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This thesis  addresses the arch itectural integrat ion of  t ransp ired solar  

col lectors (TSC), as a bui ld ing envelope technology patented in  1980s to 

pre-heat ambient a i r  that would be used for  space heat ing. I t  explores the 

reasons for low take up of  the technology . I t  fu rther  explores the 

preferences, percept ions and recommendat ions of  arch itectura l integrat ion 

qual i ty of  TSC in bui ld ings. The research analyses the associated 

technological innovat ion development  at  ent repreneuria l  level  in the UK and 

North Amer ica in a varie ty of  terms including knowledge dif fusion and 

research and deve lopment.  

Bui ld ing- integrated renewable energy is  an important response to 

concerns about cl imate change and energy poverty.  As sp ace heat ing 

accounts for 61% of total  domest ic energy consumpt ion in countr ies with 

long cold seasons, the transpired so lar col lector (TSC) is  a promis ing 

technology. However,  TSC suffers f rom low take up despite i ts  apparent 

technica l compet i t iveness.  

A large-sca le quest ionnaire,  an exper imental  prototype and technological  

innovat ion system analys is were used to provide insight into architectural ly  

integrat ing and developing TSC technology in bu i ld ings ,  and c lar i fy ing i ts 

potent ia l  cont r ibut ion to pre -heat ing ambient a ir .  The research outcomes 

inferred mult i -d imensional reasons behind l imited adopt ion of  the 

technology.  

Respondents were general ly aware of  TSC technology; however,  few 

were sat isf ied with avai lab le technology. Various preferences determining  

select ion of  TSCs were invest igated, including:  ‘ invis ib le ’  in tegrat ion, 

planning gu idel ines for t radit ional bu i ld ings, stage of  integrat ion and 

sustainab le factors.  Respondents ind icated that the ul t imate feature 

considered when sourcing TSC technology w as i ts re l iab i l i ty fo l lowed by 

capita l  cost.   

The so lar  i r radiat ion only needed to exceed 60W/m 2  for  TSC to  generate 

an output temperature greater than the ambient temperature.  A s ignif icant  

temperature increase was observed when solar i r radiat ion exceeded  
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400W/m2 .  Output temperature increased to 16ºC above ambient temperature 

in autumn and 12ºC in winter in the TSC prototype.  

A compar ison of  re levant actors,  inst i tut ions and networks of  TSC in the 

United Kingdom (UK) with North America, found both to be c aut ious about 

communicat ion to protect inte l lectua l property:  th is hampers knowledge 

exchange and deve lopment.  Despi te TSC take up in  North Amer ica be ing 

rest r icted by cheap gas prices, end -user feedback ref lects a  level of  

sat isfact ion versus fewer such e xamples in the UK.   

Ident i f ied barr iers included immaturi ty of  technology, re luctance to 

implement  new technology, lack of  supply chain  and low inst i tut ional 

support .  A framework of  potent ia l  enablers and arch itectura l des ign 

guidel ines were proposed to breakthrough take up of  TSC.  
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 OVERVIEW  1.1

This thesis  addresses  the arch itectural integrat ion of  t ransp ired solar  

col lectors (TSC), as a bui ld ing enve lope technology patented to pre -heat 

ambient a i r  that  would be used for space heat ing.  I t  explores the reasons for  

low take up of  the technology. I t  further  explores the preferences,  

percept ions and recommendat ions of  arch itectural integrat ion  qual i ty of  TSC 

in bui ld ings. The research analyses the associated technological innovat ion 

development  at  entrepreneur ia l  leve l in the UK and North America in a 

varie ty of  terms including knowledge dif fusion and research and 

development.  

This chapter compr ises a preface of  the thesis (sect ion 1.2) in order to  

present the mer i ts of  the research  be ing adopted. I t  ind icates the current 

s i tuat ion rela t ing to anthropogenic c l imate change and demand for lower ing 

carbon emissions from bui ld ings  (sect ion 1.3) .  Space heat ing is found to 

consume approximately two - th i rds of  bui ld ings’ operat ional energy and be 

responsible  for  a lmost  one -quarter  of  i ts  carbon diox ide emissions (sect ion 

1.3.4).  Therefore,  t ranspired so lar co l lector technology is in troduced as a 

bui ld ing- integrated renewable energy technique for space a ir  heat ing. 

Furthermore, th is chapter presents the aim,  object ives and st ructure of  the 

thesis in addit ion to a brief  descr ipt ion of  the methodology and high l ights the 

contr ibut ion of  th is study to research.   
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 RESEARCH  PREF ACE  1.2

This research represents a fi rst  empirical  study into architectural  integrat ion 

issues specific to Transpired Solar Col lectors. The research rat iona le was derived 

from the increasing c l imate change impacts on the bui l t  envi ronment (sect ion 

1.3.1),  the cont inuous ef forts  to d iminish the ef fect  of  c l imate change 

(sect ion 1.3.2 ),  and the increasing demand for energy (sect ion 1.3 .3) wh ich 

increases energy poverty.  Energy sources in  the bui l t  envi ronment  could  be 

fossi l  fue ls,  renewables or deployable (sect ion 2.1).  For future prosperi ty,  i t  

is necessary to  ensure a secure,  equitab le,  af fordable and sustainable 

supply of  energy. The demand for  c lean energy is l ikely  to r ise due to 

populat ion growth and economic expansion in the wor ld genera l ly  and UK 

specif ica l ly.  Improved standards of  l iv ing also play a role  in increasing future 

energy demand. Therefore,  low -carbon and clean energy are l ikely to be in  

great demand for future energy scenar ios.  

Renewable energy sources deemed capable to supply clean energy for  

the bui l t  env ironment inc lude solar water heat ing, photovo lta ic,  wind, 

geothermal and solar thermal technologies (sect ion 2.2.2).  T here is apparent 

increasing ut i l isat ion of  solar and wind energy in recent years as shown in 

Figure 2-2 (REN21 2010).  Wind energy remains re lat ively  immature 

(European Wind Energy Associat ion 2012 ) especia l ly when integrated in  

bui ld ings.  

Space heat ing consumes about two -thi rd of  the total  domes t ic energy 

consumpt ion (sect ion 1.3.4) that would be suppl ied through solar energy 

source. Solar energy in bui ld ings cou ld be passive design techniques, act ive 

solar thermal (water and air)  or act ive solar photovolta ic (sect ion 2.3.3).  

Passive design techn iques (sect ion 2 .3.1) are long stud ied (Hamdy and Fikry 

1998; Chiras 2002; A lter 2009; Chr istensen 2009; Chan et a l .  2010) and 

remain to be supported by act ive source of  energy.  Solar water heat ing 

(sect ion 2.3.2 i)  is deemed a wel l -establ ished technology (Saving Energy 

2007; Chow et  a l .  2009 ; Hawkey 2012).  Photovolta ic technologies (sect ion 

2.3.3) were further wel l  researched in terms of bui ld ing integrat ion (Nelson 

2003; Cheng et a l .  2005 ; Henson 2005; Paul et  a l .  2010 ; Jun Huang 2011; 
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Tabr iz et  a l .  2011; Yoon et a l .  2011 ; Petter  Jel le et  a l .  2012 ) and market 

deployment (Negro et  a l .  2012b; Smith et  a l .  2013 ; Vasseur et  a l .  2013).  

The Transp ired Solar  Col lector (TSC) technology is a  recent ly developed 

technology for us ing solar energy to preheat a ir  before i t  enters the bui ld ing. 

I t  was developed in Canada and many of  the projects used to assess i ts 

performance have been based in North Amer ica . I t  has recent ly been 

introduced to the UK;  however,  i ts market penetrat ion has remained low. 

Furthermore, many of  the current so lar thermal instal lat ions, general ly,  in 

bui ld ings have been assessed as having poor arch itectural qual i ty which 

discourages the potent ia l  development of  in tegrat ion reg imes (Probst and 

Roecker 2007) .  Solar col lectors are commonly mounted onto bui ld ings’ roofs 

as pure technica l e lements.  There is an increasing demand for at t ract ive 

archi tectural integrat ion which so lves energy problems a nd mit igates c l imate 

change. This arch itectural integrat ion of  a technology in bui ld ings should 

occur through integrated design process (IDP) which intensif ies 

comprehensive invo lvement of  a l l  bui ld ing stakeholders in the design 

process from concept  unt i l  hand-over (Hestnes 1999; Prowler and Vierra 

2008) (sect ion 3.2.2) .  I t  should moreover sat isfy archi tectural integrat ion 

qual i ty that was def ined as the interact ion of  solar thermal col lectors in th e 

bui ld ing enve lope in  a control led and coherent manner as reported by 

Krippner and Herzog (2000)  and Probst  and Roecker (2011) .  Th is  interact ion 

should s imultaneously  sat isfy three principal p i l la rs:  the funct ional,  the 

construct ive,  and the aesthet ic aspects o f  architectura l design (sect ion 

3.2.3).  The considerat ion of  integrat ing the techno logy d if fers according to  

the bui ld ings type, locat ion, funct ion and status;  for example new and 

exist ing bui ld ings.  For both new and refurb ished bui ld ings, the considerat ion 

of  TSC could take p lace at  the very ear ly  stage that equiva lent  to RIBA 

stage 0 ‘Strateg ic  def in i t ion’  (RIBA 2013) which def ines the appropr iate 

procurement  route  for  the integrat ion.  For new bui ld ings, the TSC can be 

incorporated with in the concept design  stage whereas th is prevai lage is not 

avai lab le for refurbished bui ld ings or even late integrat ions where the 

concept has been developed and l ikely const ructed. Therefore,  the 

integrat ion of TSC in  exist ing bui ld ings would take place at  the ‘rev ised ’ 
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technica l design stage (RIBA stage 4) in a way that to complemen t the 

orig inal concept design  (sect ion 7.4.3) .  

The nul l  hypothesis therefore deemed that there is a low awareness or  

acceptance of  the technology among design team members (e.g.  archi tects,  

bui ld ing owners,  and investors) which may be hindering the adopt ion and 

development o f  the technology; therefore,  those groups were targeted in th is  

study. Th is research accord ingly explores the reasons for the low take up of 

TSC technology, par t icular ly in the UK.  I t  further  exp lores the preferences,  

percept ions and recommendat ions of  arch itectural integrat ion qual i ty of  TSC 

in bui ld ings. Actors in the future development of  renewable energy 

technologies for bu i ld ings are considered to  be architects,  bu i ld ing owners 

and investors.  However,  the role  of  the arch i tect  is see n as part icu lar ly key 

where they are principal ly deemed to be design fac i l i tators.  In th is  context,  

the views of arch itects have been thoroughly explored with in th is work.  

Although the focus of  th is research is Wales, UK, v iews were sought f rom 

countr ies across the wor ld with  c l imates appropr iate for the deployment of  

TSC technology.  The countr ies considered represent a var iety of  soc ial ,  

cultural  and legis lat ive  contexts,  which are considered in the analysis where 

signif icant .  This analysis has been consid ered in the context of  potent ia l  

contr ibut ion of  TSC technology to pre -heat ing ambient a i r  in Wales (sect ion 

5.10) and socio - technical innovat ion development (chapter 6).  

The research a im (sect ion 1.4) was therefore designed to invest igate the 

hypothesis ;  the reasons for low take up of  TSC in the UK and the potent ia l ly 

recommended improvements of  the technology in terms of  architectural  

integrat ion in bui ld ing envelopes, knowledge dif fusion, research and 

development.  Research object ives were drawn accord ing ly as steps to 

achieve the research aim.  Combined research methodology was therefore 

designed to serve the inter -d isc ip l inary research a im and the mul t i -

d imensional object ives as briefed in sect ion 1.5.  This was fo l lowed by 

structur ing the research into ch apters (sect ion 1.6).  Fo l lowing complet i on of  

the relevant l i terature review and complet ion of  the ident i f ied methodologies,  

the resul ts were divided into two chapters (5 and 6) fo l lowed by a chapter of  

d iscussion that prov ided summat ive d iscussion of  the  main f ind ings. Chapter  
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5 was ta i lored to  analyse the responses to the architectura l integrat ion 

survey described in sect ion 4.4.  I t  inc ludes the analyses of  experimental  

prototype described in sect ion 4.5.  Chapter 6 was ta i lo red to analyse the 

interviews and other secondary data related to TSC TIS development  

descr ibed in sect ion 4.6.  

 CONTEXT  1.3

The bui l t  env ironment is general ly powered by convent ional energy 

sources which have impacts on c l imate change through greenhouse gas 

(GHG) emiss ions.  The bui ld ings sector  was responsib le for 44.6% of tota l  

GHG emiss ions in 2010 in the United States for  ex ample (Cont i  et  a l .  2011, 

ci ted in Mazr ia 2013).  Barker et  a l .  (2007)  stated that the res ident ia l  and 

commercia l  sectors were responsib le for 33% of GHG worldwide emissions in  

2004. The bui ld ings sector in the United Kingdom (UK) emit ted more than 

45% of the country ’s total  GHG in 2009 versus 21.7% for t ransport  and 8.8% 

for agriculture.  The bui ld ings sector here comprises: res ident ia l ;  commerc ial ;  

industr ia l  and publ ic.  Carbon dioxide (CO 2 )  emissions make up 96% of 

emissions f rom th is sector (DECC 2011c).   

Certa in techniques including e nergy ef f ic iency,  demand management ,  

and contro l l ing su itable insu lat ion l evel  are appropriate approaches to 

reduce GHG emissions from the bu i l t  env ironment.  Th is can be achieved 

through proper design of  bui ld ings with contr ibut ions f rom bui ld ing -

integrated low-carbon energy generat ion. This wi l l  a lso cont r ibute towards 

sustainab i l i ty,  cost e f f ic iency and energy securi ty.  

1.3.1  CLIMATE CHA NGE  

The Earth’s c l imate is  a complex interact ive system compr is ing of  the 

atmosphere, land surface, snow and ice,  oceans, water reserves, and l iv ing 

th ings. The cl imate system is af fected by internal  dynamics (e.g.  volcanic 

erupt ions and changes to the atmospheric composi t ion) and external forc ing 

factors (e.g.  so lar variat ions) .  As stated in the Intergovernmental Panel on 

Cl imate Change’s (IPCC) fourth report ,  solar radiat ion powers the compound 

cl imat ic system; therefore,  changing the natural atmospheric concentrat ion 
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fundamental ly changes the radiat ion balance on the Earth (Rogner et  a l .  

2007).  

Cl imate change has negat ive ef fects on the bui l t  envi ronment .  These 

ef fects inc lude esca lat ing temperature levels of  ambient a i r  and oceans 

which in turn lead to mel t ing of  long term snow and ice and r is ing the sea 

levels.  Bates et  a l .  (2008)  indicated that the further progress of  c l imate 

change wi l l  submerge massive areas of  land due to r is ing sea levels.  The 

inhabitants wi l l  be forced to migrate to safe land or become ext inct .  Cl imate 

change wi l l  lead to f luctuat ing heat ing demand and energy consumption in  

households (Sælthun et  a l .  1998, ci ted in Lisø et  a l .  2003 ).  Health is 

suscept ib le to  c l imate change. Heat  and cold -re lated i l lnesses and death due 

to thermal ext remes as wel l  as psychological d isorders could ensue. The 

maintenance cost o f  the bui l t  envi ronment might  a lso increase due to 

precip i tat ion, wind and weather r e lated issues l ike f loods and landsl ides 

(Lisø et  a l .  2003).  

I t  was dur ing the n inetheenth century that the atmospheric greenhouse 

ef fect  was in i t ia l ly  recognised; Joseph Four ier  descr ibed th is phenomenon in 

the 1820s (Weart  2014).  The global atmospheric concentra t ion of  CO 2  has 

increased f rom nearly 280ppm (parts per mi l l ion) in the pre - indust r ia l  era to 

399ppm as of  August  2014 (F ig.  1 -1).   

 

http://en.wikipedia.org/wiki/Joseph_Fourier
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Figure 1-1: Recent atmospher ic CO 2  leve ls,  b lack l ine is the average (Tans 
and Keel ing 2014) 

The current CO 2  level in the atmosphere exceeds the natural f luctuat ion 

of  180 to 300ppm over the past  650,000 years based on re l iab le data from 

ice cores (S ims et a l .  2007 ; US EPA 2012; Tans and Keel ing 2014 ).   

Foss i l  fue l combust ion is the main source of  the ste ady increase in CO 2  

atmospher ic  concentrat ion s ince the pre - industr ia l  era.  Carbon dioxide 

emissions from fossi l  fuel increased f rom about 23.5 GtCO 2  (g igatonne 

carbon dioxide) per annum in the 1990s to around 26.4 GtCO 2  per annum in 

2005. An annual pro jec t ion of  37.2 to  53.6 GtCO 2  f rom energy use is 

expected in 2030 (Rogner et  a l .  2007 ; Sims et a l .  2007) .   

The net GHG emiss ions from the UK in  2009 was 566Mt CO 2e –

equivalent (DECC 2011c).  The per capi ta emiss ion has, nonetheless, 

decreased f rom 9.60 tons per person a year to 7.54CO 2e ton/capi ta/year a 

21.4% reduct ion (IEA 2011).  

1.3.2  INTERN ATIONAL  AGR EEMENT ON  CL IMAT E CHAN GE  

The Kyoto Protoco l internat iona l agreement came into e f fect  on 16 t h  

February 2005 fo l lowing formal adopt ion in 1997 and targeted Annex I  

countr ies to l imit  or reduce GHG emiss ions. Annex I ,  however,  is a  ref lect ion 

of  37 industr ia l ized countr ies and the European community  who most ly  
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exceeded or  approached the threshold o f  CO 2  emmis ion un l ike the non -

annex 1 countr ies who were accepted to resume with a  certa in  level of  

increase in emiss ions to reach stabi l izat ion in 2060s . The agreed amount of  

GHG reduct ions rela ted to their 1990 leve ls appl ied over the f ive year period 

2008-2012. However,  a few Annex I  countr ies were al lowed to exceed their  

1990 levels  such as the 1% increment for Norway (T jernshaugen 2002),  8% 

for Austra l ia  and 10% for  Ice land (UNFCCC 1998).  Few countr ies recorded 

good achievements on their  targeted levels of  reduct ion; these countr ies 

include for example I ta ly,  France, Norway, Slovenia and UK (UNFCCC 2013).  

By 2050, the share of  energy sources is expected to change drast ica l ly  

(Kainuma 2013) towards low-carbon sources of  energy. Hence, governments 

are encouraged to focus on progress towards lo w-carbon societ ies.  United 

Nat ions Cl imate Change summits cont inued fo l lowing the Kyoto Protoco l 

which was amended in the Conference of  the Part ies (COP19) in Doha to 

accommodate a second commitment  per iod towards reducing CO 2  emissions. 

The new commitment  period of  the extended Kyoto Protocol  spans f rom 2013 

to 2020, however,  th is amendment is expected to enter in to force by 2014 

(Harrab in 2012).  

1.3.3  ENER GY CON SU MPT ION AND SECUR ITY  

Energy is a principa l factor for a nat ion’s economic deve lopment.  There 

are abundant suppl ies of  renewable energy on Earth.  Renewable energy 

sources backed-up by an energy saving regime, especia l ly f rom exis t ing 

archi tecture,  is a pract ical  approach to  reduce fossi l  fue l use.  

The wor ld ’s energy consumpt ion has increased more than ten  t imes from 

1900 to 2000 versus a  four  t imes increase in  the world’s populat ion from 1.6 

bi l l ion to 6.1 bi l l ion.  The consumpt ion of  g lobal pr imary energy was around 

225.6 quadri l l ion  (101 5 )  Btu (Br i t ish Thermal  Unit)  in 1972 to r ise to almost 

439.8 quadri l l ion  Btu in 2004 (Sims et a l .  2007).  This became almost 524 

quadri l l ion  Btu in  2010 with a  pro jected r ise to 820 quadri l l ion  Btu in 2040 

(EIA 2013).  The energy demand is expected to increase s ignif icant ly in the 

future due to s teady economic and populat ion growth.  
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The UK power sector is threatened by increasing demand and fossi l  fuel  

dependency.  The UK exported energy unt i l  2003 but  thereaf ter became a net 

energy importer.  In 2010, fossi l  fuel dependency had increased to 89.8% due 

to r is ing gas consumpt ion and fa l l ing nuclear  e lectr ic i ty generat ion,  the total  

e lect r ic i ty  demand was 384 TWh,  i .e.  a  1 .3% increase on 2010 (DECC 

2011d).  

1.3.4  SPAC E HEAT IN G IN  UK 

Space heat ing in the UK counts for  61% of  the total  domest ic energy 

consumpt ion (see Fig.  1 -2) (DECC 2011b).  Furthermore, i t  is responsible for 

25% of the UK’s total  CO 2  emissions and more than 40% of the energy costs 

in households (Liao e t  a l .  2005 ).  Therefore,  s ign if icant energy savings in 

bui ld ings could be achievable through space heat in g. Despi te th is,  there has 

actual ly been a sl ight  increase in the energy requ ired for space heat ing 

during the last  three decades (DECC 2011b).   

 

Figure 1-2: UK domest ic energy consumpt ion in 2009 (DECC 2011b) 

Figure 1-3 indicates the space heat ing energy f luctuat ions which can be 

at tr ibuted to increases in  the number of  bui ld ings and l iv ing standards as 

wel l  as bui ld ings being refurbished to be more energy ef f ic ient under str icter 

Space heating 
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Water 
18% 

Cooking 
3% 

Lighting and 
appliances 

18% 
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bui ld ing regulat ions. However,  there is s t i l l  scope to improve the energy 

ef f ic iency of  space heat ing in the UK (Liao e t  a l .  2005).  

 

Figure 1-3: Space heat ing trend in UK f rom 1970 -2009 (DECC 2011b) 

Although a sign if icant  improvement in space heat ing energy ef f ic iency 

could be made by improving the contro l  of  heat ing systems (BRECSU 2002),  

there is a lso scope for  introducing novel ef f ic ient systems in the UK market,  

part icular ly i f  they could be designed to  be aesthet ica l ly p leasing and 

sustainab le.  

 A IM  AND  OBJECT IVES  1.4

The aim of th is work is to prov ide ins ight  into architectura l ly integrat ing 

transpired solar thermal  technolog ies in bui ld ings for space heat ing in  

temperate regions, and clar i fy i ts potent ia l  contr ibut ion to pre -heat ing 

ambient a ir  in Wales .   

 

This inc ludes:  

-  An invest igat ion of  the l imited adopt ion of  integrat ing and deploying 

TSC in bu i ld ing envelopes despi te i ts apparent technical  

compet i t iveness.  
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-  The socio-economic concerns of  technolog ica l innovat ive development 

are explored at  ent repreneuria l  leve l in the UK and North America.  

 

In order to ach ieve the aim,  the fo l lowing object ives were set according  

to the interrelated research di rect ions explained in  the brief  methodology 

(sect ion 1.5):  

 

Arch itectural Integrat ion of  TSC:  

i )  Examine the exist ing awareness of  the TSC and veri fy the role of  the 

archi tect  as a pr incipa l  decis ion maker who faci l i tates integ rat ing the 

technology in design.  This includes ver i fy ing the decision making 

actors and e lucidat ing the integrated design process (IDP) which 

produces more consol idated archi tectural outputs.  

i i )  Invest igate  di f ferent  funct ional  and aesthet ic  integrat ion preferences 

of  TSC and hybrid  PV/TSC, and f ind out the preferable opt imum 

archi tectural integrat ion scheme for arch itects and end -users.  

i i i )  Understand the archi tects’  percept ions and recommendat ions of 

bui ld ing - integrated t ranspired solar thermal technologies .  

iv)  Ident i fy  the needs of  architects,  engineers,  and bui ld ing 

profess ionals for improved architectura l integrat ion qual i ty and 

f lex ib i l i ty of  so lar  thermal energy, in a form of design prerequisi tes.  

v)  Gain ins ight into the constructab i l i ty and integrat ion prac t ise of  the 

TSC through design, p lanning and bu i ld ing a  prototype project .  The 

protoype project  to be furthermore pract ica l ly tested to clar i fy the 

potent ia l  usefulness of  TSC technology for space heat ing in  Wales.  

 

Technolog ical  Innovat ion Development (TI S) of  TSC:  

vi)  Evaluate the technological innovat ive development of  TSC in the UK 

at the entrepreneursh ip level and compare i t  to the North Amer ican 

case us ing interv iews as the main source of  data and other 

secondary data sources.  
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vii)  Ident i fy the barr iers of  int egrat ing the TSC, and highl ight potent ia l 

enablers to integrat ing and deploying TSC technology for 

researchers,  entrepreneurs and pol icy -makers to consider for further 

improvement and technologica l deve lopment.  

vii i )  Invest igate the cont r ibut ion of  the technolog ical innovat ion system to 

the development,  d i f fusion and ut i l isat ion of  t ranspired so lar 

col lectors.  

Object ive  1.4v i i  overlaps between architectural integrat ion and 

technological innovat ion development .   

 BRIEF MET HODOL OGY  1.5

The research method is d iv ided into two interre lated di rect ions:  

‘arch itectura l integrat ion’ and ‘ technolog ical development ’ .  The former 

focuses on the arch itects ’  percept ions, preferences and chal lenges of 

in tegrat ing TSC technology in bu i ld ings, whereas the la t ter interre lated  term 

focuses on the potent ia l  systematic development of  TSC. Figure 1-4 in 

sect ion 1.6  shows the research methodology .  

This study is being conducted using combined methodolog y to sat is fy the 

inter -disc ip l inary research aim and the mult i -d imensions conta ined with in the 

object ives:  

 Mixed-methodology (qual i tat ive and quant i tat ive) ana lys is of  a 

quest ionnaire mainly  serves the f i rs t  research object ives; 

archi tectural integrat ion (object ives 1.4i  to 1.4v in addi t ion to 1.4vi i ) .   

 Design and const ruct ion o f  an exper imental prototype was a 

secondary method wi th in the arch itectural  integrat ion d irect ion to 

gain ‘hands-on experience ’  (object ive 1.4v) .   

 Quali tat ive analys is o f  interviews and other secondary data for the 

purpose of  technological innovat ion devel opment analys is of  TSC in 

the United Kingdom and North America (ob ject ives 1.4vi to 1.4v i i i  in 

addit ion to 1.4 i ) .   
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 THESIS ST RUCTUR E  1.6

The thesis  is  d iv ided into e ight chapters as described in  th is sect ion. 

Figure 1-4 shows the chapters below:  

Chapter 1:  Introduct ion of  thesis that g ives context to the research. The 

chapter h igh l ights the issues of  c l imate change and CO 2  emissions 

attr ibutab le to the UK’s bui l t  envi ronment .  I t  proposes that invest igat ion 

in to arch itectural integrat ion and technological in novat ion systems of 

TSC could cont r ibute  to a solut ion. I t  a lso includes the aim and 

object ives of  the research and a brief  h ighl ight of  the methodology with a 

statement of  the cont r ibut ion of  the PhD thesis to the ex ist ing research.  

Chapter 2:  Solar Energy: i t  h ighl ights a background of solar energy (his tory,  

types and development).  I t  focuses on the transpired solar thermal 

technology and highl ights i ts work ing princip les,  l i tera ture,  and sta te -of-

the-art  development and research.  

Chapter 3:  Integrat ion and Innovat ion: the integrat ion sect ion reviews 

previous stud ies and l i terature relevant  to  arch itectural  integrat ion of  

solar technolog ies in bui ld ing envelopes. S imilar ly,  the innovat ion sect ion 

reviews prev ious studies that inc lude the development  of  in novat ion 

systems, and the components and funct ions of  the technological 

innovat ion system in addit ion to the interact ion between these funct ions.  

Chapter 4:  Methodology: th is def ines the research parameters and indicates 

the reasons for choosing the resea rch methods. The research 

methodology implementat ion is exp lained.  

Chapter 5:  Arch itectural Integrat ion: quant i ta t ive ly and qual i tat ively  analyses 

and reports the quest ionnaire resu lts in order to explore the actors ’  

percept ion towards integrat ing TSC in bui ld ings. The chapter furthermore 

reports the f ind ings gathered from designing and construct ing a TSC 

prototype (experimental prototype) in order to g ain hands-on experience 
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of  the di f f icu l t ies which might  face the const ructabi l i ty and integrat ion of 

TSC through design, p lanning and operat ion.  

Chapter 6:  Technolog ical Innovat ion Development:  reports the f indings from 

interviews, quest ionnaire and other co l lected secondary data in  order to  

analyse the socio -economic aspects facing the deployment of  TSC in the 

marketplace and to draw lessons f rom a compar is on of  the format ive 

stage of  UK development with the mature North Amer ican TSC 

deployment.   

Chapter 7:  Discussion:  br ings together the f indings from the two st rands and 

combined methodologies to form a coherent  response to the a ims and 

object ives set in the in troduct ion.  

Chapter 8:  Conclus ion of  the research and recommendat ions for re levant 

future works.  
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Figure 1-4: Research matr ix i l lust rates the research ideology. I t  shows the 
development o f  research process a long with thesis st ructure (sect ion 1.6)  
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 CONTRIB UTION S OF TH E RESEARCH  1.7

Contr ibut ions to the exist ing knowledge were made at various phases in  

th is PhD research. These include select ion of  the topic,  methodology, 

research f indings and discussions a s fo l low:  

 RESEARCH  TOPIC :   i)

This research, to the author’s knowledge, is  the f i rst  empir ical p iece of  

work that prov ides insight into archi tectural in tegrat ion issues related 

specif ica l ly to TSC. Bui ld ing on the proposit ion of  Probst and Roecker 

(2011) surveying arch itects and engineers in re lat ion to integrat ing solar  

thermal systems, human dimension towards the research and bui ld ing 

integrat ion of  TSC was explored. The focus on a speci f ic  technologica l 

system was recommended by (Hekkert  et  a l .  2007 ) and conf i rmed later by 

Negro et  a l .  (2012a)  to produce precisely di rected ident i f icat ion and 

measures. The TSC prototype is deemed the f i rst  experimental  model in 

Wales, which has al lowed ‘hands-on exper ience ’  in  construct ing and test ing 

the TSC. The co l lated resu lts  of  these  methodologies al low mult i -d irect ional  

insights in to the research a im be ing targeted.  

 STATIST ICAL ANAL YSIS OF QUANTIT ATIVE  DATA :  ii)

Although quant i tat ive analys is of  prev ious surveys re lated to th is  topic  

have been reported (Horvat et  a l .  2011),  a  key cr i t ic ism has been the lack of  

stat is t ical  ana lys is.  This work brings the r igour of  stat ist ica l  analys is to 

re inforce conf idence in  the resu lts.  

 PARTICIPAT ION IN  TH E SURVEY :  iii)

The total  re turned responses on the quest ionnaire (1,734) was 

considerably h igher than previous re lated studies target ing archi tect s and 

profess ionals such as Probst and Roecker (2011)  and Horvat et  a l .  (2011)  as 

explained in sect ion 5 .2.  Th is adds an accreditat ion and conf idence to the 

val id i ty  and rel iabi l i ty  of  the data being analysed.  I t  would  further infer  a 

general isat ion about the group types be ing  targeted (Fie ld 2009).  
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 SETS OF BARRIER S ,  ENA BLER S AN D DESIGN  GUIDELIN ES :  iv)

Derived with the a im of prov iding insight in to the low take  up in  TSC 

integrat ion and deployment,  a set of  barr iers ,  e i ther in  research or in design, 

was ident i f ied hindering the potent ia l  breakthrough of the technology. A few 

previous stud ies ana lysed barr iers  f or  renewable energy such as Painuly 

(2001) and Phi l ibert  (2006) .  Neverthe less, th is s tudy is the only  up -to-date 

and empir ica l research ident i fy ing specif ic barr iers for TSC technology, to 

the author’s knowledge.  

In order to overcome barr iers,  a set  of  potent ia l  enablers and 

archi tectural des ign guidel ines were proposed as strateg ic so lut ions. These 

sets are proposed as a  framework to provide a breakthrough in the research, 

design, pol icy -making decis ions, development and deployment of  TSC in the 

UK. Nonethe less, th is f ramework would l ike ly  be appl icable  to other  

countr ies and other solar thermal technologies as discussed in sect ions 7.6  

and 7.7.  
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 INTRODUCTION  2.1

There are three major types of  energy sources; foss i l  fuels  ( i .e.  coal,  o i l  

and natural gas) ,  renewables ( i .e.  wind, solar,  geothermal,  b iomass, and 

ocean energy) and deployable ( i .e.  nuc lear  energy) .  Th is chapter  presents 

current energy use in the bui l t  env ironment and indicates methods that wi l l  

a l low more renewable energy to be used. This wi l l  focus on the ut i l isat ion of 

the Transp ired Solar Col lector (TSC) for space heat ing energy.  

 ENER GY IN  TH E BUILT  ENVIR ON MENT  2.2

Measures to reduce CO 2  emiss ions from bui ld ings whi le maintain ing 

environmental and sustainab le requirements fa l l  into the fo l lowing 

categories:   

 Reduct ion of  operat ional and embodied energy in bu i ld ings.  

 Switching to low-carbon energy sources.  

 Capture of  carbon d iox ide emiss ions (Levine et  a l .  2007).   

Switching to low-carbon energy is deemed the pract ica l approach,  

especia l ly  in  ex ist ing archi tecture.  Low -carbon energy can be suppl ied to 

bui ld ings from the grid or be generated on -si te by an integrated technology 

(Levine e t  a l .  2007 ).   

2.2.1  NON -RENEWABL E EN ER GY SOURC ES  

Non-renewable energy sources inc lude coal ,  o i l  and gas. As wel l  as 

being f in i te resources,  these also emit  greenhouse gases that impact on the 

greenhouse gas emissions of  e lectr ic i ty generated from these fue ls.   

Figure 2-1 shows a compar ison of  fu l l  l i fe cycle CO 2  emissions for 

e lect r ic i ty generat ion from a varie ty of  sources around the world.  I t  is 

evident that e lect r ic i ty  generated from l igni te,  coal and gas has muc h higher 

emissions than e lect r ic i ty  generated f rom solar photovolta ics (PV),  wind,  

nuclear and hydro energy sources (WNA 2011).   
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Figure 2-1: Lifecycle of  GHG emissions from electr ic i ty generat ion sources 
(WNA 2011) 

2.2.2  REN EWABL E EN ER GY SOURCES  

Contemporary renewable energy technolog ies have been developing 

since the late 1970s. In some countr ies,  such as the UK,  th is progress has 

been encouraged by government  sponsored incent ives (Edquist  1998; Foxon 

and Pearson 2007 ).  Cont inuous and rapid  growth capacity was reported by 

the status report  o f  the Renewable Energy Pol icy Network (REN21 2010).  In 

part icular,  an increased growth capacity  o f  41% was reported for solar 

thermal power in 2009 (F ig.  2 -2).  Hence, increasing ut i l isat ion of  solar and 

wind energy has been apparent in recent  years.  

 

Figure 2-2:  Average annual growth rate of  renewable energy capacity,  
2004–2009. 2009 f igures present the year’s  growth in re lat ion to the 
previous f ive years (REN21 2010)  
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 SOLAR  ENER GY IN  BU IL DIN GS  2.3

The sun has been known as a source of  l ight  and warmth s ince the 

beginning of  creat ion.  In 1767, Horace de Saussure bui l t  the world ’s f i rst  

solar thermal col lector .  Thereafter ,  the f i rst  commercia l  solar water heater 

was patented by Clarence Kemp in 1891. The fo l lowing 50 -60 years 

witnessed further  deve lopment where Albert  Einstein  won the No bel Pr ize in 

physics for h is theories in the photoe lect r ic ef fect .  Fo l lowing the Gulf  War in 

the 1990s, so lar power gained further popular i ty due to concerns about 

future oi l  avai labi l i ty  (US DOE 2002; His tory of  Solar Power n.d. ) and 

concerns about anthropogenic c l imate change . Future bui ld ings,  therefore, 

are expected to incorporate renewable energy and energy -eff ic ient design 

techniques.  

The solar energy technologies associated wi th bui ld ings are d iv ided into 

three main categories.  First ly,  ‘passive so lar  energy’ focuses on orientat ion,  

window design sunshades, and therma l  insulat ion (d iscussed in 2.3.1);  

secondly ,  ‘act ive so lar  thermal energy’  could  be integrated into bu i ld ings to 

capture so lar  energy for water and space heat ing ( d iscussed in 2 .3.2);  and 

th ird ly;  ‘act ive solar photovolta ic ’  could generate electr ic i ty (d is cussed in 

2.3.3).  Further,  bui ld ings might incorporate passive and act ive so lar 

technologies to be a ‘solar bu i ld ing’.  This type of  bui ld ing const i tutes an 

area of  interest to architects and energy special ists to jo in t ly design such 

bui ld ings (Hestnes 1999).  

2.3.1  PASSIVE SOL AR THERMA L  

In the mid twent ieth century,  pass ive so lar design themed as a technique 

in  bui ld ings’ arch itecture.  Guide l ines for so lar  heat ing in  domest ic 

archi tecture were presented by George Nelson and Henry Wright in the 1945 

but were not  named as passive techniques. Passive so lar  heat ing was f i rst  

appl ied in house design in the 1932 as publ ished by the Royal Inst i tute of  

Bri t ish Arch itects  (RIBA) (Nelson and Wright 1945).  The f i rst  commercia l  

of f ice bu i ld ing with passive design and solar water heat ing techniques was 

designed in the mid -1950s by an American Archi tect ,  Frank Br idgers  (US 

DOE 2002; History of  Solar Power n.d. ) .  Passive solar techniques refer to  

http://www.architecture.com/
http://www.architecture.com/
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heat ing or cool ing inhabited spaces using the sun’s energy. I t  is  a natural 

process re lying on the characterist ics of  materia ls and ai r under exposure to 

direct  sun l ight.  Passive solar des ign is conceptual ly  s imple;  i t  is a  balance 

of  bui ld ing components which work as a system. There are no electr ica l or 

mechanical  intervent ions requ ired for  the system to funct ion, which reduces 

maintenance and costs.  Specif ic at tent ion by arch itects was usual ly g iven to 

certa in pr incip les of  passive design that  include bu i ld ing locat ion and 

orientat ion, thermal mass of  bu i ld ing components,  sun path,  appropr iate 

vent i la t ion, and size and placement  of  openings.  

Solar pass ive design princip les can be ut i l ised to  reduce energy 

consumpt ion and therefore CO 2  emiss ions whi le mainta in ing indoor comfort .  

However,  a house wi th  passive design features should not be confused with 

‘Pass ivhaus’ that is a design phi losophy which has been cert i f ied as meet ing 

the required design and construct ion standard (A lter 2009; Kuang 2009) 

(Table B-1, Appendix B).  

As Chr istensen (2009)  and Chiras (2002)  ment ioned, pass ive solar  

heat ing has three conf igurat ions: d i rect  solar gain,  ind irect  solar  gain ( i .e.  

Trombe wal ls / thermal  storage wal l  systems),  and isolated solar  gain ( i .e.  

sunrooms) (Fig.  B -2, Appendix B).  

The del iberate  use of  sunl ight in bui ld ings  has stead i ly increased as 

windows design has improved. This has al lowed larger glazing areas to 

admit  so lar energy without causing too much heat loss when the sun is not 

shining (Hast ings 2007).  Once admit ted, solar energy can be stored for  

heat ing later on when necessary,  or a l ternat ively used for a ir  vent i la t ion 

(Chan et a l .  (2010) .  Passive solar coo l ing is ach ieved through operab le 

windows and vent i lat ion such as wing wal ls and solar  chimneys.  

2.3.2  ACTIVE SOLAR TH ERMAL  

Act ive so lar  thermal systems usual ly require solar col lectors and heat  

d ist r ibut ion methods using  water  or  a i r .  Act ive so lar thermal  is d iv ided into  

low and h igh tempera ture appl icat ions. High temperature appl ica t ions are 

not inc luded in bui ld ings and are therefore beyond the scope of th is study.  

Typical bu i ld ing related appl icat ions include domest ic hot  water (DHW),  
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space heat ing (F ig.  2 -3) and cool ing.  Although these te chnologies,  

part icular ly domest ic water heat ing, have been widely used for a long t ime, 

improvements in integrat ion and performance remain essent ia l  for solar 

energy to subst i tute convent ional sources of  energy.  

 

 
Figure 2-3: Schemat ic of  a  typ ica l so lar  thermal system, i t  can be used to 
provide hot  water for domest ic use (DHW) and space heat ing (IEA 2012) 

 

Integrat ing solar thermal systems in bui ld ing envelopes dif fers according 

to the solar col lector type, des ign, funct ion and economic feasibi l i ty.  

Accord ing to Zhai et  a l .  (2008) ,  the integrat ion of  solar thermal technologies 

in bui ld ings to supply hot water,  space heat ing and cool ing, is under rapid  

development.  However,  solar col lectors are usual ly key components of  act ive 

solar  heat ing systems whereas th is study focuses part icular ly on heat ing 

type. A descr ipt ion of  the common types of  solar heat ing col lectors fo l lows 

accord ing to thei r funct ional category in d el ivering energy (F ig.  2 -4 shows a 

schemat ic d iagram for a l l  act ive solar energy classif icat ions).   
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Figure 2-4: Schematic d iagram of so lar energy types in  bui ld ings, author 
(solar a ir  cool ing types are not d iscussed in th is research)  
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i )  SOLAR  WATER  HEATIN G  

UN GLAZED PAN ELS :  This type is suitab le when only a  few degrees of  

heat ing are needed.  I t  is suitab le for swimming pool heat ing and in t ropical 

or subt ropical regions where heat loss is  minor (Clarkson 2010).   

FLAT -PLAT E WAT ER C OLLECT O RS :  The most wide ly used solar col lectors 

are f la t -p late water co l lectors ,  especial ly,  those developed in the 1950s  by 

Hotte l  and Whil l ie r.  They usual ly consist  of  an insulated, weatherproof box 

enclos ing a highly absorpt ive dark metal p la te to absorb almost 90% of the 

incident radiat ion. They are covered with  one or more t ransparent or  

t rans lucent layers ( i .e.  g lass o r p last ic) (see Fig.  2 -5).  Heat conduct ing f lu id 

runs in pipes beneath the absorber p late for heat exchange (Sakhrieh and 

Al-Ghandoor 2013; Apr icus n.d. ).  

New po lymer f la t -p la te col lectors were recent ly  int roduced as an 

alternat ive to  meta l col lectors.  These do not need ant i f reeze f lu id in the 

pipes, a l lowing water to be direct ly pumped into the water tanks at  h igher 

ef f ic iency than us ing heat exchangers.  The average l i fe expectancy of  f lat -

p late col lectors exceeds 25 years (Mahjour i  2004).   

 

Figure 2-5:  Flat-p late  thermal system for  water heat ing deployed on a f la t  
roof (Qwik i  2011)  



HASAN JAMIL ALFARRA CHAPTER 2 || BUILDING-INTEGRATED SOLAR ENERGY 

 

Page |  26  

EVACUAT ED TUB E COLL ECT ORS :  An evacuated tube col lector,  or ‘vacuum 

tube col lector ’ ,  consis ts of  a number of  vert ical  tubes. Each tube compr ises 

two Boros i l icate glass tubes. The outer tube is t rans lucent a l lowing l ight to 

pass through with  min imal ref lect ion whi le  the inner tube is coated with  a 

specia l  heat absorbent  materia l  (F ig.  2 -6) .  A vacuum is created between the 

tubes to minimise convect ion and conduct ion heat loss.  The evacuated tube 

col lectors have a much higher ef f ic iency than f l at -p late col lectors,  especia l ly  

in colder condit ions (Duff ie and Beckman 1980 ; Hitemp 2006).   

 
Figure 2-6: Glass-g lass evacuated tube (cross sect ion) (Hitemp 2006)  

i i )  SOLAR  A IR  HEAT IN G  

Solar a i r  heaters are less common than solar water heaters.  One reason 

for th is is that  the avai lable a ir  heaters on ly sat isfy space heat ing 

(Papadopoulos 2003 ;  Solar Ai r Heat ing n.d. ).  The f lat -p late  solar a ir  

col lector is considered to be ef f ic ient,  dependable,  and economical ly v iab le.  

Air col lectors can be classif ied into two main types,  e i ther g lazed or  

unglazed as fo l lows:  

GLAZED SOLA R AIR C OLL ECT ORS consis t  of  a glaz ing layer and an 

absorbing layer.  Solar  energy is t ransmit ted through the glazing layer and 

causes the absorb ing layer to get hotter.  When air is c i rcu lated through the 

duct formed by the two layers i t  absorbs heat f rom the absorbing layer.  

Figure 2-7 i l lust rates one specif ic type of  g lazed solar col lector (Solar Ai r 

Heat ing n.d. ).  Payback for g lazed so lar a ir  heat ing panels ranges from 9 –15 

years (Duff ie and Beckman 1980 ).   



HASAN JAMIL ALFARRA CHAPTER 2 || BUILDING-INTEGRATED SOLAR ENERGY 

 

Page |  27  

 

Figure 2-7: Glazed solar a i r  co l lectors (SunMate n.d. )  

UN GLAZED SOLAR AIR C O LLECT ORS  have an absorber layer exposed to the 

sun without g lass or  g lazing on the top. General ly the he ated air is 

t ransferred into the bui ld ing through a fan in let .  They are pr imari ly  used to 

heat the ambient a i r  for space heat ing rather than reci rcu lat ing inter ior a ir .  A 

non-contaminated ai r  f low is ach ieved therefore which sat isf ies human 

health and indoor comfort  (Qwiki  2011; So lar  Ai r Heat ing n.d. ) .  Most g lazing 

ref lects about 15% of incident radia t ion which decreases i ts ef f ic iency. 

However,  g lazed co l lectors reduce the heat  loss from the absorber layer.  

Unglazed co l lectors are less expensive as they el iminate the glass (US DOE 

1998; Resouce Smart  Business 2007 ).  Therefore,  payback for unglazed solar 

a ir  heat ing panels ranges from 2 -7 years.  Unglazed panels can be classif ied 

into ei ther perforated or non -perforated solar co l lecto rs as fo l lows:  

a. NON -PERF ORAT ED SOLA R C OL LECT OR S  

A sol id non-perforated col lector des igned in  the 1980s is known as the 

backpass unglazed co l lector .  The system uses solar energy to preheat the 

ambient outdoor a ir .  I t  compr ises sol id meta l col lecto r p lates,  e i ther f lat  or 

corrugated,  at tached to module of  vert ica l  and horizonta l gr i t  channels on 

the the external creat ing  about 15 cent imetre of  a cavity .  A fan is f ixed in a 

penetrat ion  th rough the bui ld ing ’s exterior wal l  and feeds heated air in to the 
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inter ior space or duct work.  The backpass system is s imi lar in construct ion 

and funct ion to the transpired so lar co l lectors (sect ions 2.3.2i ib and 2.4) .  

The dif ference,  the backpass has no perforat ion in  the co l lector p late 

therefore the ai r enters the system from the bottom of the system (Fig.  2 -8).  

 
Figure 2-8: Typical backpass col lector draws ai r f rom the bottom (Solar Ai r  
Heat ing n.d. )  

The co l lector ’s sol id i ty prevents about  50% of the solar heat  being 

captured by the system as the heated ai r on the outs ide surface remains 

stat ic  at  the ambient .  Fie ld  experience has shown that wider cavi ty  depth is 

necessary when larger air  vo lumes are needed for heat ing. Nonetheless,  

increasing the depth reduces the a ir f r ict ion  against the absorber surface 

which reduces the heat t ransfer rate and subsequent ly  lowers the solar 

ef f ic iency. However,  narrower cav it ies increase the pressure drop and 

require more fan power.  The recorded so lar  ef f ic iency of  a backpass panel  

for a typical indust r ia l  wal l  was less than 30% (Ekechukwu and Norton 1999 ; 

Matr ixAir  n.d. ;  So lar A i r Heat ing n.d. ).  

b.  PERF ORAT ED SOLAR  C OLL ECT ORS  

This so lar a ir  heat ing system features a perforated absorber.  This  type 

of  unglazed perforated col lector is  of ten known as the transpired so lar  

col lector  (TSC) (Fig.  2 -9).  Accord ing to Solar A ir  Heat ing (n.d.)  and Qwiki  
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(2011),  the TSC is  most favoured in North Amer ica due to i ts low 

comparat ive cost,  sat isfactory performance, integrat ion scheme, and 

operat ional s impl ic i ty .  TSC technology is the main focus in th is s tudy and is  

therefore rev iewed and detai led hereafter  in sect ions 2.4  and 2.5.  

 

Figure 2-9: Unglazed,  ‘ t ranspi red’,  solar a ir  col lector  (Qwiki  2011) 

2.3.3  ACTIVE SOLAR PHOT OVOLTAIC  

Photovolta ic (PV) was the fastest  growing energy technology in the wor ld 

f rom 2000–2009 (Rüther et  a l .  2008 ; Kok 2009).  Solar e lectr ic i ty  f rom PVs 

was the most cost ly  energy generat ion (Kok 2009).  The cost  of  solar 

e lect r ic i ty  f rom PVs cont inues to  plummet to reasonable and af fordable 

levels that  beat e lectr ic i ty f rom some foss i l  fuel  sources (Bhavnagri  2014;  

Park inson 2014).  However,  in a survey completed in  June 2014 in the UK for 

example, a lmost half  of  households were reported unaware  unaware that  

solar  generated e lect r ic i ty  is  cheaper than gr id sources one  (Woods 2014).  

Photovolta ics can be instal led on roofs or  façades taking account of 

design considerat ions l ike locat ion, azimuth, PV type and orientat ion. PV 

eff ic iency depends on severa l factors,  pr imar i ly PV type (Table B-4 and Fig.  

B-3, Appendix B).  The term bu i ld ing - integrated photovolta ics (B iPV) has 

become common in archi tecture and ene rgy generat ion. I t  sat isf ies the 

opt ion of  the mult i - funct ional façade, which combines energy generat ion and 
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construct ion (Bazi l ian et  a l .  2001 ).  The PV integrat ion can be in a  façade, 

parapet,  shading device, porch or roof.  Thin -f i lm technology based on 

amorphous s i l icon (a -Si) has a range of at t ract ive features for BiPVs such as 

th in panels,  l ight  weig ht,  and sturdy mater ia l .  BiPV e lements may combine 

various funct ions,  namely e lect r ic i ty generat ion, l ight ing, thermal insulat ion ,  

shading, and aspects of  arch itectural  aesthet ics and design (Benemann et 

a l .  2001; Maurus e t  a l .  2004) (expla ined in sect ion 3.1).  

Semi-t ransparent modules became avai lable  with in th in -f i lm technology 

by removing opaque layers f rom the subst rate via lase r techn iques. This 

al lows almost co lour -neutral  t ransmissions and hence provides a “see -

through”  ef fect  (see Fig 2 -10).  Although the semi -t ransparent modules have 

sl ight ly  lower comparat ive ef f ic iency, they serve funct ional  l ight ing and 

temperature management in bui ld ings as wel l  as electr ic i ty generat ion 

(Maurus et  a l .  2004, pp. 24 -25).  

 
Figure 2-10: SmartSolarFab®, façade of a product ion fac i l i ty in Alzenau 
(Maurus et  a l .  2004 ) 

The TSCs sat is fy an a l ternat ive energy source for space heat ing which is 

in a mainst ream demand as highl ighted in sect ion 1.3.4.  Therefore,  the TSC 

has been focused in the l i te rature and further invest igated in th is  study to 

sat isfy the research aim and object ives (sect ion 1.4).  

 TRAN SPIRED SOLAR  COL LECT ORS  2.4

TSC technology is a solar space heat ing technology as presented under 

sect ion 2 .3.2i ib.  I t  is  usual ly c lass if ied as an a ct ive so lar energy,  a l though 
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Chan et a l .  (2010)  classif ied i t  as a passive solar a i r  heat ing technology due 

to the buoyancy mechanism and s imi lar i ty  to the Trombe wal l  and solar 

chimney except for the fan. Accord ing to McLaren et  a l .  (1998)  and Hal l  e t  

a l .  (2011) ,  TSC technology is wel l  proven and readi ly ava i lable.  The 

technology uses so lar  energy to preheat the ambient outdoor air  as i t  is 

drawn in to a bui ld ing. The TSC is presented as an ideal appl icat ion for 

bui ld ings with moderate heat ing requ irements over long heat ing seasons. 

Accord ing to the US Department of  Energy (US DOE), TSCs deserve 

at tent ion as the technology was a h ighly  re l iable ,  best -per forming,  and 

comparat ive ly  inexpensive form of  solar heat ing for bui ld ings amongst the 

commercia l ly ava i lab le  energy sources of  the t ime (US DOE 1998, ci ted in 

Riegger 2011).  

2.4.1  BRIEF H IST ORY  

TSCs were patented by John Hol l ick in the mid -1980s (Hol l ick 1985) to 

preheat bui ld ings’ vent i lat ion air  us ing solar  radiat ion. Further patent was 

developed by John Hol l ick  and Rol f  Peter in the 1990s (Hol l ick and Peter 

1997).  The product was pi loted in i t ia l ly on the North Amer ican cont inent,  

predominant ly  the Canadian market ,  as SolarWall  by Conserva l Engineering 

Incorporat ion in the 1990s. CEI worked closely with the Nat iona l Renewable 

Energy Laboratory (NREL) under US DOE, and with the Department of  

Natura l Resources Canada (NRC) on the ent repreneuria l  development of  the 

technology (Hol l ick 1994; McLaren et  a l .  1998).  

The f i rst  TSC commerc ial  instal lat ion in the 1990s was at  Ford Motor  

Company assembly p lant in Ontar io,  Canada. Since then, a few hundred 

TSCs have been instal led in more tha n 30 countr ies worldwide. These 

instal lat ions were predominant ly in commercial ,  indust r ia l ,  agr icu ltura l  and 

process appl icat ion projects (Hal l  et  a l .  2011).  Several  examples have 

proven that the TSC technology is cost ef fect ive (McLaren et  a l .  1998 ; 

Resouce Smart  Business 2007 ).  A number of  instal lat ions are current ly  in  

operat ion around the UK since the f i rst  instal lat ion in 2005 (Table 2 -1).  
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Table 2-1:  UK commerc ial  insta l lat ions of  TSC, (Brewster 2010; Hal l  et  a l .  
2011; Brown et a l .  2013) 

N Project  Location  Year  

TSC 
area:  

m2  

Predicted 
Energy 
savings: 
kWh/year  

1  
CA Group Mi l l  Bui ld ing A 
(Renovat ion)  

Evenwood, County  
Durham  2005 410 N/A 

2  
CA Group Mi l l  Bui ld ing B 
(New Bui ld)   

Evenwood, County  
Durham  2006 1,211 299,000 

3  
Sainsbury 's  Dis t r ibut ion 
Centre  

Pineham Park,  
Northampton  2006  947 256,093 

4  
Beaconsf ie ld  Motorway 
Serv ices  

Beaconsf ie ld ,  
Buckinghamshire  2008  255 99,235 

5  

Jaguar Land Rover 
Mater ia l  Planning & 
Logis t ics Centre  

Leamington Spa,  
Warwickshi re  2009  268 80,530 

6  Premier  Park 33  Winsford ,  Cheshi re  2009  580 130,000 

7  Royal  Mai l  
Swan Val ley ,  
Northampton  2009  800 233,396 

8  

Wi l lmot t  Dixon Heal thcare 
Campus (Ful l  Scale 
Showcase)  

BRE Innovat ion 
Park,  Watford  2009  24 N/A 

9  
F i r th Park Communi ty  Ar ts  
Col lege  

Shef f ie ld,  South 
Yorkshi re  2010  218 N/A 

10  RCT Homes Dwel l ing   
Cwmbach,  
Aberdare  2010  9  

11  
Chartek Internat ional  
Paints  Fel l ing,  Gateshead  2010  100 31,169 

12  
Susta inable Bui ld ing 
Envelope Cent re (SBEC)  Deeside,  Fl in tshi re  2011  262 N/A 

13  Deeside Leisure Centre  
West  Queensferry ,  
Deeside  2011  260 N/A 

14  
Jaguar Land Rover Deck  
92  

Sol ihul l ,  West  
Midlands  2011  565 N/A 

15  Royal  Mai l  Strood,  Kent   2011  700 N/A 

16  TWI Technology Cent re  
Port  Talbot ,  Neath 
Port  Talbot   2012  486 N/A 

17  
Armstrong Point  Business 
Park  

Wigan,  Greater  
Manchester   2012  390 N/A 

18  SSE  

Treforest ,  
Rhondda Cynon 
Taf   2012  210 N/A 

19  Marks & Spencer  
Cast le Donington,  
Leicestershi re  2012  4,334 N/A 

20  Royal  Mai l  
Chor ley ,  
Lancashi re  2013  495 N/A 
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2.4.2  DESIGN  CONC EPT AN D MECHAN ISM  

The technology of  the TSC is remarkably  simple.  I t  consis ts of  a 

corrugated perforated solar absorbing sheet p laced approximately f i f teen 

cent imetres from the bui ld ing ’s externa l wal l  creat ing a p lenum of  a ir .  The 

corrugat ion is provided to st i f fen the st r ucture of  the TSC and increase the 

exposure area to the sunl ight (Gawl ik and Kutscher 2002 ).  The perforated 

pane usual ly has dark colours to maximise the absorpt ion of  solar  radiat ion 

which can be converted to heat.  The support ing framing consists of  vert ical  

and then horizontal gr ids which receive the perforated pane (Fig.  2 -11) but 

technica l deta i ls for each manufacturer are di f ferent .  A fan is f ixed in a  cut -

out through the bui ld ing’s exter ior wal l  and connected to the duct work 

connect ion or Heat,  Vent i lat ion, and A ir -Condit ion ing (HVAC) system. The 

fan creates negat ive pressure in the plenum which draws fresh air through 

the perforat ions. The air co l lects heat f rom the perforated layer and from the 

rear surface of  the layer whi le passing through. The solar heated ai r is then 

transported v ia the out let  into the duct  or  HVAC system. In the case of  duct 

work,  the solar heated air is d i rect ly d ist r ibuted into the inter ior space,  

where the a ir in the HVAC system can be heated further i f  requi red (F ig.  2 -

12) (McLaren et  a l .  1998 ; Resouce Smart  Business 2007 ; Brown 2009; Hal l 

et  a l .  2011) .   

 
Figure 2-11: Before,  support ing f raming,  and af ter insta l la t ion of  TSC 
(Rowley 2007, c i ted in Brown 2009 ) 



HASAN JAMIL ALFARRA CHAPTER 2 || BUILDING-INTEGRATED SOLAR ENERGY 

 

Page |  34  

 
Figure 2-12: Typica l  TSC mechanism wi th rooftop HVAC unit  (SolarWall  
n.d.)  

TSCs have a bypass opening for when heated air is not required, 

especia l ly in summer, so heated air f rom the plenum is avo ided (McLaren et 

a l .  1998; Resouce Smart  Business 2007 ; Brown 2009; Hal l  et  a l .  2011).  The 

TSC can form part  or whole of  a south -fac ing bui ld ing ’s envelope,  so as to 

receive the opt imum exposure to  di rect  sunl ight during heat ing seasons 

(McLaren et  a l .  1998).  Neverthe less, or ientat ions other than north are st i l l  

possib le but at  reduced eff ic iency. Openings such as windows with in the 

TSC system a lso reduce the ef f ic iency (Resouce Smart  Business 2007 ).  The 

size of  the system is  based on variab les such as heat ing loads, a i r f low, 

cl imate, avai lable so lar i rrad iat ion and south -wal l  area (McLaren et  a l .  

1998).  Due to the ir sensit iv i ty to such var iab les and solar f luctuat ions, TSCs 

are common ly l inked to a convent iona l space heat ing system (ai r based or 

radiant ) to  sat isfy  thermal comfort .  I t  is therefore recommended that the 

technology is combined with a thermal storage system to extend i ts heat ing 

capacity (Resouce Smart  Business 2007 ).  

This technology of  preheat ing outdoor air  with solar energy subst i tutes a 

substant ia l  load f rom a bui ld ing’s convent ional space heat ing system, saving 

energy and money (Hal l  et  a l .  2011).  The instantaneous thermal  ef f ic iencies 

of  the TSC exceeded 70% with low cap ita l  costs.  Those two factors 
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const i tute  the basic potent ia l  of  s imple  economic payback of  a lmost two 

years for  la rge insta l lat ions (Chr istensen et  a l .  1990 ;  Brunger et  a l .  1999 ; 

Brewster 2010; Hal l  et  a l .  2011).  However,  as McLaren et  a l .  (1998)  

ment ioned, the sav ing scheme in energy and money by TSCs depends on a 

number of  factors.  These factors inc lude: type of  the displaced convent ional  

fuel;  pattern of  use;  bui ld ing design;  and the avai labi l i ty of  so lar energy 

during heat ing seasons.  

2.4.3  TSC  FORMS OF  INTEGRA TION  

The TSC could be integrated into bui ld ing envelopes in three basic  

forms: wal l  mounted;  rooftop mounted; and stand -a lone (Hal l  et  a l .  2011).  

Each of  these can form a hybrid system by incorporat ing PV.  

 WALL MOUNT ED  i)

Most of  the instal led TSCs are commonly wal l  mounted (Fig 2 -13),  

predominant ly  on the south -fac ing façade. The ideal  or ientat ion is  with in 20 º  

of  south which gets 96 -100% of ava i lab le so lar gain.  Or ientat ion wi th in east  

and west is  poss ible  (Fig.  2 -14) but at  lower solar ga in ef f ic iency (as low as 

60% of the total  avai lable solar radiat ion) (CA Group 2011).  

 

Figure 2-13: Northern Arizona Universi ty -  USA (SolarWal l  n.d. )  
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Figure 2-14: Idea l or ientat ion for  TSC (CA Group 2011)  

 ROOF  MOUNT ED  ii)

Roof mounted TSC technology is most ly  known as so lar  duct or modular.  

This has the same design concept and mechanism as the wal l  mounted TSC 

(Fig.  2-15).  I t  is suitable when adequate roof area is avai lab le but there is 

no feasible south -fac ing wal l  area (SolarWall  n.d. ).  According to Kozubal et  

a l .  (2008),  the modular type has potent ia l ly achieved higher energy yie lds 

than wal l  mounted due to t i l t  opt imisat ion which receives further so lar 

radiat ion. However,  a roof instal led TSC does not necessar i ly sat isfy a mult i -

funct ional opt ion and may therefore entai l  a h igher cost  especial ly when 

occupying a space on the roof that could  be used for  another funct ion ( i .e.  

roof garden) .   

 
Figure 2-15: Renault  dealersh ip,  Spain  (So larWall  n .d. )  
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 STAND -AL ONE  iii)

In the stand-alone system, the system’s back plate is made of a non -

perforated sheet which is  usual ly  exposed to the ambient envi ronment (F ig. 

2-16).  The TSC unit  is independent (Hal l  et  a l .  2011) which is su itable for  

under-construct ion s i tes and temporar y processes. Kozubal et  a l .  (2008)  

evaluated the performance of a  prototype modular un it ,  wh ich is  s imi lar  to 

the stand-alone type,  versus a south-facing façade mounted system. The 

stand-alone type prov ided sl ight ly better performance over the wal l  mounted 

one due to the t i l ted angle which col lected more so lar i r radia t ion.  However,  

i t  is st i l l  subject  to instal lat ion cost,  avai lab i l i ty o f  space,  an d architectural 

acceptance.  

 

Figure 2-16: A prototype TSC under test  (Kozubal et  a l .  2008) 

 HYB RID PV/TSC iv)

TSCs,  ei ther wal l  mounted or so lar duct,  can be used in combinat ion with  

PVs as in a hybr id system (Fig .  2 -17) to produce both space heat ing and 

elect r ic i ty (Chara lambous et  a l .  2007, ci t ed in Hal l  et  a l .  2011 ).  SolarWal l  

c la imed that the hybrid system prov ides four  t imes the tota l  energy from the 

same surface area. Furthermore, the hybrid isat ion s ignif icant ly  helps to 

reduce the ROI (return on investment) t imeframe (equat ion 2 -1),  on a PV 

system which of fers more f inancia l  accessibi l i ty to bui ld ing owners and 

investors (Solar A ir  Heat ing n.d. ) .   
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Figure 2-17:  Ste  Margueri te Bourgeoys school,  Ontario (SolarWal l  n.d. )  

    
                                          

                  
             (Schmidt 2009)    (2-1)  

One advantage of  a hybrid PV/TSC system is the removal of  heat f rom 

the back of  the PV module which supplements the heat ing system whi le 

increasing the PV eff ic iency (Naveed et a l .  2006 ; Del is le 2008).  However,  

the PV ce l ls reduce the  TSC exposed area to so lar  radiat ion. The idea l 

e lect r ic  convers ion ef f ic iency of  an ordinary PV module is about  16 -18% of 

the incident solar rad iat ion they receive (Athienit is et  a l .  2011 ).  This heat 

increases the PVs’ operat ing temperature whic h decreases the i r overa l l  

performance desp ite those PV col lectors absorbing a lmost 80% of the 

incident so lar radiat ion (van Helden et  a l .  2004).  The total  solar energy 

conversion of  hybr id PV/TSC increases to more than 50%, compared to the 

typica l convers ion for  PV modules alone (10 -15%) as tested at  Canada’s 

Nationa l Solar Test Faci l i ty (NSTF) and Internat iona l Energy Agency Solar 

Heat ing and Cool ing (IEA SHC) (Solar A ir  Heat ing n.d. ).  There are a var iety 

of  other opt ions in which PV and solar  thermal can be integrated in 

bui ld ings. These inc lude: passive a ir  c irculat ion behind the PVs; water 

heat ing; and bi - f lu id which combine both  water and ai r techniques (Krauter 

et  a l .  2000; Assoa et a l .  2007 ; Tonui and Tripanagnostopoulos 2008 ; 

Anderson et  a l .  2009).   
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2.4.4  TSC  COMMER CIAL  AVAILABIL IT Y  

Conserval Engineer ing Inc.  p ioneered SolarWal l® in Canada: 

www.so larwal l .com. Two fur ther products in the Canadian market are 

Matr ixAir TR from Matr ix Energy: www.matr ixenergy.ca  and LubiT M  system 

from Enerconcept Technologies:  www.enerconcept.com. The Matr ixAir has 

the air drawn from the bottom of the plenum unl ike SolarWall .  The 

instal lat ion is s l ight ly  angled whenever possib le for more so lar  absorb ing 

ef f ic iency. Matr ix Energy c la ims that these technica l features increase the 

ef f ic iency o f  the system, a l though the Canadian Standards Associat ion 

(CSA) cert i f ies th is system at a lower performance factor than SolarWal l .  

The second product,  Lubi,  uses polycarbonate panels rather than metal and 

al lows l ight t ransmiss ion through to the bui ld ing wal l .  T he manufacturer 

cla ims that the technology is the most ef f ic ient due to reduced heat  loss and 

sensit iv i ty to windy condit ions. The reports  f rom the CSA conf i rm that the 

Lubi system has a  higher performance factor than Matr ixAir or SolarWal l .  

(Ehr l ich 2011).  Another TSC product  in the Canadian market is  vent i lated 

thermal panels of  Murox system from CANAM: www.canam-const ruct ion.com. 

InSpireT M  wa l l  is commerc ial ly ava i lab le  in the Amer ican market:  

www.atas.com. Whereas, in the UK, the TSC technology is ava i lable under 

the trade name of SolarWall® f rom the CA group: www.cagroupltd.co.uk  that 

is the same product o f  the Conserval Engineering Inc.  A loca l entrepreneur 

in the UK is  TATA Steel that  has TSC products known as Colorcoat Renew 

SC®: ht tp: / /www.co lorcoat -onl ine.com.  

2.4.5  STREN GTH S AN D L IM ITA TION S  

The fol lowing factors const i tute a genera l  v iew of the features and 

chal lenges towards bu i ld ing - integrat ion of  TSC technology;  however,  these 

can vary depending on t ime, locat ion and design:  

 STREN GTH S  i)

-  The long l i fe span of  the absorber which exceeds 40 years sub ject  to 

coat ing qual i ty (Hal l  e t  a l .  2011).  However,  the CA group prov ides a 25 

year warranty on UK instal lat ions (CA Group 2011).  

http://www.solarwall.com/
http://www.buildinggreen.com/auth/productDetail.cfm?ProductID=4929
http://www.matrixenergy.ca/
http://www.enerconcept.com/
http://www.canam-construction.com/
http://www.atas.com/
http://www.cagroupltd.co.uk/
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-  Suitabi l i ty for new and exist ing bui ld ing as the TSC can be an addit ional 

component to bu i ld ing envelopes (Hal l  et  a l .  2011).  

-  A short  payback per iod, usual ly 2 –12 years sub ject  to the nature of 

construct ion and design (McLaren et  a l .  1998 ; SolarWall  n.d. ).   

-  TSC technology has high performance and ef f ic iency up to 75% as 

tested for So larWall  by NREL and NRC (SolarWal l  n.d. ).  

-  The TSC helps mit igate CO 2  emissions f rom the bui l t  envi ronment ,  and 

improves indoor ai r  qual i ty and thermal comfort  (Shah et a l .  2009; 

SolarWal l  n.d. ).  This occurs by replacing a  considerable proport ion of fossil 

fuel-derived heat ing. 

-  The TSC can be an aesthet ic feature,  especial ly when supported with a 

wide range of co lours (Probst and Roecker 2007).   

 L IM ITATION S  ii)

-  Shading and large architectural openings l imit  the use of  TSCs.  

-  Unsuitab le for use with an exist ing heat recovery system (Resouce 

Smart  Business 2007) and for non-vent i lated structures l ike long -term 

storage warehouses (McLaren et  a l .  1998).  

-  I f  the requ ired TSC area is  la rger than the south façade, then the 

integrat ion could a f fect  the arch itectural aesthet ic character ist ics of  the 

bui ld ing envelope (Probst and Roecker 2007) which leaves no choice to 

the arch itect  but to el iminate using a TSC.  

 PARAMETER S AFF ECTIN G TSC  OPERAT ION  2.5

Publ ished research of  TSCs can be traced back to the late 1980s and 

main ly focused on heat t ransfer,  ef fect iveness an d ef f ic iency. The explored 

characterist ics af fect ing TSC technology include perforat ions geometry and 

arrangement,  absorber layer conduct iv i ty ,  wind speed, and so lar rad iat ion 

exposure. Th is sect ion reviews stud ies relat ing to each parameter:  

geometry,  conduct iv i ty ,  solar i r radiat ion, wind ef fect ,  heat t ransfer theory,  



HASAN JAMIL ALFARRA CHAPTER 2 || BUILDING-INTEGRATED SOLAR ENERGY 

 

Page |  41  

ef fect iveness, ef f ic iency and performance (F ig.  2 -18).  The indicators o f  

these parameters are  usual ly the TSC effect iveness (2.5 .6) and ef f ic iency 

(2.5.7)  that are def ined and discussed at th e end of  th is sect ion.  

 

Figure 2-18: Parameters af fect ing the operat ion of  TSC, author  
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2.5.1  HEAT  TR ANSF ER  TH EOR Y  

Sparrow and Ort iz (1982)  conducted an early  study of  heat t ransfer  

through transp ired p la te wit h oncoming f lu id  f low feature.  They determined 

the heat t ransfer coeff ic ients with the ambient a ir .  The perfora t ions were at  

equi lateral t r iangular  centres.  Th is pattern forms a hexagonal region 

surrounding each hole with ident ical characterist ics of  heat t ransfer and f lu id  

f low. The researchers correlated two variab les –  the pi tch -to-d iameter rat io 

and the per-ho le number,  for normal f low under no -wind condit ions. The 

correlat ion was, however,  not  appropriate to TSC since the porosit ies were 

higher (14 -22%) than that typical ly used in TSC (0.1 -0.5%) (Sparrow and 

Ort iz 1982, c i ted in Del is le 2008 ).  

Fol lowing Sparrow and Ort iz (1982) ,  the f i rst  fundamental research on 

TSCs was started by Kutscher et  a l .  (1993)  in  regards of  heat loss theory for  

a f lat -p late col lector  with homogeneous air f low suct ion. Their study 

included: an equat ion represent ing TSC overal l  heat balance (equat ion 2 -2),  

and est imat ion of  radiat ive and convect ive heat loss into a simple model to 

predict  thermal performance. They thoroughly rev iewed the ef fects of  suct ion 

f low and heat t ransfer  for natural and forced laminar convect ion, and forced 

turbulent convect ion.  

                                                         (2 -2)  

Where   is a i r  density,     is specif ic heat,     is the air  suct ion veloc ity 

on the panel ,     is  the col lector area,      is the col lector output 

temperature,  and      is the ambient temperature (which represents the 

useful energy co l lected).  The    ref lects the total  so lar radiat ion s tr ik ing the 

absorber (solar  i rrad iat ion),  and    is the col lector  absorptance along 

with     .  The two remain ing terms are the losses from the co l lector  to the 

environment v ia radiat ion      and convect ion       .  Special  a t tent ion was 

given to convect ion in their theory due to  concern over heat loss due to 

wind.  

Kutscher et  a l .  (1993)  concluded in thei r basic theory that the TSC has 

negl ig ib le heat loss due to natural  convect ion, especia l ly for a large sca le  
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TSC (the largest studied was 3m x 3m).  Heat t ransfer  is  s ignif icant ly  

inf luenced by TSC geometry (2.5.2),  suct ion veloc ity  and crosswind speed 

(2.5.5)  (Kutscher 1994).  Both of  these studies (Kutscher et  a l .  1993 ; 

Kutscher 1994 ) const i tuted the bedrock in the f ie ld of  TSCs.  

2.5.2  GEOMETR Y  

The perforat ion geometry const i tutes a primary issue in al l  the preceding 

research. The pitch arrangement was presented in ei ther t r iangular or  

rectangular arrangement of  c ircular holes.  However,  geometry of  the TSC 

includes plate s ize, p i tch arrangement,  per forat ion d iameter,  corrugat ion,  

p late th ickness, poros ity (rat io of  perforat ions volume in the total  absorber 

plate) and plenum width (F ig.  2 -19) in add it ion to azimuth. Al l  of  them have 

an ef fect  on the performance and ef f ic iency o f  the system.  

 

Figure 2-19: Schematic d iagram i l lustrates geometry of  components;  D:  hole  
diameter,  author  
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McLaren et  a l .  (1998)  stated that the typ ical TSC plate is a 0 .8 mm 

(mil l imetre) th ick corrugated metal,  e i ther a luminium or galvanized steel.  

The perforat ion diameter is 1.6mm arranged at regular intervals.  However,  

these were just  pr imary gu idel ines for understanding the TSC in the late  

1990s. Van Decker e t  a l .  (2001)  proposed a study for  some geometr ic 

variab les:  perforat ion diameter,  p i tch,  and plate th ickness. Nine study plates 

were invest igated with ei ther square or t r iangular  perforat ion layout of  

c i rcular ho les (Table  B -5, Appendix B).  The researchers found that p late 

th ickness has a d i rect  corre lat ion wi th heat t ransfer in the perforat ion. 

Furthermore, t r iangular p i tch arrangement was found to have a 0.05 higher 

ef fect iveness than the rectangular one over the experimental s tudy. Larger 

perforat ion pi tch (24 mm) has smal ler  heat t ransfer ef fect iveness (0 .32).   

Wang et a l .  (2006)  invest igated two parametr ic models of  p lenum width  

in thei r study; 200mm and 50mm, whi le porosity was kept constant  at  1.12%. 

The plenum width of  50mm was found to provide 0.72 ef fect iveness value 

versus 0.7 for the 200mm plenum ind icat ing a min imal ef fect  on the TSC 

effect iveness.  

Leon and Kumar (2007)  invest igated a range of geometr ic considerat ions 

(Table B-6, Appendix B).  The pi tch in the research was t r iangular that varied 

from 12 to 24mm as advised in preceding studies of  Kutscher (1994),  

Arulanandam et a l .  (1999)  and Van Decker et  a l .  (2001) .  The perforat ion 

diameter varied f rom 0.8 to 1.55mm at 120mm constant p lenum width.  The 

researchers found that t ranspirat ion diameter and p itch have strong ef fects  

on the TSC performance, part icula r ly at  low ai r f low ra tes and high solar 

i r radiat ion. Increasing pitch f rom 12 to 24mm along wi th increasing diameter 

f rom 0.8 to 1.55mm drops the temperature r ise by 5.5 C. The highest value 

of  temperature r ise was obtained at  the smallest  combinat ion of  p i tch and 

diameter.  In terms of  ef fect iveness and ef f ic iency, p oros ity showed sl ight 

ef fects on the ef fect iveness and s l ighter on ef f ic iency at  inverse corre lat ion 

(F igs.  B-4 and B-5,  Appendix B).  The perforat ion diameter a lone has 

moderate  ef fects on hea t exchange effect iveness and ef f ic iency. However,  

h igher p i tch -diameter  combinat ion has lower heat change effect iveness and 

ef f ic iency,  but the pi tch has more ef fect  than the diameter.  Increasing p itch 
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f rom 12 to 24mm drops the ef fect iveness by 11.5%, wher eas, increasing the 

diameter f rom 1.25 to 1.55mm at 18mm pitch drops the ef fect iveness by just  

1.4% (Fig.  B -6, Appendix B) .  

Motahar and Alemra jabi (2010)  conducted a research procedure to f ind 

the opt imum design of  perforat ion diameter and pitch to maximise the exergy 

ef f ic iency (maximum performance f rom the  system). The researchers 

focussed on the perforat ion diameter and pitch as the sign if icant design 

parameters inf luencing the heat t ransfer performance and pressure drop 

with in the TSC. The range of t r iangular p i tch var ied f rom 12 to  24mm and 

diameter f rom 0.8  to 1.55mm. They found that the opt imum design 

dimensions were perforat ion diameter 0.9mm and pitch 12mm with in the 

parameters of  their work (Table B -7, Appendix B).  However,  there is some 

ambigu ity to these results as they are taken from a chart  of  ex ergy ef f ic iency 

contours (F ig.  B-7, Appendix B).  I t  should be noted that th is work assumed 

the temperature r ise in the plenum and co l lectors was un iform, according to 

Van Decker et  a l .  (2001)  and Chan et  a l .  (2011)  such an assumption gives 

r ise to inaccuracies.  

Commercia l  TSC producers of ten provide technica l data sheets that 

include al l  the above informat ion for  each TSC type.  An example of  th is  is 

Enerconcept Technologies:  www.enerconcept.com (Table B-8, Appendix B).  

Solar wal l  is avai lab le in di f ferent system prof i les ( i .e.  SW 150 and SW 400).  

The SW 450, for example, has a th ickness of  0.7mm for TSC wal l  and 1.2mm 

for so lar duct whereas the poros ity varies according to a i r  vo lume 

requirements.  

CONCLU SION :   

The geometry compr ises al l  the features of  the surface plate and the 

TSC system ( i .e.  absorber th ickness,  perforat ion d iameter,  p lenum width,  

and pitch arrangement).  Each feature has a di f ferent ef fect  on TSC 

performance and operat ion. Al l  the TSC s urface plates are corrugated ( i .e.  

r ibbed);  however,  the most researched type is the sinuso idal  one. Although, 

the typica l th ickness in the late 1990s was 0.8mm, the bu lk of  the 

researched plate th ickness ranged from 0.8 –1.55mm. The perfora t ion pi tch 

http://www.enerconcept.com/
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d istance has a research range between 12 –24mm. The plenum width var ied 

in the research from 50–200mm. Most of  the studies used tr iangular p i tch 

arrangement due to i ts h igher ef fect iveness than the rectangular  p i tch type. 

The plate th ickness has a di rect  correla t ion with heat t ransfer and ef f ic iency.  

The plenum width has min imal ef fect  on ef fect iveness (a lmost 0.7 at  

200mm versus 0.72 at  50mm). Poros ity  has s l ight e f fect  on the ef fect iveness 

and a sl ighter ef fect  on ef f ic iency at  inverse corre lat ion. Perforat ion  

diameter has moderate ef fects on e f fect iveness and ef f ic iency versus 

stronger ef fects o f  the pi tch,  however,  d iameter -p i tch combinat ion has st rong 

inverse corre lat ion with ef fect iveness and ef f ic iency. Many researchers such 

as Van Decker et  a l .  (2001) ,  Leon and Kumar (2007)  and Motahar and 

Alemrajab i (2010)  t r ied to f ind an opt imum geometr ic conf igurat ion; these 

conf igurat ion remain dependent on external parameters such as solar  

radiat ion, wind f low and TSC locat ion and or ientat ion.  

2.5.3  CONDUCT IV ITY  

The types of  commerc ial ly ava i lable and researched TSC mater ia ls are  

commonly:  a lumin ium with  the highest conduct iv i ty o f  186 to 216W/m C 

(Wat t  per  meter  Celsius);  sta in less stee l  of  15.12W/m C; styrene of  

0.16W/mC; and PVC with the lowest conduct iv i ty of  0.149W/m C. However,  

sta in less stee l of  18W/mC is not presented in the surveyed l i te rature  

papers.  The lower conduct ive materia l  resulted in  s l ight  reduct ion in the 

ef f ic iency according to  Arulanandam et a l .  (1999) .   

In cont rast ,  Gawlik et  a l .  (2005)  found that  h igher conduct iv i ty materia ls  

have sl ight ly h igher e f f ic iency.  This di f feren ce seems due to the di f ferent 

equat ion used for measurement where Kutscher et  a l .  (1993)  and 

Arulanandam et a l .  (1999)  used heat exchange effect iveness and Gawlik et 

a l .  (2005) used the temperature r ise in the p lenum which is  more appropr iate 

for non- isothermal p lates.  However,  conduct iv i ty proved to have a very 

min imal ef fect  on the TSC thermal  performance. Therefore,  other factors 

such as cost sav ings and corrosion res is tance could p lay possible  ro les in  

select ing low conduct ive materia l  for TSC plates.  



HASAN JAMIL ALFARRA CHAPTER 2 || BUILDING-INTEGRATED SOLAR ENERGY 

 

Page |  47  

2.5.4  SOLAR  IRRA DIAT ION  

Solar radia t ion, the amount of  avai lable e lectromagnet ic waves emit ted 

by the sun (Kaplanian and Kaplanis 2012 ),  is the pr inc ip le concept be hind 

TSC technology.  However,  solar i r radiat ion is a part icu lar  term which refers 

to the ‘ total  solar radiat ion st r ik ing the absorber ’  (Dymond and Kutscher 

1997) whether i t  is absorbed, t ransmit ted or ref lected. Figure 2 -20 shows 

components of  so lar  i r radiat ion of  the TSC surface: solar beams on the TSC 

surface      ;  infrared rad iat ion between TSC surface and 

ground                ,  and between TSC surface and sky             .  The 

term ‘solar rad iat ion intensity ’  is used s imi lar ly as referr ing to “d i rect  so lar  

radiat ion intensity on the plane which is perpendicular to the direct ion of  the 

Sun’s rays” (Hu and Yang 2000, p.  588 ).  

 

Figure 2-20: Schematic d iagram of energy balance on TSC surface (Dymond 
and Kutscher 1997 ) 

Gunnewiek et  a l .  (1996)  considered solar i rradiat ion with in the range of 

400 and 900W/m 2 .  Ben-Amara et  a l .  (2005)  studied the solar i r radiat ion as 

one of  the parameters af fect ing TSC eff ic iency for a desal inat ion process. 

The solar i r radia t ion ranged between 600 and 1000W/m 2 .  The researchers 

found that the increase in solar i r radiat ion intensity increased the out let  

temperature stead i ly (Fig.  B -16, Appendix B).  
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Wang et a l .  (2006)  invest igated the system effect iveness at  solar 

i r radiat ion of  400,  600, 800, and 1000W/m 2 .  They found that  the increase of  

solar  i rrad iat ion steadi ly  increases the temperature r ise.  However,  solar 

i r radiat ion has an inverse ef fect  on ef fect iveness. I t  was not iced that  

ef fect iveness decreased when solar i r radiat ion increased (Fig .  2 -21).  

 

Figure 2-21: CFD results in the form of ef fect iveness versus radiant  
intensi ty (so lar i r radia t ion) (Wang et a l .  2006) 

Leon and Kumar (2007)  examined the solar  i rrad iat ion ef fect  for drying 

fru i t  and vegetab les in  a t ropica l c l imate which is a bundant in so lar energy.  

They ran the simulat ion under solar i r radia t ion inc ident on a TSC surface 

range of 400-900W/m2  as pract ica l ly ava i lable in t ropical c l imates. The 

resul ts conf i rmed the direct  corre lat ion between solar i rrad iat ion on the TSC 

surface and out let  temperature.  The researchers presented the relat ion of  

out let  temperature and solar i r radiat ion incident on the TSC surface, under 

f ive d i f ferent  a i r  f low rate condit ions  (F ig.  2-22).  

The simulated resu lts  of  the r ise in temperature in Leon and Kumar 

(2007) are sl ight ly h igher than SolarWall  records. Th is could be due to the 

tropical c l imate rather than a cold cl imate. The l inear d irect  corre lat ion 

between incident solar  radiat ion and temperature r ise as wel l  as ef f ic iency is 

a lso conf irmed by Motahar and Alemrajab i (2010)  who invest igated a solar  

i r radiat ion range between zero and 1000W/m 2 .  
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Figure 2-22: Out let  a i r  temperature as a funct ion of  so lar radiat ion ‘ inc ident 

on the TSC surface’ and (q) a ir f low rate,  ambient temperature:  30 C, pi tch:  
20 mm, hole d iameter:  1.25 mm (Leon and Kumar 2007 )  

Solar i r rad iat ion parameters in  Chan et a l .  (2011)  vary f rom 300 to 

800W/m2  (Table  B-10,  Appendix B).  They assumed a homogeneo us solar  

absorpt ion by the col lector p late.  The researchers found that solar 

i r radiat ion increases the temperature r ise as presented in sect ion (2.5.6).  

They proved that solar i r rad iat ion const i tutes a signif icant factor in thermal  

performance of the TSC (Figs.  B-9 and B-10,  Appendix B).  

CONCLU SION :   

Solar radiat ion is a  general term whi le  solar i r radiat ion specif ica l ly refers 

to the incident so lar beam and dif fused i rrad iat ions on the TSC surface. The 

term ‘so lar  rad iat ion in tensity ’  was used simi lar ly .  Ho wever,  few researchers 

confused the use of  the ‘solar i r radiat ion’ such as Leon and Kumar (2007, p.  

63) who described the term in thei r study as ‘so lar  rad iat ion inc ident on the 

col lector ’ .  The solar  i rrad iat ion in the aforement ioned stud ies has a 

parametr ic range between zero and  1,000W/m2 ,  however,  the focal range 

was between 400 and 900W/m 2 .  Solar i r radiat ion has a  st rong direct  

correlat ion with the temperature r ise in the plenum and therefore the out let  

temperature.  
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2.5.5  W IND  EFF ECT AN D SUCT ION  VEL OCIT Y  

Kutscher et  a l .  (1993)  conducted a study under a set  of  assum ptions 

includ ing a 10 m/s (meter per second) maximum wind speed. The wind speed 

increases the ef f ic iency as the suct ion veloci ty decreases, part icu lar ly for a 

low emissivi ty absorber (F ig.  B -11, Appendix B).  Wind di rect ion was 

acknowledged by the researche rs as important a l though i t  was not  inc luded 

in the study. The suct ion velocity refers to the local  velocity of  f low at the 

surface of  the TSC. The amount of  heat loss due to natural convect ion was 

found negl ig ib le.  Moreover,  heat loss due to wind was foun d to be smal l  for  

a large TSC (the larger col lector studied was 3m x 3m) at  a typical suct ion 

veloc ity of  about 0.5 m/s (Fig.  2 -23).  

 

Figure 2-23: Equivalent convect ion heat  loss length versus suct ion velocity 
at  var ious wind speeds (Kutscher et  a l .  1993 ) 

Gunnewiek et  a l .  (2002)  extended thei r ear l ier study, Gunnewiek et  a l .  

(1996),  to  inc lude the ef fect  of  bu i ld ing shape and TSC orientat ion for the 

col lecto r ’s height (3.0m ≤Height≤6.0m) and solar i r radiat ion (400 –900W/m2 ) .  

Wind was found to  have s ignif icant  ef fects  on the d ist r ibut ion o f  suct ion 

veloc ity.  They found that a higher suct ion ve locity of  0.017 m/s was required 

to avoid reversed f low for long fron tal - face bui ld ings with col lectors facing 

into the wind. For cubic bui ld ings, Gunnewiek et  a l .  (2002)  recommended 

min imum suct ion ve locity  of  0.026 m/s when facing into the wind. Whereas 

for wind at  45  to the col lector,  the min imum suct ion velocity  to avoid 

reversed f low should be 0.039 m/s.  These minimums are under the condit ion 
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of  average wind speed of 5m/s at  the h ighest  point  of  the col lector,  which is 

quite pract ical for most locat ions.  

Fleck et  a l .  (2002)  addressed the wind ef fects on the performance of 

TSCs v ia a f ie ld study in Canada. They included in the monitor ing: wind 

speed; d i rect ion; and f luctuat ion intensity  (F ig.  B-12,  Appendix B).  The 

average wind speed during the monitor ing phase was 5.4 m/s.  I t  has been 

observed that the boundary layer of  a i r  adjacent to the TSC absorber plate  is 

usual ly turbulent.  Th is  turbulence increases as TSC s ize increases (F ig.  2 -

24).  Greater  turbu lent intensi ty was found to negat ively af fect  the e f f ic iency.  

Therefore,  wind direct ion const i tutes a dominant factor on f low pattern and 

TSC performance.  

 

Figure 2-24: Deta i led schemat ic showing zones of  f luctuat ing, reverse and 
paral le l  f low on a ta l l  bui ld ing for inc ident wind normal and d iagonal to one 
wal l  (Fleck et  a l .  2002) 

The wind speed and direct ion were invest igated by Cordeau and 

Barr ington (2011)  in their research on performance of TSCs for bro i le r 

chicken barns. They found that every increase of  wind speed by 1 m/s drops 

heat recovery ef f ic iency by 5.7%. In spi te of  bypass opening dur ing summer, 

the output temperature of  the incoming fresh air increased 1 -2C wi th higher 

vent i la t ion rates than those used in winter .  The rate of  vent i lat ion in the 
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study ranged between 0.86 and 1.17m 3 /s with three operat iona l fans.  The 

surface ai r veloc ity  was e ither  0.012 or 0.016 m/s which respects the 

min imum recommended levels of  Gunnewiek et  a l .  (2002)  for long bui ld ings. 

Cordeau and Barr ington (2011)  concluded that wind speed is the main factor,  

besides solar radiat ion, which af fects  the energy recovery ef f ic iency of  

TSCs.  An average wind speed of 2m/s encourages 65% recovery ef f ic iency 

versus 25% for wind speed above 7 m/s.  

CONCLU SION :  

The parameters for h igher TSC eff ic iency in  re lat ion to wind ef fects are:  

low average suct ion veloc ity  (0.02 –0.05m/s) and re lat ively  wide plenum 

(200mm). Wind ef fect  on the TSC performance has an inverse correlat ion 

with suct ion ve loc ity.  However,  the suct ion veloc ity must be maintained at  a 

level  which avoids f low reversal.  The min imum suct ion ve loci ty  possib le  

whi le avoid ing f low reversa l d i f fers according to the bui ld ing shape and TSC 

orientat ion. Suct ion velocity is recommended to excee d 0.017m/s for  long 

frontal - face bui ld ings and 0.026m/s for cubic bui ld ings with  col lectors 

assuming they face in to the wind. Whereas for inc ident wind at  45   to the 

col lector ,  the min imum recommended suct ion veloci ty is 0.039m/s. The wind 

turbulence intensity  negat ively af fects the TSC eff ic iency.  

2.5.6  HEAT  TR ANSF ER  EFFECT IVENESS  

The heat t ransfer ef fect iveness is def ined as “ the rat io of  the actual  

temperature r ise o f  a ir  as i t  passes through the absorber p la te to the 

maximum possible temperature r ise”  (Leon and Kumar 2007, p.  67 ) .  Prev ious 

research has been conducted on heat t ransfer ef fect iveness or TSC 

effect iveness;  however,  both terms refer to  the ef fect iveness of  the TSC 

system. I t  depends on the overa l l  heat  t ransfer coeff ic ient for the a i r  pass ing 

through the TSC. Kutscher et  a l .  (1993)  prov ided an equat ion to est imate the 

heat exchange effect iveness of  the absorber      as fo l lows:  

     
          

           
                            (2-3)  
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Where       represents the col lector ’s surface temperature,  and the other 

terms are def ined in equat ion (2 -2).   

Kutscher (1994)  invest igated convect ive heat t ransfer ef fect iveness for  

low-speed a ir  ve loc ity,  0 to 4m/s,  through perforated plates on the upstream 

face. The study aim is  to opt imise design poros ity.  The researchers 

concluded that heat t ransfer ef fect iveness has a d irect  correlat ion with wind 

speed versus an inverse correlat ion with  suct ion f low rate ,  and pitch and 

diameter of  the ho le.   

Arulanandam et a l .  (1999)  determined the TSC effect iveness in their  

analys is of  heat t ransfer.  They used a model of  c ircular holes on a square 

pi tch under no -wind condit ions. Unl ike Kutscher (1994) ,  the researchers 

model led the back side of  the absorber as an adiabat ic sur face in terms of 

heat t ransfer .  The ef fect iveness depends on certa in factors:  wind speed; 

suct ion ve loc ity;  and geometry of  the plate.  Arulanandam et a l .  (1999)  found 

an inverse corre lat ion between effect iveness and conduct iv i ty  which is 

reviewed under sect ion 2.5.3.  The resu lts presented were in agreement with 

Kutscher (1994)  publ ished data.  

Van Decker et  a l .  (2001)  invest igated ef fect iveness in re lat ion to  heat 

t ransfer at  each of  the plate parts:  f ronta l  surface; the hole;  and the plenum 

(Fig.  2-25).  The research aimed to est imate the ef fect iveness in the 

asymptot ic region under wind condit ions including zero wind speed. Normal ly 

about 62% of the a ir  temperature r ise might occur at  the outer surface of  the 

plate,  28% in the hole,  and 10% on the back side of  the p late (Van Decker et  

a l .  2001).  

The ef fect iveness leve ls f rom 0.32 to 0.91 were ach ieved for the range of 

studied parameters:  suct ion ve loci ty;  wind speed; p i tch and diameter of  the 

hole;  p la te th ickness; and plate thermal conduct iv i ty.  The researchers found 

that ef fect iveness has an inverse corre lat ion with suct ion velocity,  and pitch 

and diameter of  the perforat ion versus d irect  correlat ion with  wind speed and 

plate th ickness. Suct ion veloc ity  and pla te th ickness have the strongest  

impact on ef fect iveness. The results are c onsistent  with Kutscher (1994)  

(F ig.  B-13, Appendix B) except for conduct iv i ty and th ickness which were 

new factors in the study of  Van Decker et  a l .  (2001) .  
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Figure 2-25: Schemat ic  d iagram shows the heat t ransfer  components (Van 
Decker et  a l .  2001) 

Wang et a l .  (2006)  compared the ef fect iveness of  TSCs with  other types 

of  solar a i r  co l lectors which are the f lat -p late col lector and unglazed un -

transpired co l lector (Table B -12, Appendix B).  The ef fect iveness is 

presented as a  funct ion of  two quant i t ies of  heat;  prov ided and received by 

the TSC. They found that  ef fect iveness is  minimal ly af fected by plenum 

width as the s igni f icant part  of  heat exchange process occurs at  the 

absorber sur face. However,  TSCs have the highest ef fect iveness of  more 

than 0.7 when compared to other solar a i r  col lectors ( i .e.  non -perforated 

col lectors and f lat -  p la te col lectors).  Ef fect iveness has d i rect  correlat ion with  

f low rate to a  top ef fect iveness va lue of  0 .8 when the  impact d iminishes 

signif icant ly (Fig.  2 -26).   

 

Figure 2-26: Effect iveness versus f low rate  (Wang et a l .  2006) 
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On the other hand, ef fect iveness had a minimal inverse corre lat ion with  

solar  i rrad iat ion (Fig.  B -15, Appendix  B) ,  a l though, the exit  temperature of  

the heated air is increased (Wang et a l .  2006).  

Leon and Kumar (2007)  carr ied out  a parametr ic s tudy of  TSCs to predic t  

thermal performance in re lat ion to:  poros ity;  a ir  f low; so lar radiat ion; solar  

absorpt iv i ty  and thermal emissiv i ty (Table B -6, Appendix  B).  The 

assumpt ions inc luded a uniform temperature along the plenum and plate’s 

surface,  homogeneous ai r f low through the perforat ions, and negl ig ib le 

convect ive losses       .  The researchers found that heat  exchange 

effect iveness improved from 0.6  to 0.8  for  smal ler  p i tch (12mm) a nd hole 

diameter (0.8mm) (F ig.  B -4, Appendix B) .  Furthermore, ef fect iveness is 

sl ight ly inf luenced by porosity at  an inverse correlat ion. They concluded that 

the heat exchange effect iveness is st rongly inf luenced by solar absorpt iv i ty,  

p i tch,  and a irf low rate against moderate ef fects of  thermal emissivi ty.  

Chan et a l .  (2011)  conducted an exper imental performance of  TSCs 

which invo lved temperature r ise in the plenum. They po inted -out that TSC is 

an appropriate technology for solar heat ing and also reduct ion of  convect ion 

heat loss from the orig inal bui ld ing wal l .  Heat t ransfer of  the TSC occurs at  

three components:  f ront -of-p late surface; the hole;  and the plenum. The key 

factors of  heat t ransfer coeff ic ient are:  the geometry (p i tch and d iameter) of  

the hole and suct ion velocity of  a ir  f low. The researchers acknowledged that 

heat t ransfer in the plenum has been ignored in a number o f  preceding 

studies.  Therefore,  they decided to invest igate the temperature r ise along 

the vert ical a i r  f low at  the back of  the plate .  (Experimental parameters are 

shown in Table B -10 in  Appendix B).  

The overa l l  a ir  temperature r ise by the system is d iv ide d into three parts:  

out let  temperature f rom the system      ;  temperature of  heated a ir in  the 

hole    ;  and the ambient  a ir  temperature     .  The overal l  temperature r ise 

decreases wi th the ai rf low rate.  In the study of  Chan et a l .  (2011)  i t  dropped 

by almost 3ºC as a result  of  increasing the rate of  mass f low by 0 .02kg/sm 2  

(F ig.  B-9, Appendix B).  The tota l  temperature r ise  has a  di rect  corre lat ion 

with  solar  i rrad iat ion (Fig.  B -10,  Appendix  B).  The researchers found that the 

vert ical  a ir  f low temperature r ise             accounts for  about 39 -49% of  
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the overa l l  TSC temperature r ise           .  Thus, ignoring the temperature 

r ise in  the p lenum affects the accuracy of  research outcomes (Chan et a l .  

2011).   

CONCLU SION :   

Heat t ransfer of  the TSC occurs at  three components:  f rontal  sur face; the 

hole;  and the plenum. Although heat t ransfer in the p lenum is ignored in 

some studies,  a s ignif icant amount of  heat  t ransfer occurs there (Fig.  2 -25).   

The key factors of  the heat t ransfe r coeff ic ient are:  the geometry of  the 

hole and suct ion ve locity  of  a ir  f low.  The heat t ransfer ef fect iveness 

depends on a group of  parameters:  heat t ransfer coeff ic ient;  wind speed; 

solar absorpt iv i ty;  and thermal emiss iv i ty.  Effect iveness has a direct  

correlat ion with wind speed, p late th ickness, and solar absorpt iv i ty.  

However,  the ef fects of  f low rate stops when effect iveness reaches 0.8.  

Effect iveness has an inverse corre lat ion wi th suct ion f low ra te,  p i tch and 

diameter of  the hole,  conduct iv i ty,  p lenu m width,  porosity,  solar i rrad iat ion.  

This inverse correlat ion is min imal for so lar i rrad iat ion and poros ity .  

2.5.7  EFFICIENC Y (TH ER MAL PERF ORMA NCE )   

The eff ic iency of  TSC is def ined as “ the rat io of  the useful  heat del ivered 

by the so lar  col lector to the total  solar energy input on the co l lector surface”  

(Leon and Kumar 2007, p.  67 ).  The co l lector ef f ic iency is computed as a 

funct ion of  mas f low rate,  specif ic heat of  a ir ,  output and ambient 

temperature,  so lar rad iat ion and co l lector ’s area according to the fo l lowing 

equat ion.  

   
              

    
                   (2-4)  

Where   is  mass f low rate of  a ir  (kg/s) and the other parameters were 

def ined in  equat ion (2 -2).  The mass f low rate is subst i tuted from the 

fo l lowing equat ion (Hal l  et  a l .  2011):  

                                          (2-5)  
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The      is the cross sect ional area of  the pipe (Badache et a l .  2013).  

The other parameters were def ined in equat ion (2 -2) above.  The TSC 

eff ic iency is inf luenced by the direct  radia t ion losses to the ambient a ir       

that was subst i tuted in equat ion (2 -2) .  The natural convect ive heat losses 

      were noted negl ig ib le  al though i t  remains considered in the above 

equat ion. Conduct ive heat loss was not reported by the researchers.  The 

ef f ic iency is  a lmost  constant when suct ion veloc ity  is above 0.05m/s 

independent of  wind speed. The temperature r ise in the co l lector increases 

with decreasing ai r f low; however,  th is adverse ly af fects the o veral l  

ef f ic iency and increases the importance of  wind ef fects.  Based on th is  

model,  an error of  10 -20% in pred ict ing ef fect iveness leads to 5 -10% error in 

calcu lat ing ef f ic iency; therefore,  a better predict ion model is requ ired (Van 

Decker et  a l .  2001).   

McLaren et  a l .  (1998)  stated that the TSC is classif ied among the most 

ef f ic ient so lar thermal systems avai lable  commercia l ly as i t  absorbs 60 -75% 

of the total  avai lable solar radiat ion. This includes absorb i ng dif fuse solar 

radiat ion which compr ises around 25% of the annual surface radiat ion on the 

Earth.  The ef f ic iency was found to margina l ly decrease with increasing plate 

conduct iv i ty (Arulanandam et a l .  1999 ; Van Decker et  a l .  2001 ).  

In a f ie ld study on a 63m 2  TSC that  was instal led in early 1999, Fleck et  

a l .  (2002) def ined the ef f ic iency as the proport ion of  inc ident so lar heat ing 

that preheats the transpired ai r.  The ef f ic iency of  the TSC was est imated by 

compar ing the overal l  temperature r ise with the change in energy of  

preheated ai r  in  the plenum. Fleck et  a l .  (2002)  found an inverse corre lat ion 

between eff ic iency and solar  i rrad iat ion (F ig.  B-14, Appendix B).  This can be 

in terpreted us ing the concept of  ‘d iminishing return ’.  Higher so lar in tensit ies 

wi l l  cause h igher p late surface temperatures which encourage higher 

radiat ive and convect ive losses. The ef f ic iency was also found to  have an 

inverse correlat ion wi th wind speed (F ig.  B -15, Appendix B).  The peak 

ef f ic iency occurs at  wind speed f rom 1 -2 m/s.  The ef f ic iency was found,  

moreover,  to be in inverse correlat ion with  the turbulence intensit ies.  TSC 

eff ic iency is therefore inf luenced by wind speed, d irect ion, and turbulence in 

addit ion to solar i r radiat ion.  
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Gawl ik et  a l .  (2005)  have presented resul ts indicat ing that e f f ic iency 

varies between 63-84% (Table B-11, Appendix B).  The maximum eff ic iency 

was reported for a 1.6mm a lumin ium absorber with 1.6mm perforat ion 

diameter,  27mm pitch,  0.3% porosi ty and at  0.006 kg/m 2 .s mass f lux.  The 

range in ef f ic iency depends on mass f lux (mass f low rate of  the suct ion a ir  

per col lector ’s un it  area),  p late  geometry,  tem perature r ise ,  and conduct iv i ty.   

Leon and Kumar (2007)  found minimal impact on ef f ic iency by pi tch.  

Increasing pitch f rom 12 to 24mm decreased eff ic iency by 3%. Moreover,  

ef f ic iency is minimal ly  inf luenced by poros ity as a 42% increase in porosity  

drops the e f f ic iency by just  2% (Fig.  B -6, Appendix B).  Eff ic iency 

furthermore has a direct  correlat ion with air  f low ra te (F ig.  2 -27),  solar  

absorpt iv i ty,  and thermal emissiv i ty.  However,  the highest  recorded 

ef f ic iency in the study exceeded 80%. This highest recorded ef f ic iency was 

under the condi t ion of  0.95  solar absorpt iv i ty  of  the col lector.   

 
Figure 2-27: Effect iveness versus f low rate  (approach ve loc ity) (Leon and 
Kumar 2007) 



HASAN JAMIL ALFARRA CHAPTER 2 || BUILDING-INTEGRATED SOLAR ENERGY 

 

Page |  59  

Kozubal et  a l .  (2008)  ment ioned that TSC theory indicates ef f ic iency can 

exceed 70% of inc ident solar radiat ion and th is is backed up with 

performance test ing. Higher ef f ic iency can possib ly be achieved by applying 

a low emiss iv i ty coat ing with good solar absorpt iv i ty to the col lector  surface.  

CONCLU SION :  

The TSC eff ic iency can exceed 80% of the total  rece ived heat ing energy.  

Parameters which support  h igh ef f ic iency are:  mass f lux ( i .e.  0 .006 kg/m 2 .s),  

low suct ion ve loc it y (sect ion 2.5.5),  h igh so lar absorpt iv i ty co l lectors (0.95),  

p late geometry,  and heat t ransfer.  Parameters which adversely af fect  

ef f ic iency are:  wind speed above 2m/s, and turbulent intensi t ies.  Fleck et  a l .  

(2002) noted that ef f ic iency has a sl ight inverse corre lat ion wi th solar 

i r radiat ion. Th is was considered due to higher rad iat ive and convect ive 

losses due to h igher plate temperature that was conf i rmed by Leon and 

Kumar (2007) .  Eff ic iency is considered to be independent of  suct ion veloc ity 

above 0.05m/s.  

 SUMMAR Y  2.6

Energy types used in the bui l t  environment were introduced and 

classif ied according to their source: foss i l  fuel,  renewables, and deployable  

sources. Touching on renewable energy sources and focusing on bui ld ings, 

potent ia l  bu i ld ing - integrated passive and act ive solar energy technologies 

were c lass if ied and descr ibed. Fo l lowing a br ief  considerat ion of  act ive so lar  

energy, t ranspired so lar col le ctor technology (TSC) was int roduced in detai l  

and analysed in terms of i ts forms of integrat ions in bui ld ing enve lopes (wal l  

mounted, roof mounted, and stand -alone) in addit ion to the possibi l i ty of  

combin ing i t  with PV for a hybrid  system. Parameters a f f ect ing the operat ion 

of  TSCs were analysed from the ava i lab le l i te rature.  These parameters 

include the geometry of  the TSC unit ,  conduct iv i ty  of  the co l lector,  solar 

i r radiat ion, wind ef fect ,  heat t ransfer ef fect iveness and ef f ic iency o f  the TSC 

system (Table  2-2).  
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Table 2-2: Compar ison between the ef fect iveness and ef f ic iency of  TSC 
under the inf luence of  other parameters  

Influential  
Parameter  

Determinant Parameters, influence on:  

Effectiveness  Effic iency  

Geometry   

Moderate ef fects  for  
d iameter.  Higher p i tch -
diameter combinat ion has 
lower ef fect iveness.  

 

Moderate ef fects  for  
d iameter.  Higher p i tch -
diameter combinat ion has 
lower ef f ic iency.  

-  pitch d istance 
(12 –  24mm) 

-  diameter (0.8 –  
1.6mm) 

-  plenum width 
(50 –  200mm) 

Min imal ef fect  (a lmost  0.7 
at  200mm versus 0.72 at  
50mm) 

-Data N/A  

-  pitch 
arrangement  

Tr iangular arrangement 
has 0.05 higher 
ef fect iveness than the 
rectangular p i tch  

- Data N/A  

-  Porosi ty  Sl ight ef fect  at  inverse 
correlat ion  

Sl ighter ef fect  than 
ef fect iveness at  inverse 
correlat ion  

-  Plate th ickness  Direct  correlat ion  Direct  correlat ion  

Conductivi ty  Minimal ef fect  ( inverse 
correlat ion)  

Direct  ef fect  

Solar Irradiation  A small  inverse correla t ion  A small  inverse correla t ion  

Wind and 
suction velocity  

Direct correlat ion with  
wind speed versus an 
inverse correla t ion with  
suct ion f low rate  

Inverse corre lat ion with  
wind speed above 2m/s.  
Independent of  suct ion 
veloc ity above 0.05m/s  
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 INTRODUCTION  3.1

This chapter  d iscusses two interre lated terms associated wi th  solar 

technologies that  are  needed to develop and improve the appropr iate usage 

of solar thermal technologies in bu i ld ings.  The f i rst  term is ‘architectural  

integrat ion’ and the second is ‘ techn ological innovat ion’.   

The arch itectural in tegrat ion of  solar technologies in bu i ld ings and 

transpired solar technology in part icular,  a ims to p lace the appropr iate 

technology conf igurat ion in a wel l -des igned context for the whole bui ld ing as 

a unif ied sys tem (sect ion 3.2.2);  th is appl ies to both new bui ld and exist ing 

renovat ion pro jects .  Appropr iate integrat ion is increasingly demanded due to 

the need for at t ract ive architectura l integrat ive qual i ty (sect ion 3.2.3);  to 

cohere and contro l  the interact ion o f  the TSC in the bui ld ing envelopes’ 

funct ions and aesthet ics.  The arch itectura l integrated design process ( IDP) 

involves a core team which is  part  of  the technologica l innovat ion system 

(TIS).  

The TIS was developed as a mechanism to understand the factors  

involved in  develop ing, improv ing and d if fusing technological knowledge. 

This part icular ly appl ies to new technologies (sect ion 3.3.3 i i )  which face 

resistance by exist ing technologies supporters (sect ion 3.3.6).  TIS analys is 

of  the TSC technology wi l l  be valuable ,  s ince the technology is at  an early  

stage of  development,  part icular ly in the UK. The innovat ion system maps 

development in a socio -technical f ramework and has been robust ly appl ied 

for energy technolog ies (sect ion 3.3.1).  The TIS combines struct ura l 

components (sect ion 3.3.3) with mediat ion innovat ive funct ions (sect ion 

3.3.4) and analyses the interact ion between these funct ions (sect ion 3.3.5) 

in order to ana lyse the development  of  new technolog ies.  Furthermore, 

innovat ion systems have been used  to  analyse prob lems in  many renewable 

energy technologies in a systemat ic  manner (sect ion 3.3.6) in order for  

entrepreneurs,  researchers and po l icy makers to propose the appropr iate 

pol icy or  decision at  the most opportune t ime.  

  



HASAN JAMIL ALFARRA CHAPTER 3 || ARCHITECTURAL INTEGRATION AND TECHNOLOGICAL INNOVATION 

 

  Page |  63  

 ARCHIT ECTU RAL INTEGR ATIO N  3.2

Design concepts are  essent ia l ly contr ibut ing to increasing publ ic  

acceptance of  the archi tecture through v isual emphasis of  integrated 

elements in the bui ld ing envelopes. Solar technologies must be regarded as 

archi tectural e lements rather than just  tech nologica l systems producing heat 

or power.  The so lar technolog ies should enhance, accentuate and 

dist inguish the architecture from the mass (Hermannsdörfer and Rüb 2005, 

ci ted in Basnet 2012).  The arch itectural  integrat ion approach del ivers 

compat ib le bu i ld ings w ith important integrated components,  so lar energy 

technologies in part icu lar.   

The bui ld ing -in tegrated solar thermal (BIST),  according to Archibald 

(1999),  was patented in the 1940s by B jorn  Christenson. The  patent 

indicated a “…system adapted to cont rol  the temperature of  a i r  and water for  

domest ic and indust r ia l  use…whereby the condit ion cont rol  is accompl ished 

by solar radiat ion ” (Chris tenson 1949, p.  1 ) .  This integrat ion approach was 

reinforced, accord ing to Hestnes (1996)  in  Task 13 ‘Advanced solar low 

energy bui ld ings’  of  the Internat ional Energy Agency’s So lar  Heat ing and 

Cool ing Programme. The Task was in i t iated in 1989 in Norway and was 

completed in  1996. Lessons learned from Task 13 inc lude: “ I t  is necessary to 

consider the bui ld ing as a system, where the di f ferent technologies used are 

in tegra l par ts of  the whole”  and “Designing new,  innovat ive bui ld ing 

concepts requ ires a mult id isc ip l inary design team ”.  At  th is point  i t  was 

establ ished that  “Act ive solar space heat ing is  techn ica l ly  feas ible but not 

cost ef fect ive” (Hestnes 1996, pp. 12 -13).  This s tatement was concluded 

based on one act ive solar system insta l led on the German house bui ld ing in 

Berl in in a combinat ion with a seasonal storage system. Increasing 

insulat ion leve l was deemed suff ic ient to decrease heat ing demand  and 

therefore decrease the size of  solar heat ing system and seasonal  s torage as 

a successful  step towards cost ef fect iveness  (Hestnes 1996).  The level  of 

insulat ion remains essent ia l  as a passive technique, however,  th is level has 

to be careful ly considered and est imated as addit ional insu lat ion  wi l l  cause  

overheat ing in summer which would increase cool ing loads and demand. 
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This study focuses on the architectura l integrat ion of  act ive  solar  

technologies,  part icu lar ly solar a i r  heat ing,  and to some extent i ts hybrid 

combinat ion with elect r ic i ty generat ion f rom photovolta ics.  However,  pass ive 

design techniques have a special  ne cessity in architecture as stated in Task 

13 “Passive solar gains can make a major contr ibut ion to space heat ing ….”  

(Hestnes 1996, p.  12 ).  Passive solar technology has been thoroughly  

researched (Hestnes 1999; Knight and Rudkin 2000 ; Yudelson 2009; Cles le  

2010) unl ike the yet fert i le research area of  bui ld ing - integrated solar  a i r  

heat ing in arch itecture.  Therefore,  th is resear ch focuses on further 

invest igat ing the architectural  integrat ion o f  solar energy for space heat ing.  

3.2.1  ARCHIT ECTU RAL BUIL DING ENVEL OPES  

Successfu l  arch itecture has to sat isfy three pi l lars:  commodity,  fi rmness 

and del ight as ident i f ied by Wat ton (1624)  in an Engl ish t rans la t ion to the 

or ig ina l work o f  the Roman arch itect  V i t r iv ius (1914)  who f i rs t  out l ined 

these condi t ions.  Architectural systems are “comprehension of  the ordered 

and disordered relat ionships among a bui ld ing’s elements and systems, and 

responding to  the meanings they evoke”  (Ching 2007, p.  x i ) .  I t  compr ises: 

funct ion, form, space, and technics (Fig.  3 -1) .   

 

Figure 3-1: Conceptua l contexts of  arch itecture (Ching 2007) 
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The architectura l mantra “ form fol lows funct ion”  was d ictated by the 

Amer ican architect  Louis Sul l ivan in 1896 (Sul l ivan 1918, pp. 403-409, ci ted 

in Guimerá and Sales -Pardo 2006, p.  1 ).  The funct ion refers to the 

sat isfact ion of  the in tended purpose of  design (sect ion 3.2.3 i )  whereas 

technics refers to the theory,  pr incip les,  or study of  process.  

Form and space refer  to phys ica l status which ref lects  the so l ids and 

voids;  and the exter ior and inter ior.  In 1974, Edmund Bacon stated that 

“Architectura l form is the point  of  contact between mass and space…” (Ching 

2007, p.  33) .  The form is,  however,  an inc lusive term which also refers to 

bui ld ing envelope and integrat ion aesthet ics with in the enve lope. The 

bui ld ing envelope const i tutes the externa l part  of  the form which comprises 

the externa l wal ls,  roof,  openings and shading d evices,  and construct ion 

mater ia ls.  The space is enclosed by the envelope, which of ten encompasses 

the human being (Ching 2007).  People spend a large proport ion of  their l ives 

in enclosed spaces ; therefore,  the spaces deserve at tent ion to  provide 

comfortable and healthy envi ronments for occupants.  

The re lat ion between the indoor heated or cooled space (vo lume) and the 

surface of  the enve lope (area) af fects the thermal performance of the 

bui ld ing. Compact architectural form is idea l for cold c l imate s versus open 

form for hot,  dry reg ions (Nudds and Oswald 2007).  The bui ld ing envelope 

has to sat isfy a wide range of the fo l lowing targeted protect ion and 

regulat ion funct ions (Probst and Roecker 2011 ; Basar ir  e t  a l .  2012 ):  

-  Satisfy  prov is ion of  a i r  t ightness, water sealant propert ies,  and sound 

proof ing.  

-  Protect f rom other int rusions, odours,  and po l lut ion.  

-  Insulate the space f rom winter and night cold ,  and summer heat .  

-  Achieve comfort  of  the occupants whi le min imis ing the use of  

convent iona l energy sources for heat ing, cool ing and power.  

-  Regulate visua l connect ion throughout and al low natura l vent i lat ion, 

day l ight ,  and passive solar  gain.   
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-  Enclose the  indoor space act iv i t ies and l i fe  whi le sat isfy ing design 

privacy.  

-  Determine the arch itectural ident i ty of  the bu i ld ing.  

In order to sat isfy a sustainab le design approach, the opt imum design 

guides of  these parameters should include balanced orientat ion f or  

appropr iate solar gain  and natural l ight ,  and use construct ion materia l  with 

low embodied energy. Accord ing to Bol in (2009),  ef f ic ient integrated bui ld ing 

envelopes he lp reduce energy demand and therefore,  red uce the size and 

cost of  the heat ing system.  

 

3.2.2  INTEGRAT ED DESIGN PR OC ESS ( IDP)  

Integrated design intensif ies comprehensive invo lvement of  a l l  bu i ld ing 

stakeholders in the design process from concept unt i l  hand -over.  Among 

those stakeholders,  designers form mult i -d iscip l inary teams with 

profess ional knowledge and capabi l i ty to integra te the vi ta l  par ts of  the 

whole design (Hestnes 1999; Prowler and Vierra 2008 ).  The whole bui ld ing 

design, a lso known as ‘ Integrated Design Process’  ( IDP) or  ‘ in tegrat ive 

design’ (Rossi et  a l .  2009),  draws a road map for designers and 

stakeholders.  IDP aims to  achieve a successful hol ist ic des ign by fo l lowing 

eight object ives.  As shown in  f igure 3 -2,  these object ives are accessibi l i ty, 

aesthet ics,  cost -ef fect iveness, funct ion, h istor ic preservat ion, product iv i ty,  

secur i ty and susta inabi l i ty (Prowler and Vierra 2008).  

 

Larsson (2002, p.  4)  descr ibed the IDP as  

…a method for rea l iz ing high performance bui ld ings that  

contr ibute to sustainable communit ies.  I t  is  a col laborat ive process 

that focuses on the design, const ruct ion, operat ion and occupancy of  

a bui ld ing over i ts complete l i fe -cycle …. [a l lowing the design team 

to]  develop and real ize clearly def ined and chal lenging funct ional,  

environmental  and economic goals and ob ject ives.  
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Figure 3-2: Design object ives of  the whole bui ld ing design (Prowler and 
Vierra 2008) 

A further important term with in the IDP is the integrated process team 

(Fig.  3-3).  The coherent interact ions of  expert  teams promot e successfu l 

h igh performance outputs.  Al l  stakeholders together are hence involved in  

the seven IDP phases includ ing: p lann ing, design, const ruct ion, and 

operat ion (Prowler and Vierra 2008) (Table  B-14, Appendix B for  select ive  

core team members).  The core team inc ludes the c l ient  as the ul t imate 

decis ion maker,  with the faci l i tator and the project  manager.  The next level  

includes the consult ing teams whereas the outer leve l inc ludes specif ic 

technica l teams (Cole 2008).   

 

Figure 3-3: Integrat ion process team organisat ion chart  (Cole 2008) 
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There are various IDP approaches and methods to match individual  

teams’ coherence and project  nature.  These dif ferences are min imal and 

remain with in a un if ied IDP loop unl ike the convent ional design process 

which has s igni f icant appl icat ion variat ions (BC GBR 2007).  The foremost 

d i f ferences between IDP and convent ional design process are presented in 

Table 3 -1.  

Table 3-1: Dif ferences between integrated de sign process and convent ional  
design process (BC GBR 2007)  

Integrated Design Process Conventional Design Process 

Inclusive from the outset Involves team members only when essential 

Front-loaded - time and energy invested 

early 

Less time, energy, and collaboration exhibited in 

early stages 

Decisions influenced by broad team More decisions made by fewer people 

Iterative process Linear process 

Whole-systems thinking Systems often considered in isolation 

Allows for full optimisation Limited to constrained optimisation  

Seeks synergies Diminished opportunity for synergies  

Life cycle costing Emphasis on up-front costs 

Process continues through post-occupancy Typically finished when construction is complete 

 

Yudelson (2009)  ment ioned that IDP is becoming more common than the 

convent iona l design process . I t  st rategizes energy ef f ic iency and cost 

compet i t iveness through the best des ign pract ice and comprehensive team 

col laborat ion. This process is a core concept of  sustainable (or green) 

bui ld ing.  Successfu l sustainable projects,  however,  are on ly produced via  

the IDP process where the r ight informat ion is avai lable to  the r ight 

stakeholders at  the r ight t ime.  

The IDP technique for so lar  technologies was reinforced,  according to 

Larsson et  a l .  (2002)  and Hestnes (1999) ,  by Task 23 ‘Opt imizat ion of  solar 
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energy use in large bui ld ings’ o f  the Internat ional Energy Agency’s So lar 

Heating and Cool ing Programme. The Task provides necessary opt imisat ion 

exerc ises to ease the integrat ion processes by arch itects and designers.  

These can ensure that the proper i ntegrat ion schemes of solar thermal 

technologies are perfect ly merged into bui ld ing design and const ruct ion. A 

set of  design tools is  made accessib le by Task 23 to promote sustainable 

development.  These tools are categor ised into cr i ter ia and sub -cri ter ia  

(Table 3-2).  However,  not a l l  pr incip les have the same level of  importance to 

stakeholders.  Furthermore,  not a l l  team members va lue the cr i ter ions at  

s imi lar leve ls which di f fer accord ing to each disc ip l ine specia l i ty.  Therefore,  

Task 23 proposed an evalua t ion faci l i ty which is  cal led a ‘star -diagram’ that  

is  shown in the example in f igure 3 -4.  Bui ld ing with “a smal ler  score, and 

therefore a  smal ler ‘ ‘ footprint ’ ’ ,  ind icates better performance” (Hestnes 1999, 

p.  182) .  

Table 3-2: The cr i ter ia  and sub-cr i ter ia used in IEA Task 23 (Hestnes 1999)  

Criteria Sub-Criteria 

Architectural Quality 
  Identity 

  Scale / Proportion 

  Integrity / Coherence 

  Integration in Urban Context 

Indoor Quality 
  Air Quality 

  Lighting Quality 

  Thermal Quality 

  Acoustic Quality 

Environmental 
Loading 

  CO2 Emissions from Construction 

  Annual Operational CO2 Emissions 

  SO2 Emissions from Construction 

  NOx Emissions from Construction 

  Annual Operational NOx Emissions  

Functionality 
  Functionality 

  Flexibility 

  Maintainability 

  Public Relations Value 

Resource Use 

  Annual Electricity 

  Annual Fuel 

  Annual Water 

  Construction Material 

  Land 

Life Cycle Cost 
  Construction Cost 

  Annual Operation Cost 

  Annual Maintenance Cost 
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Figure 3-4: Example of  a ' footprint '  of  a solar  of f ice bui ld ing versus a typical  
of f ice bu i ld ing (Hestnes 1999) 

 THE ROL E OF TH E ARC HITECT  i)

In considering the ro le of  the arch itect  in integrat ing solar technologies 

in bui ld ing enve lopes,  the realm of the architect  extends beyond adding 

technological e lements to include publ ic acceptance, soc ial  in f luence and 

environmental  context (Cles le 2010).  In the convent ional  design process,  the 

archi tect  (or  designer) fo l lows the cl ient organisat iona l ly and leads the ent ire 

team. In an agreement with the cl ient,  the architect  in the convent ional 

design process is  ent ire ly responsible for the design concept through to 

complet ion o f  the pro ject  (BC GBR 2007).  A lthough the IDP team (Fig.  3 -3 

above) can vary,  the archi tect  u sual ly occupies the faci l i tator posit ion who 

often in i t iates,  coordinates, and leads the IDP team (Larsson et  a l .  2002 ; BC 

GBR 2007).  In a survey about d ig i ta l  tools used for solar des ign which was 

targeted at  arch itects  in var ious countr ies,  Horvat et  a l .  (2011)  found that 

53% of the respondents indicated the archi tect  a lone undertook decis ions at  

the conceptual  phase in smal l  projects.  Although part ic ipants indicated 

involving specia l ists a t  the conceptual phase for large projects,  32% of the 

respondents stated the architect ’s so le responsibi l i ty of  decis ion making at  

the conceptual des ign phase. The other special ists were of ten involved in 
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the later  design phases. The arch itect  is fur thermore seen by Kr ippner and 

Herzog (2000,  p.  1)  as one who “des igns and const ructs  bui ld ings [whereas,  

the engineer]  develops components for const ruct ion” .  

Arch itects  therefore,  would have a sign if icant inf luence contr ibut ing to 

the success of  integrat ing solar technologies in bui ld ing enve lopes in order 

to meet envi ronmental and cl imat ic needs (sect ion 1. 3) .  This  inf luence 

includes integrat ing so lar  energy technologies in  new and  ex ist ing bui ld ings. 

The architect ’s ro le  is  the key to successful  integrat ion schemes as they are 

most ly the decision makers at  the ear ly design phase that determines the 

nature,  or ientat ion, shape and potent ia l  s ize and characters of  technologies 

targeted for in tegrat ion. This phase is  of ten the key determinant of  any 

project  (Potvin 2005;  Horvat and Dubois 2012).  Although BIST has been 

recognised s ince the 1940s (Arch ibald 1999 ),  some arch itects,  according to 

Ot is (2011) ,  remain fearfu l  of  taking the decision to incorporate so lar energy 

technologies in the design. However,  i t  is of ten the cl ient who was found not 

to be interested in f inancing solar technologies rather than a lack of  interest  

by arch itects (Farkas and Horvat 2012).  

 PHASE OF INTEGRAT ION  ii)

The incorporat ion of  solar technolog ies in bui ld ing enve lopes could be 

either  super imposed or integrated.  The superimposed appl icat ions are 

deemed to lack arch i tectura l qual i ty (Basnet 2012) as expla ined earl ie r 

( int roduct ion  of  sect ion 3.2).  The integrat ion of  solar  technologies in 

bui ld ings is  gain ing increasing interest by designers.  The integrat ion of  so lar  

e lements however,  must be considered in the early design stages, rather 

than adding them after  the architectura l desi gn or construct ion is completed 

(Hestnes 1999; Horvat et  a l .  2011 ; Farkas and Horvat 2012 ).  This ear ly  

considerat ion is necessary to ach ieve a wel l - fac i l i tated design (Yudelson 

2009) as the decis ions taken and veri f ied in the early design phase were 

found to lead to opimum advantages of  integrat ion and energy use (Larsson 

2002).   
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 COMPATIB IL IT Y VER SU S INVISIBIL IT Y  iii)

‘ Integrat ion’ is of ten used synonymously with ‘ invis ib i l i ty ’  where i t  is 

deemed desi rable to  hide the solar e lements or to match them with other 

bui ld ing envelope elements.  By cont rast ,  a preference for ‘compat ib i l i ty ’  by 

archi tects and/or c l ients sees so lar e lements designed to cont r ibute to the 

overal l  aesthet ic appeal .  The LRE bu i ld ing in  Switzerland (Fig.  3 -5) 

presented an example where solar e lements were designed si mi lar to other 

bui ld ing elements.  The orig inal meta l c ladd ing panels  below the f i rst  f loor 

windows were replaced by solar panels (Sick and Erge 1996,  ci ted in 

Hestnes 1999).  Th is  is an example that  exist ing bui ld ings can receive 

supplementary integrat ion of  solar energy technolog ies ,  whi le retain ing an 

elegant aesthet ic appeal.  Therefore,  i t  was aesthet ic compatab i l i ty of  solar 

e lements as design features rather than invisib i l i ty which was the goal of  the 

archi tectural des ign  of  the LRE bui ld ing modi f icat ion .   

 

Figure 3-5: The LRE bui ld ing at  EPFL (École Polytechnique Fédérale de 
Lausanne) in Lausanne, Switzer land (Sick and Erge 1996)  

3.2.3  ARCHIT ECTU RAL INTEGR ATION QU ALIT Y  

The arch itecture compr ises planning, design, and construct ion 

ref lect ing funct iona l,  cultural ,  soc ial ,  technica l,  env ironmental and 

aesthet ica l considerat ions (RIBA 2013).  The percept ion of  architecture  

therefore is bui l t  on a contextual compromise of  e lements inc luding 

cultural ,  socia l  and technological  factors.  This compromise is  bui l t  

experient ia l ly  through sequent ia l  development by t ime ; that ref lects the 
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indiv idual ’s  object ive and subject ive st imul i  of  understanding  

(Oostendorp and Berlyne 1978 ; Ching 2007).  This concept const i tu tes an 

integra l part  of  th is study which is concerned with a carefu l  considerat ion 

of  the arch itectural  percept ion of  TSC technology.  

As reported by Krippner and Herzog (2000)  and Probst and Roecker 

(2011),  the qual i ty of  archi tectural integrated solar thermal was def ined as 

the interact ion of  so lar thermal co l lectors in the bui ld ing enve lope in a 

control led and coherent manner.  Th is interact ion should  s imul taneously 

sat isfy the funct ional,  construct ive,  and aesthet ic aspects of  architectural  

design.  

When technology integrat ion is involved, the three pi l la rs for successfu l 

archi tecture that introduces in s ect ion 3.2.1 would be equiva lent in the 

modern language to the fo l lowing (d’Aquin and Gangem 2011 ) :  

-  Durabi l i ty that  to sat isfy a robust integrat ion  

-  Uti l i ty that technology should f i t - for -purpose  

-  Beauty that aesthet ica l ly p leasing  

The term ‘So lar Arch itecture’ combines se lect ive features of  passive 

solar thermal  design (sect ion 2.3 .1),  day l ight ing , natural vent i la t ion and 

act ive solar thermal  technologies (sec t ion 2.3.2).  Accord ing to Probst and 

Roecker (2011) ,  funct ional and construct ive elements to faci l i tate  integrat ing 

solar  thermal technologies into façades are wel l -matured.  However,  the 

aesthet ics and the acceptable percept ion of  solar therma l remain massive ly 

underest imated. The reasons behind th is l imitat ion include: i )  the absence of 

re levant studies and invest igat ions; i i )  the archi tect  has a lmost no inf luence 

in the development of  solar thermal;  and i i i )  the aesthet ics in the technica l 

development of  solar thermal systems is usual ly perceived as an indef in i te 

and subject ive matter.   

However,  many of  the current solar thermal instal lat ions in bu i ld ings 

have been assessed as having poor architectural qual i ty which d iscourages 

the potent ia l  development of  integrat ion reg imes (Probst and Roecker 2007 ).  

Offsi te solar insta l lat ions for example are a possible opt ion but not 

sustainab le due to occupying land, energy waste in the pipe l ines and extra  

http://www.daviddarling.info/encyclopedia/P/AE_passive_solar_energy.html
http://www.daviddarling.info/encyclopedia/P/AE_passive_solar_energy.html
http://www.daviddarling.info/encyclopedia/D/AE_daylighting.html
http://www.daviddarling.info/encyclopedia/A/AE_active_solar_energy_system.html
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cost ,  therefore,  bui ld ing insta l lat ions are to b e targeted to achieve a  

compet i t ive,  sustainable and af fordable  source of  energy into bui ld ings.   

Solar co l lectors in bu i ld ings are commonly mounted onto bui ld ings ’  roofs  

as pure technical  e lements.  Roofs are usual ly  out of  s ight,  especial ly  in  

mult i -story bui ld ings, and by plac ing the solar co l lectors there designers 

t r ied to  hide them to avoid negat ive impacts on the aesthet ic of  bui ld ings.  

There is an increasing demand for at t ract ive  architectura l integrat ion which 

solves energy prob lems and mi t igates c l imate change. For a so lar thermal 

scheme, th is  integrat ion should combine passive design techniques as a  

basic requis i te.  In the meant ime, the integrat ion of  solar  thermal 

technologies has to supply the demanded energy for both new bui ld and 

exist ing pro jects (NREL 2011).  

 FUNCTION AL ASPECTS  i)

The funct ion of  integrat ing solar thermal in arc hi tectural enve lopes has 

severa l advantages that exceed economic feasib i l i ty to act  as mult i -

funct ional integral e lements.  These mult i - funct ions combine architectural  

design needs ( i .e.  c ladding, roof  t i le,  g laz ing, and shading devices)  and 

technica l energy purposes ( i .e.  heat ing, coo l ing, and power) (Hestnes 1999; 

Probst and Roecker 2011).  El iminat ing the need for new land and addit ional  

support  st ructure prov ides a further advantage of  cost saving (Basnet 2012). 

Accord ing to  Archiba ld (1999) ,  the TSC for instance,  resists  wind and 

provides externa l façade cladding in addit ion to exist ing façade insulat ion. 

BiPV and other solar  technologies cou ld sat isfy :  c ladd ing elements,  day 

l ight ing, sun shading,  noise reduct ion,  e lectr ic i ty product ion (Benemann et 

a l .  2001),  and heat  insulat ion (Montoro 2008).   

Hence, so lar  systems contr ibute to reducing the total  costs and improve 

the integrat ion design process. So lar systems in the integrated design 

approach would be a fundamental e lement of  solar architecture.  The 

funct ions o f  so lar technologies have been discussed  in sect ions 2.3  and 2.4.   

Arch itectural form fo l lows funct ion (sect ion 3.2.1);  Probst  and Roecker 

(2011) c la imed that the mult i - funct iona l feature of  a solar co l lector leads to  

easier aesthet ic integrat ion. This feature gives arch itects the o pt ion to 
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deploy fewer elements to achieve the designed funct ion. Furthermore, the 

mult i - funct ional i ty contr ibutes to the construct ive aspects (sect ion 3.2.3i i )  

through el iminat ing construct ion t ime, p lanning, and ef fort .  Therefore,  the 

mult i - funct ional i ty is an ef fect ive feature to archi tectural qua l i ty.   

Figure 3-6 shows an example o f  evacuated tubes used as sun shading 

and dayl ight contro l  in  addit ion to water heat ing. Evacuated tubes could also 

be used as a balcony fence.  

 

Figure 3-6: Mult i - funct ional  evacuated col lector (sun shading and day 
l ight ing cont rol ) .  Schott -Rohrglas company and Stut tgart  Univers i ty (Probst 
and Roecker 2011)  

 CONSTR UCTIVE ASPECT S  ii)

Construct ion characterist ics have fundamental considerat ions in the 

integrat ion process. The technica l specif icat ion of  the integrated solar  

technology must comply with the re lated bui ld ing codes and standards. 

These standards inc lude loadbearing of  wal ls and roof,  a i r  cav ity vent i la t ion 

and thermal br idg ing,  and type of  host ing mater ia l  (Kr ippner and Herzog 

2000; Probst and Roecker 2011 ) in terms of r ig id i ty,  re l iabi l i ty,  l i fe cyc le,  

soundproof ing, f i re res istance, and thermal t ransmit t ing speci f ica t ions.  

Further at tent ion is g iven to  the so lar  technology specif ic i t ies in the 

integrat ion, which focus on the specif icat ion of  solar co l lecto rs.  The 

technology has to be safely and accessibly posi t ioned with in the bui ld ing 

envelope to avoid possib le water leakage that leads to fabric  damage. 

Moreover,  host ing and adjacent envelope materia l  to  solar col lectors should 
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to lerate  the co l lector ’s  temperature,  and heat  t ransfer  d i f ferences for PV and 

TSC technolog ies.  Hence, the development of  system f ix ing and jo int ing to 

al low for su itable  expansion detai ls  which comply with the construct ion 

engineering. The possibi l i ty of  vandal ism and access to hot  surfaces by 

chi ldren, especia l ly  for ung lazed co l lectors,  should  be evaluated 

appropr iately .  Furthermore, the integrat ion of  solar technology should sat isfy  

adequate vapour t ransfer and avo id condensat ion on both the co l lector and 

the adjacent enve lope pa rts (Probst and Roecker 2011 ).  Brown (2009) 

further addressed number of  factors to be considered in the const ruct ion of  

t ranspired so lar technologies in bui ld ings.  These fact ors should include 

archi tectural style,  no ise of  the fan, design conf igurat ion and performance of 

the technology.  

 AESTH ETIC S  iii)

Façade is or ig ina l ly a  French word from the I ta l ian facc iata f rom the 

seventeenth century and def ined as the “ the front of  a bui ld ing [or ]  any face 

of  a bui ld ing given special  arch itectural t reatment ”  (Merr iam-Webster n.d. ).  

Façade is a lso considered to be the publ ic  appearance or  i l lusion of  

archi tecture.  The in tegrat ion of  solar technologies and dif ferent architectural  

e lements is necessary to fu l f i l  the funct ion and construct ion standards in the 

bui ld ing enve lope. This integrat ion is furthermore cruc ial  to present coherent 

and control led aesthet ic conf igurat ion of  these elements (Nikolaus et  a l .  

1981, ci ted in Probst and Roecker 2011 ) in harmony with the overal l  design 

concept (Kr ippner and Herzog 2000; Kovács et  a l .  2003 ).  The aesthet ics of  

solar integrat ions general ly leave room for enhancing the architectural  

appearance of  bui ld ings (Basnet  2012).  

Probst and Roecker (2011)  conducted a quest ionnaire to  invest igate the 

qual i ty o f  arch itectural integrat ion of  bu i ld ing -integrated so lar  thermal 

systems (BIST) in Europe using ten examples of  solar technology 

appl icat ions in bui ld ing envelopes. The researchers had European archi tects  

and engineers rate the architectura l qual i ty of  these examples. Façade 

integrat ion qual i ty  of  g lazed col lectors into a  balcony (Fig.  3 -7) was rated as 

the best out of  the ten examples (+76% average arch itects rat ing).  TSC at  
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an industr ia l  fac i l i ty (F ig.  3 -8) was rated the second best example of  

integrat ion qual i ty (+54%). A case of  TSC integrat ion on a  gymnasium at a  

Canadian school was rated as just  acceptab le (+29%), i ts dark blue colour 

was perce ived as a drawback (Fig.  3 -9) and the integrat ion in th is  bui ld ing 

was deemed as ‘super imposed’ on the u pper part  of  the e levat ions.  

 

Figure 3-7: Glazed col lector  at  Upperstage cent re in Germany (Probst  and 
Roecker 2007) as arrowed  

 

Figure 3-8: TSC industr ia l  Canadair faci l i ty in Canada (SolarWal l  1996) 
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Figure 3-9: Gymnasium bui ld ing, Canada (Probst and Roecker 2007 ) 

The blue colour of  the col lectors was found to be either bad o r  just  

acceptable in the survey (Probst and Roecker 2011).  Although wel l  rated 

cases have b lack colour modules, 85% of archi tects in an Aust r ian study 

preferred co loured co l lectors even at  s l ight ly lower ef f ic iency (Bergmann 

2002, ci ted in Probst and Roecker 2007 ).  

3.2.4  DESIGN  GUIDEL INES  

The fol lowing recommended general guidel ines when integrat ing solar  

technology were found from the l i te rature.  Al l  of  these would be appl icab le  

to TSC, however,  there are case -to-case var iat ions accord ing to geographic  

locat ion, cultural  d i f ferences, and sty le of  archi tectural des ign that af fect  

s ize,  or ientat ion and requirements of  the TSC system design:  

-  Shading to be avo ided on the solar col lector (L ise l l  et  a l .  2009) as 

th is reduces ef f ic iency.  

-  Possib le noise f rom the operat ing fan has to be considered in 

evaluat ing the occupants’  comfort .  Therefore,  sound si lencers could 

Transpi red So lar  Col lector  
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be insta l led along with  high qual i ty fans. Rel iab i l i ty  and cost  

ef f ic iency must  be considered when se lect ing fans (Brown 2009).  

-  Air qua l i ty near an a ir  heat ing solar co l lector is ext remely sensit ive.  

Adjacent car park ing,  for example, would al low exhaust fumes into 

the indoor environment (Brown 2009).  Therefore a di f ferent 

arrangement is necessary.  

-  For warehouse and industr ia l  bu i ld ings,  i t  is  advisable to avo id 

al locat ing large openings and doors on the south façade (Brown 

2009).  

-  An automatic ON/OFF swi tch is recommended to contro l  the heat ing 

quant i ty and qual i ty (Brown 2009).  However,  automat ic shutdown 

should be mandatory in  the case of  f i re.  

-  Auxi l ia ry heat ing technology is expected to co -ex ist  with the TSC. In 

the absence of  such heat ing, e i ther some form of thermal storage 

should be insta l led,  or per iods of  thermal  d iscomfort  are possible 

(Hal l  et  a l .  2011 ).  

 

Having studied the architectural integrat ion o f  TSC technology, there is a 

need for wel l -des igned integrat ion schemes of solar technologies in 

bui ld ings that would need a systematic design process. The IDP faci l i tates 

appropr iate integrat ion of  solar technolog y as i t  intens if ies the 

comprehensive invo lvement of  a l l  bu i ld ing stakeholders.  Th is is of  

considerable importance in the absence of  a comprehensive set of  design 

guidel ines specif ic to  TSC; IDP would better manage cost  and resources 

during the design process by considering technology integrat ion opt ions at  

an early stage of  design (sect ion 3.2.2i i ) .  Solar technolog ies are be ing taken 

up in a way which ut i l ises the ir fu l l  potent ia l  to cont r ibute to low -carbon 

energy in bui ld ings. I t  has been predicted that a change is needed to 

approach technical  development.  For th is  reason an analys is  of  the 

innovat ion system around th is technology seems appropr iate.  
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 INNOVAT ION STUD IES IN  THE CONTEXT OF  SOCIO -TECH NICAL  CH AN GE  3.3

Innovat ion stud ies gained importance for address ing energy cha l lenges 

such as: energy secur i ty,  energy poverty,  a i r  and water pol lut ion, and global 

c l imate change (Gal lagher et  a l .  2012).  This sect ion int roduces the 

innovat ion system studies that  address technical  change in a  soc ial  context,  

and contr ibute to developing,  d i f fusing and ut i l is ing new products.  The 

structure of  th is sect ion is der ived f rom a scheme of ana lys is p roposed by 

Bergek et  a l .  (2008)  as a guide l ine for  researchers to  analyse innovat ion 

systems for a technology. I t  expla ins the development of  innovat ion systems 

( i .e.  l inear,  nat ional,  sectoral ,  and t echnologica l) preceded by a brief  

h ighl ight  of  socio -technical change.  

Given the emerg ing nature of  TSC in the UK, th is research focuses on 

the technologica l innovat ion system (TIS) as deemed the most appropriate to 

analyse technolog ies in the format ive st age. This sect ion therefore 

highl ights the TIS def in i t ion,  components dynamics, funct ions, interact ion 

between funct ions and systemat ic problems.  

 

SOCIO -TECH NICAL  CH AN GE  

The development and improvement process of  invent ion, innovat ion, and 

dif fus ion of  technology throughout indust ry or society is known as 

‘ technolog ica l change’.  Technological change involves procedures, adopters,  

and governances who are profoundly af fected by mark et  structure,  

regulat ion, indust r ia l  networks, cu ltura l  set t ing, and pol i t ica l  inst i tut ions 

(Jaffe et  a l .  2002 ; Hekkert  et  a l .  2007; Bergek et  a l .  2008 ).  The terms 

‘ technolog ica l change’ and ‘soc io - technical  change’  were used 

in terchangeably by Hekkert  and Negro (2009, p.  584) ;  they noted that 

”Technological change always co -evo lves with changes in the social  

system” .  Th is  is  t raceable back to an early work on the rate of  adopt ion in 

innovat ion  di f fusion by Rogers (1962)  which is the “re lat ive speed with which 

an innovat ion  is  adopted by members of  a social  system”  (Rogers 1962, p. 

206).  The key variab les determin ing th is rate  of  adopt ion are soc ial  system, 

t ime,  innovat ion and communicat ion  (Rogers 1962).  These variables were 
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however addressed in the  deve loped innovat ion systems that being 

discussed in the fo l lowing sect ions.  The concept of  technology combin es two 

interrelated terms: f i rst ,  the artefact  (hardware such as a  product and 

software such as process or code) and second, technica l knowledge (Bergek 

et  a l .  2008) .   

Innovat ion studies have increasing ly focused on the emergence of  

sustainab le energy technologies into the market (Coenen and Díaz López 

2010).  In recent  stud ies such as Geels (2002),  Smith  et  a l .  (2005)  and Kemp 

et a l .  (2007) ,  the economic re -st ructure of  sustainab le energy has been 

referred to as the process of  sustainab le socio - technical change, industr ia l  

t ransformat ion and socio - technolog ica l t ransit ions (Hekkert  and Negro 

2009).  Socio-technica l f ramework has been robust ly app l ied in  prev ious 

studies (Jacobsson and Bergek 2011 ; Wi lson and Grub ler  2011 ;  Hawkey 

2012; Lai et  a l .  2012; Negro et  a l .  2012a ; Smith et  a l .  2013 ) wi th a 

consis tent emphasis on applying the concept of  change and transit ion 

management.  The term t ransit ion invo lves the system -wide interact ion and 

co-evo lut ion of  new technologies,  changes in markets,  user pract ices, pol icy 

and cultural  d iscourses, and governing inst i tut ions (Geels et  a l .  2008; 

Coenen and Díaz López 2010 ).  The socio -technical change, hence, refers to  

a dynamic interact ive development of  technology wi th in a system. This 

development is not an autonomous process;  therefore,  there is a necessi ty  

for a st rateg ic management of  technological change.  

 

3.3.1  THE DEVEL OPMENT OF INNOVATION  SYST EMS  

The not ion of  innovat ive studies was p ione ered as a systematic concept 

in the 1980s. Fol lowing work on the nature of  innovat ion by Schumpeter  

(1934),  Freeman (1974)  and Gibbons and Johnston (1974) ,  scho lars have 

developed a substant ia l  l i te rature  on the process o f  innovat ion in techno -

economic,  engineer ing and related f ie lds (Dodgson and Hinze 2000 ; 

Car lsson 2006).  These studies addressed the soc ietal  st ructure of  change in 

technology and economic growth with in nat ions, reg ions, sectors and 

technological boundaries.   



HASAN JAMIL ALFARRA CHAPTER 3 || ARCHITECTURAL INTEGRATION AND TECHNOLOGICAL INNOVATION 

 

  Page |  82  

Innovat ion refers to  improved product,  tangible processes or serv ices 

which are technolog ical ly novel (Edquis t  2005, ci ted in Coenen and Díaz 

López 2010) .  Th is di f fers f rom ‘ invent ion’ which is the creat ion or 

‘breakthrough’ idea. Accord ing to Schumpeter (1934) ,  invent ions could 

become an innovat ion only when a carr ier,  usual ly an ‘ent repreneur ’ ,  

commercia l ises that invent ion (Wang 2011).  Innovat ion is rather an act iv i ty  

that occurs in a context of  a wider system which is recognised as the 

‘ innovat ion system’ (Vasseur et  a l .  2013 ).  Innovat ion systems have dif ferent 

definit ions; a lmost a l l  of  them share a  common concept that derived from one 

of the early defin it ions: “…systems of innovat ion are networks of  inst i tut ions, 

publ ic or pr ivate,  whose act iv i t ies and interact ions in i t iate,  import ,  modify ,  

and dif fuse new technologies”  (Freeman 1987, ci ted  in Hekkert  and Negro 

2009, p.  585).   

The innovat ion system has a pr imary goal that contr ibutes to the 

improvement,  knowledge development and dif fus ion (Hekkert  and Negro 

2009) of  a product,  process or service. Therefore,  there is an increasing 

emphasis amongst scholars on the innovat ion system as a learn ing process 

rather than a mater ia l  development  (Schumpeter 1934, ci ted in Suurs 2009 ; 

Lundval l  2010 ).  

For the purpose of  study and analys is,  Edquist  (2005)  recommended that  

boundaries should be drawn around innovat ions to simpl i fy  the analys is 

process. These boundaries cou ld be: i )  geographic a reas such as 

internat ional,  nat iona l ,  or  reg ional;  i i )  technologica l f ie lds;  i i i )  product  

sectora l area; or  iv) type of  act iv i t ies.  Each prospect ive innovat ion system is 

to be studied in associat ion to i ts ind igenous environment and context 

(Coenen and Díaz López 2010 ).  

Various concepts and theories have formed the development  of  the 

innovat ion system approach s ince the 1980s (Hekkert  et  a l .  2007).  This 

development is represented in f igure 3 -10.  
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Figure 3-10: The deve lopment of  innovat ion processes and system, adapted 
from Gal lagher et  a l .  (2012)  and Leete et  a l .  (2013)  

 

 L IN EAR INN OVATION PR OC ESS  i)

Before the considerat ion of  innov at ion systems in the 1980s, innovat ion 

was considered as a  simple  l inear sequent ia l  process with emphasis on 

research and development leading to commercia l  development .  This was 

proposed based on the tradit ional theoret ical understanding of  the 

interact ion between sc ience, technology and economy (Godin 2008;  Lai et  a l .  

2012).  The f i rst  generat ion was ca l led ‘ technology push’,  where the market 

has been considered as a receptac le for new technology. This was fo l lowed 

by ‘demand -pul l ’ ,  where the need was the drive for innovat ion. The th ird  

generat ion was ca l led the ‘push -pul l  mode l ’ .  They were fo l lowed by the 

in tegrated model and thereafter  the network ing model;  which added new 

factors in to the innovat ion processes such as includ ing jo int  ventures, 

col laborat ive research, and col laborat ive market ing arrangements (Rothwel l  

1994, ci ted in Dodgson and Hinze 2000 ).   

Processes  

Components  
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 STRUCTURAL  INN OVATION SYSTEMS  ii)

The l inear model has been found insuff ic ient when addressing the 

mechanism of  innovat ion development in recent decades (Lai et  a l .  2012).  

Therefore,  a systemic process started forming an inno vat ion system (Fig.  3 -

10 above).  Th is system included a dynamic network with in i ts processes and 

components.   

There are four common frameworks of  innovat ion systems as briefed  

hereafter:  Nat iona l (NIS),  Regional (RIS),  Sectoral (SIS) and Technologica l  

(TIS) Innovat ion Systems (Car lsson 2006; Wang 2011).  Other concepts of 

innovat ions systems such as internat iona l  (Car lsson 2006) and socio-

technological (Coenen and Díaz López 2010 ) appeared in few l i tera ture 

sources that  however could be analysed as dimensions with in any of  the four 

common innovat ion systems. Eva luat ion of  the internat ional  d imension with in  

TIS, for instance, was studied by Gal lagher et  a l .  (2012)  and Vasseur et  a l .  

(2013).  

 

a. NATIONAL  INN OVATION  SYST EM (NIS):  

This system was def ined as “a set of  inst i tut ions whose interact ions 

determine the innovat ive performance … of nat ional f i rms” .  The system 

however has no presumption o f  a conscious or coherent dynamic between 

the invo lved actors (Nelson 1993, p.  349 ).  The NIS has been der ived f rom 

the economic importance of  knowledge. Th is f ramework sets geographica l 

boundaries to the knowledge f low and innovat ion development.  

 

b.  REGION AL IN NOVAT ION SYST EM (RIS)  

The NIS has not provided adequate support  for rural  reg ions and for 

smal l  and med ium-s ized f i rms in part icu lar.  The nat ional pol icy of  centra l  

governments encountered dif f icul t ies in addressing the regional  

d i f ferent iat ion. Therefore RIS came to address these dif ferences in 
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innovat ion development (Hassink 1992,  c i ted in Wang 2011 ).  The RIS has 

the same character ist ics as NIS but over a sm al ler geographic area.  

 

c.  SECT ORAL  INN OVATION  SYST EM (SIS)  

The most comprehensive descript ion of  SIS is:  

…composed of a set of  new and establ ished products for specific 

uses, and a set of  agents carry ing out act iv i t ies and market and non -

market interact ions for the creat ion, product ion and sa le of  those 

products (Malerba 2004, p.  16 ).   

The framework of  SIS, t rad it iona l ly,  has been used to eva luate the 

interact ion of  exist ing indust r ies  with a l i t t le empir ical app l icat ion on 

emerg ing innovat ion systems. These act iv i t ies were unif ied to a certa in  

group of  l inked products or processes (Malerba 2004; Coenen and Díaz 

López 2010; Vidican et  a l .  2012).  

 

d.  TECH NOL OGICAL INN OVA TION  SYST EM (BRIEF INT RODU CTION )  

The TIS is not associa ted with geographic  borders,  a l though the nat ional  

level of  innovat ion remains important s ince i t  inf luences the creat ion of  

internat ional technological deve lopment.  The TIS however could be studied 

at  nat ional,  regional and internat iona l leve l.  The TIS acknowledges that 

there are socio - indust r ia l  d i f fe rences, economic competence and inst i tut ional 

d i f ferences among areas and sectors.  (Carlsson 2006; Coenen and Díaz 

López 2010; Wang 2011).  The TIS is further detai led in a separate sect ion 

(3.3.2) due to i ts ind ividual i ty and s ignif icant re levance to the innovat ive 

development  of  TSC technology t hat is the core focus of  th is  research.  

Figure 3-11 shows a schemat ic re lat ion between TIS and other systems of 

innovat ion.   
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Figure 3-11: Schemat ic re lat ions between Technologica l and Geographica l 
Innovat ion Systems, developed from Hekkert  et  a l .  (2007)  

 MULTI -LEVEL  INN OVATION SYSTEM  iii)

Smits et  a l .  (2010)  dist inguished between two terms in innovat ion 

processes: f i rst ,  ‘st ra tegic innovat ion po l icy’  which deals with  structura l 

change in innovat ion systems and second,  ‘operat ional  innovat ion pol icy’  

which focuses on gradual improvement of  innovat ion systems in  steady state  

si tuat ions. Bu i ld ing on th is terminology,  Weber and Rohracher (2012)  

in troduced a term of ‘mult i - leve l innovat ion system’ which bui lds on a not ion 

of  ‘ t ransformat ion -or iented innovat ion pol icy ’ .  They have argued that th is 

concept complements structura l innovat ion systems  and focuses on the 

strateg ic t ransformat ion of  the ent ire innovat ion system a long with the 

product ion and consumption operat ions .   

I IS :  i n ternat ional  innovat ion system  

NIS :  nat ional  innovat ion system  

RIS :  regional  innovat ion  system  

SIS :  sectoral  innovat ion  system 

TIS :  technolog ical  innovat ion system  
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The structura l innovat ion systems (NIS,  RIS, SIS, and TIS) were seen by 

Weber and Rohracher (2012)  as emphasis ing the f i rms’ ro le as key actors in 

the economic growth and innovat ion deve lopment contexts ( i .e.  knowledge 

infrastructure,  f inancial  capacity,  research and development,  patent 

legis lat ion and government incent ives) .  The systems were moreover 

cr i t ic ised by Alkemade et a l .  (2011)  and Tukker et  a l .  (2008)  as focusing on 

the opt imisat ion of  inst i tut iona l pol ic ies,  and ignor ing the t ransformat ion of  

the ent ire system of  product ion and consumpt ion.  

Although the TIS has not addressed broader t ransformat ion -oriented 

innovat ion po l ic ies,  the TIS analys is remains rel iable to provide the 

foundat ion for  technology -specif ic pol ic ies.  Weber and Rohracher (2012)  

have nonetheless acknowledged that  TIS has gained increased attent ion 

over other structural innovat ion syste ms,  as adapt ing to  the t ransformat ions 

of  the techno-economic envi ronment .  The researchers furthermore 

acknowledged that TIS analyses the chal lenges of  t ransformat ive change to 

some extent,  for instance in f ie lds such as renewable energy technologies.  

The TIS moreover was seen as contr ibut ing to improving technology -specific 

development and dif fusion which supports the socio -technica l conf igurat ion 

of  change (Weber and Rohracher 2012 ).  The innovat ion systems,  includ ing 

the mul t i - level approach, are  however,  complementary in the ir  focus (Weber 

and Rohracher 2012 ) and the di f ference between them remains a matter  of  

boundaries;  e i ther geographic or socio -technical (Suurs 2009).  

3.3.2  TECH NOL OGICAL INN OVA TION  SYST EM (TIS)  -  DETAIL  

In the ear ly 1990s,  researchers not iced that economic growth is 

determined by the development potent ia l  of  a country.  Technologica l 

systems are deemed to be the core funct ion of  th is development  where a 

varie ty of  economic agents part ic ipate.  Th is  was an outcome of a f ive -year 

research f ramework ‘Sweden’s Technologica l Systems and Future 

Development Potent ia l ’  (Coenen and Díaz López 2010 ; Wang 2011).  In th is 

f ramework, the technologica l innovat ion system was deve loped and def ined 

as a dynamic “… network of  agents interact ing in a  specif ic 

economic/ industr ia l  area under  a part icular  inst i tut ional inf rast ructure and 

involved in the generat ion, d i f fus ion, and ut i l isat ion of  technology”  (Carlsson 
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and Stankiewicz 1991, p.  111 ).  Dif ferent to  other innovat ion systems, the 

TIS expla ins the knowledge dif fusion and creat ion in more depth and focuses 

on the dynamics of  interact ion (Wang 2011; Lai et  a l .  2012).  

The dynamics were discarded by many researchers in NIS, RIS, and SIS 

innovat ion systems as they are usual ly d i fficult  to map due to  the large 

number o f  actors,  re la t ions,  and inst i tu t ions those systems comprise (Gal ia 

and Legros 2004;  Kle in Woolthuis  et  a l .  2013 ).  A comprehensive insight into 

the dynamics of  TIS is therefore possible due to the smaller number of  

actors,  networks, and inst i tut ions related to a specif ic new technology  

(Hekkert  et  a l .  2007 ; Hekkert  and Negro 2009).  

The TIS has been presented as an ef fect ive  tool for entrepreneurs and 

pol icy makers to fac i l i tate the emergence of  new technologies and to 

enhance the funct ion ing of  mature technologies rather than to rect i fy 

indiv idual market fa i lures  (Negro et  a l .  2012a).  The TIS is of ten analysed in  

terms of i ts system components (sect ion 3.3 .3),  funct ions (sect ion 3.3.4) and 

i ts interact ive dynamics (sect ion 3 .3.5).  Figure 3 -12 i l lust rates a schemat ic 

organis ing these contexts of  TIS as expla ined in the fo l lowing sect ions:  

 
Figure 3-12: Schemat ic d iagram of TIS context,  der ived f rom Vid ican et  a l .  
(2012) and Bergek et  a l .  (2008)  
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3.3.3  STRUCTURAL  COMPON ENTS  

The innovat ion systems consist  of  three structural  components:  actors 

(3.3.4i ) ,  inst i tut ions (3 .3.4i i ) ,  and networks (3.3.4i i i ) .  These components are 

appl icab le to a l l  st ructura l innovat ion systems; however,  they have been 

considered extensively  by TIS researchers ( i .e.  Vid ican et  a l .  2012 ;  Vasseur 

et  a l .  2013) .  

 ACT ORS  i)

The term ‘actors ’  usual ly  refers to f i rms, organisat ions, author i t ies,  and 

indiv iduals invo lved in the innovat ion development of  an emerg ing 

technology. Malerba (2005, p.  390)  stated that “ f i rms are the key actors in  

the generat ion, adopt ion, and use of  new technolog ies” that  lead the 

systematic soc io - technical change. These primary actors are responsible f or 

bui ld ing and adapt ing broader inst i tut ional st ructures that develop the 

emergence of  new technology (Coenen and Díaz López 2010 ; Musiol ik et  a l .  

2012; Vidican et  a l .  2012).  Secondary actors ( i .e.  un ivers i t ies,  research 

inst i tutes,  f inancia l  organisat ions, publ ic faci l i t ies,  and local authori t ies) a lso 

play a sign if icant complementary ro le in the process of  innovat ion 

development.  The encouraging interrelat ions between actors as an 

interconnected chain  are necessary to start  investment in innovat ion 

development.  

 INSTIT UTION S  ii)

The concept of  inst i tut ions as rules and regulat ions , was used by Smith  

(2000) whereas Carlsson and Jacobsson (1997)  referred to organisat ions as 

inst i tut ions. Th is part icular example adds a  terminolog ica l confus ion in the 

TIS as acknowledged by many researchers (Kle in Woolthuis et  a l .  2005 ).  

Innovat ion researchers,  part icu lar ly economists ,  used the term ‘ inst i tut ions ’ 

to specif ica l ly correspond to ru les;  whereas ‘organisat ions ’ with in TIS 

studies refer to innovat ion ‘actors’  (3.3.3 i) .  These termino logies however,  

are used in th is  thes is as def ined under the preceding sect ions and as 

adopted by most  of  the researchers in  the f ie ld.  
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Inst i tut ions were def ined as “sets of  common habits,  rout ines,  

establ ished pract ices,  ru les,  or laws that regulate the relat ions and 

interact ions between  indiv iduals,  groups and organizat ions”  (Edquist  and 

Johnson 1997, p.  46,  c i ted in V idican et  a l .  2012, p.  180 ) .  The def in i t ion 

combined both lega l  inst i tut ions ( i .e.  regulat ions, laws and intel lectual 

property protect ion (IPP)) and customary inst i tut ions ( i .e.  cu lture,  mora ls  

and habits).  Those combined parts form the ‘ru les of  the game’ or ‘ the codes 

of  conduct ’  wh ich is necessary to reduce uncerta inty  in innovat ion 

development and in the economic system (Kle in Woolthu is et  a l .  2005).  

Inst i tut ions were considered as the prominent factors that shape innovat ion 

processes (Coenen and Díaz López 2010 ),  and emphasise interconnect ion 

between the actors.  Inst i tut ions provide a gu id ing balance of  the actors ’  

behaviour towards the innovat ive deve lopment process.  

The actors however,  compete in manipulat ing the inst i tut iona l contexts 

and the marketp lace in order to ga in legit imate access to resources for  

col lect ive surv ival (Vasseur et  a l .  2013).  The inst i tut ions hence imply a 

contextual rather than structural inf luence on innovat ion systems (Coenen 

and Díaz López 2010 ).   

 NET WORK S  iii)

Networks o f ten const i tute the modes for t ransferr ing taci t  and expl ic i t  

knowledge (Metcal fe  1992).  Actors col laborate in networks to form a 

strateg ic support ive system such as technology specif ic R&D programmes. 

This  co l laborat ion is  needed to inf luence the future  shape of  innovat ive 

development by maintain ing successful d i f fusion and implementat ion of  t he 

new technology through engaging a wider number of  actors (V id ican et  a l .  

2012; Vasseur et  a l .  2013).  

Networks can be d iv ided into two st rands.  F i rst :  ‘ learn ing ne tworks ’ that 

are orchestrated which connect f ie ld specif ic actors such as standardisat ion 

networks, pub l ic–pr ivate partnerships,  suppl ier groups, technology plat form 

consort ia,  compet i tors  or researchers.  Second: ‘advocacy coal i t ion’ which 

evolves in a less orchestrated fash ion such as buyer -sel ler re la t ionships and 

universi ty- indust ry l inks.  Simi lar to inst i tut ions, the concept of  networks 
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usual ly has a contextual rather  than st ructura l in f luence on innovat ion 

systems (Bergek et  a l .  2008 ; Vidican et  a l .  2012 ; Vasseur e t  a l .  2013).  

3.3.4  TECH NOL OGICAL INN OVA TION  FU NCTION S  

The focus on the structura l components of  innovat ion systems (actors,  

inst i tut ions, and networks) was wide ly cr i t iqued for del ivering stat ic,  snap -

shot analys is (Carlsson et  a l .  2002).  Consequent ly,  Hekkert  et  a l .  (2007)  and 

Bergek et  a l .  (2008)  invest igated the dynamics of  innovat ion system (Coenen 

and Díaz López 2010).  The dynamics l ink the structural components and 

comprise di f ferent innovat ion act iv i t ies.  Many other act iv i t ies occur beyond 

these dynamics; however,  mapping the re levant act iv i t ies was the only  

feasible  task.  The relevant act iv i t ies are those which in f luence the goal of  

the TIS; that is to develop, implement and dif fuse new technologica l 

knowledge. Those act iv i t ies are  the so -cal led ‘ funct ions of  innovat ion 

systems’ (Hekkert  et  a l .  2007) that were l isted in f igure 3 -10. The funct ions 

are therefore related to the interact ion between the st ructural components of  

a specif ic TIS (Hekkert  and Negro 2009).   

TIS has been empir ical ly val idated by researchers in the f ie ld of  

renewable energy, such as Hekkert  and Negro (2009) ,  Vidican et  a l .  (2012) ,  

Lai et  a l .  (2012)  and Vasseur et  a l .  (2013).  The funct iona l analysis of  a new 

technology he lps ident i fy ‘system fa i lu re’  or weakness in  the dynamic 

act iv i t ies.  Therefore,  pol icy makers or entrepreneurs should adopt the 

suitable act ion or pol icy intervent ion to improve the innovat ive tec hnologica l 

development (Bergek e t  a l .  2008) .   

There are seven functions which are defined below.  

 FUNCTION  1:  ENTR EPRENEUR IAL ACTIVIT IES  i)

As entrepreneurs are of ten the pr incipa l actors in an innovat ion system , 

the entrepreneuria l  act iv i t ies are the princ ipal funct ion in TIS. The 

innovat ion system would not  start  without ent repreneurship.  The 

entrepreneur’s  ro le is  to “ turn the potent ia l  of  new knowledge development,  
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networks and markets into concrete act ion to  generate and take advantage 

of business opportun it ies”  (Hekkert  and Negro 2009, p.  586 ).   

Entrepreneuria l  act iv i t ies could be:  a)  new entrants with a  v is ion of  

business opportunit ies in new or exist ing markets;  b) d iversi fy ing incumbent 

f i rms that compete for  new developments (Hekkert  et  a l .  2007 ; Bergek et  a l . 

2008) or;  c)  var ious technological app l icat ions or demonstrat ions. The 

funct ion of  entrepreneuria l  act iv i t ies is a  prime indicator of  the TIS’s 

performance. I t  is the funct ion that connects the rest  of  the innovat ion 

funct ions. The funct ion of  knowledge creat ion (F unct ion 2) has of ten been 

not iced fo l lowing entrepreneuria l  act iv i t ies (F unct ion 1) as observed by 

Hekkert  and Negro (2009) ,  i t  is a lso a good indicator of  the progress of 

technological d i f fus ion.  

 FUNCTION  2:  KN OWL ED GE CREATION  ii)

The funct ion of  developing or creat ing new knowledge (F unct ion 2 ) has 

been seen as an inf luent ia l  dr iver of  innovat ion. Th is is p art icular ly t rue in 

the early stages of  emergence of  complex technologies when there is h igh 

uncertain ty about technologica l performance (Hekkert  and Negro 2009 ; 

Gal lagher et  a l .  2012).  I t  has been noted by researchers that knowledge 

creat ion of ten co -evolves or precedes entrepreneur ia l  act iv i t ies.  Knowledge 

creat ion therefore comprises a much broader context than knowledge about 

the technological performance (Hekkert  and Negro 2009 ).  

Accord ing to Lundval l  (2010, p.  329) ,  “ the most fundamenta l resource in 

the modern economy is knowledge and, accord ingly,  the most  important  

process is learn ing” .  Therefore,  knowledge creat ion and learn ing is a  

fundamental funct ion with in the TIS. The learning in th is  funct ion 

encompasses both learning by doing and learning by search ing (Hekkert  and 

Negro 2009).  Emphasis was placed on social  learn ing with innovat ion 

development;  th is refers to  the t ransformat ion of  taci t  knowledge and 

exchange of exper ience (Coenen and Díaz López 2010 ).  Bergek et  a l .  (2008)  

def ined dif ferent types and sources of  knowledge creat ion. The types of  

knowledge creat ion could be scient i f ic,  technologica l,  market ing,  logist ics 

and design knowledge; whereas the sources of  knowledge creat ion could  be 
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R&D, learn ing from doing, learn ing from searching and imitat ion.  

Accord ingly,  th is  funct ion could  mainly be mapped by a few typ ica l 

indicators:  a) number and variety of  R&D act iv i t ies,  b) patents,  c) 

investments in R&D and, d) the (mis)match betwe en the created technica l 

knowledge from un ivers i t ies and the demand by industry (Hekkert  et  a l .  

2007).  

 FUNCTION  3:  KN OWL ED GE D IFFU SION  iii)

In spite of  the at tent ion given to codify ing social  and technological  

knowledge, abundant knowledge remains taci t  at  ind iv idual or inst i tut ional 

level  part icu lar ly  for new energy technologies.  Therefore the accumulat ion of  

experience and exchange of informat ion to di f fuse knowledge through 

networks, is important  for innovat ion system development (Gal lagher et  a l .  

2012).  The importance of  knowledge dif fusion exceeds the s tr ict  R&D 

sett ings to a heterogeneous context of  R&D where po l icy makers and 

compet i tor ent repreneurs are involved. Therefore,  th is funct ion is  regarded 

as ‘ learn ing by interact ing’  where the networks are regarded as a 

prerequisi te to the fu l f i lment of  knowledg e dif fus ion funct ion (Hekkert  and 

Negro 2009).  

The knowledge di f fus ion seems quite di f f icu l t  to map, however,  i t  could 

be analysed by measuring re levant aspects that include: a) the num ber of 

technology specif ic events such as conferences, workshops,  and p lat forms;  

b) network size and intensity (Hekkert  et  a l .  2007 ; Hekkert  and Negro 2009),  

c) amount and type of  col laborat ion between innovat ion actors,  and d) the 

kind of  knowledge that  is shared with in innovat ion components.  

 FUNCTION  4:  GU IDANC E OF TH E SEAR CH  iv)

Guidance of  the search relates to the act iv i t ies with in the innovat ion 

system that impact the vis ib i l i ty and clar i ty  of  specific goa ls,  targets and 

expectat ions of  the desired technolog ical future.  For example, the 

government announcement of  incent ives for  certa in renewable energy leads 

to a certa in degree of  developing susta inable energy technologies and 

mobi l ises resources for th is deve lopment  (Hekkert  and Negro 2009).  
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Guidance of  the search (Funct ion 4) is  important to a l ign the innovat ive 

vis ions of  var ious actors,  reduces uncerta int ies and st imulates at tent ion 

with in TIS (Vasseur e t  a l .  2013).  There are various actors involved in th is 

funct ion, such as government,  ent repreneurs,  and consumers; however,  i t  

has neither  cont rol led nor organised format ion. The power of  th is funct ion is 

inf luenced by numerous factors as proposed by Bergek et  a l .  (2008)  that 

include: a) technolog ical v is ions and expectat ions, b) bel iefs in growth 

potent ia l ,  c) TIS growth in o ther countr ies,  regions or technologies,  d) the 

percept ion and knowledge type and source of  actors,  e) regulat ions and 

pol icy,  f )  art iculat ion of  demand f rom leading customers and, g)  present  

cr ises in business and environment.  

 FUNCTION  5:  MARK ET FORMATION  v)

Incumbent technologies are normal ly wel l  establ ished and easi ly win the 

compet i t ion over new technology emerging in to the marketplace, part icular ly 

for susta inable technologies.  Accord ing to Rosenberg (1976) ,  most 

invent ions are quite incompetent in the ir early stage. These invent ions might 

be suscept ib le to s low dif fus ion, technologi cal imperfect ions, h igh cost,  and 

various uncerta int ies over the incumbent indust r ies.  Therefore,  i t  is  

necessary to form a protected space for new technologies to have a chance 

in the market (Hekkert  and Negro 2009 ; Vasseur et  a l .  2013).  The 

investment in market  format ion (F unct ion 5) invo lves publ ic and private  

sectors for a new technology (Gal lagher et  a l .  2012).  Th is investment could  

occur through governmental format ion of  a  specif ic n iche market for new 

technology or through inst i tu t ional changes such as tax reg imes or minimal  

consumpt ion quotas.  The mapping o f  market format ion cou ld measure 

factors such as: a) the phase and the potent ia l  of  the market,  b) the 

fu l f i lment of  the market demand and, c)  act ions towards uncerta int ies 

(Bergek et  a l .  2008 ; Hekkert  and Negro 2009).  

 FUNCTION  6:  RESOURC E MOBIL ISATION  vi)

The resources that  need to be mobi l ised under th is funct ion cou ld  refer 

to financia l ,  human and physical resources that are basic inputs for a l l  the 
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act iv i t ies with in TIS (Hekkert  and Negro 2009 ; Vasseur et  a l .  2013).  

Fol lowing f rom market format ion; resource mobi l isat ion (F unct ion 6 ) invo lves 

the resources of  publ ic and private investment.  The al locat ion of  suff ic ient 

resources is o f ten necessary for a specif ic technology to  start  the knowledge 

creat ion process (Funct ion 2).  

The fu l f i lment  of  th is funct ion could be analysed quant i ta t ively by 

invest igat ing the actors’  percept ion of  access to suff ic ient resources. 

Nonetheless, there are var ious determinant factors that could be measured,  

that inc lude: a) volume and qual i ty of  hu man capita l  such as tra in ing and 

universi ty degrees, b) r is ing f inancial  capita l  such as government funding, c)  

increasing sat isfact ion with resources,  and d) changes in complementary 

assets (Bergek et  a l .  2008).  

 FUNCTION  7:  LEGIT IMAC Y  vii)

This funct ion refers to the creat ion of  leg i t imacy which is the socia l  

acceptance and compliance with re levant  innovat ion inst i tu t ions. The 

emergence of  a new technology has to be rat ional ly advocated; in  order for 

th is techno logy to acquire pol i t ical  st rength and legit imacy acceptance. 

Addit iona l ly ,  th is funct ion of  legit imacy (F unct ion 7 )  inc ludes ‘counteracts 

resistance to change’.  Actors f rom incumbent regimes of ten resist  the 

creat ive emergence of  new technologies and in such a case, an advocatory 

coal i t ion cou ld act  as a cata lyst  to leg it imise a new technology and 

counteract res istance.  The absence of  th is  funct ion hence indicates poor 

al ignment between the inst i tut ions and the actors’  needs, and therefore a 

poorly funct ion ing innovat ion system (Bergek et  a l .  2008 ; Hekkert  and Negro 

2009).  

The funct iona l dynamics that could be analysed for mapping the 

legit imacy funct ion (Funct ion 7) in the vis ion of  d i f ferent actors include: a)  

publ ic  percept ion towards the technology, b) the re lat ion between legit imacy 

and demand, legis lat ion and f i rm behaviour,  c) the ro le of  the media and, d) 

the avai lab i l i ty and st rength of  lobbying groups (Bergek et  a l .  2008).  
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3.3.5  INTERA CTION BET WEEN FUNCTION S  

Since the introduct ion of  innovat ion systems,  scholars have increasingly  

focused on the dynamics between system components and funct ions. The 

system funct ions inf luence each other;  therefore,  the indiv idual fu l f i lment  of  

a certa in funct ion impacts on the fu l f i lment  of  other funct ions.  Interact ion 

between funct ions or structura l components is of ten unplanned and 

unintent ional .  The not ion of  ‘ funct iona l fu l f i lment ’  or  ‘overa l l  funct ion ’ 

therefore does not imply the progress ive interact ion of  a l l  actors in a 

part icular system or funct ion. The successful fu l f i lment of  these funct ions 

however leads to a bet ter performance of the TIS which impl ies a successfu l 

development,  d i f fus ion and implementat ion of  new technologies.  The 

ineffect ive fu l f i lment  of  the system funct ions would thus hamper the 

development o f  the TIS (Hekkert  et  a l .  2007 ; Bergek et  a l .  2008 ; Vasseur et  

a l .  2013).   

Unt i l  2009, there was an ambigui ty in the method of  analysing the 

interact ion between system funct ions. Hekkert  and Negro (2009)  induced a 

conceptual benef i t  f rom analys ing th is interact ion by focusing on the 

impl icat ion of  the innovat ion system dynamics and the sort  of  interact ion 

patterns that could be ident ified. Similar studies that analysed the funct ion 

fu l f i lment and interact ion pattern were thereafter conducted by V idican et  a l .  

(2012),  Lai et  a l .  (2012)  and Vasseur et  a l .  (2013) .  In l ight  of  th is 

introduct ion, the fo l lowing sect ions h ighl ight key analyt ical terms of  

interact ion dynamics and patterns:  

 PHASE OF DEVEL OPMEN T AND TECHN OL OGICAL  CHARACT ER IST IC S  i)

Although the TIS has been set up to analyse technologica l development,  

i t  is usefu l for the analyst  to dist ingu ish  between the phases of  th is 

development;  these are ei ther the ‘ format ive’  or  ‘g rowth ’ phase. The 

assessment of  the system funct ions of  each phase is d i f ferent due to the 

t ime d imensions of  technologica l emergence.  The formative phase ,  which is 

of ten the emerging stage of  a new technology, could be ind icated by:  

a) la rge uncertaint ies in di f fus ion and implementat ion,  
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b) immature development of  pr ice and performance of the technology,  

c) absence of  powerfu l  self -re inforcing features,  

d) low ra te of  demand (Bergek et  a l .  2008),  

e) low number of  new entrants and ent repreneuria l  act iv i t ies,  and  

f)  knowledge creat ion (Hekkert  and Negro 2009).   

The growth phase  of  mature technologies on the other hand could be 

indicated by:  

a) knowledge di f fus ion,  

b) new ent rants,  and  

c) growing s ize and density o f  networks (Hekkert  and Negro 2009 ).  

 Therefore,  the phase of  development  and the development o f  a TIS is a  

typica l example of  co -evolut ion re lat ionship ;  they mutual ly influence each 

other.  Analysts mad a common error by using the same cri ter ia to judge both 

the format ive and growth phase of  TIS deve lopment  as argued by Bergek et  

a l .  (2008).  The growth phase, for instance, could have a rapid rate of  

d i f fus ion or market act iv i t ies that is unl ike the technologies in the format ive 

phase which might have a small  number of  act iv i t ies and more research and 

development ef forts.  The knowledge dif fus ion (F unct ion 3) and guidance on 

search (Funct ion 4) are,  for instance, more important than market format ion 

(Funct ion 5) at  the format ive phase of  deve lopment,  in spite of  their smal l  

number of  act iv i t ies  (Bergek et  a l .  2008 ; Hekkert  and Negro 2009 ).   

 V IRTU OUS AND  V IC IOUS CYCL ES  ii)

As high l ighted in  the int roduct ion of  th is  sect ion, system funct ions 

inf luence each other in  the interact ion and funct ional  fu l f i lment.  This leads to 

creat ing vi r tuous or v ic ious cyc les with in TIS. The vi r tuous cyc les occur as a 

resul t  of  posit ive interact ion between the funct ions. These cycles have been 

cla imed as acce lerat ing the development of  the innovat ion system as they 

reinforce the dynamics with in TIS. These cycles could encourage 

pol icymaking decis ions and entrepreneuria l  act iv i t ies that lea d to knowledge 

dif fus ion and legit imacy lobbying. The vi r tuous cyc le is character ised by a 
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posit ive loop moving in  the same d irect ion,  whereas, the v ic ious cyc les could  

slow down or stop the innovat ive deve lopment of  technologies.  These cycles 

occur as a  result  of  negat ive fu l f i lment to  one or more funct ions that reduces 

the act iv i t ies in the other system funct ions (Hekkert  and Negro 2009 ; Suurs 

2009).  

 POLIC Y ( INTERVENTION )  iii)

The pol icy intervent ion was rat ional ised by Edquist  (2005) in the 

sat isfact ion of  two condit ions: 1) a problem must exist ,  and 2) of  government 

agencies must have the desire and abi l i ty to solve such a prob lem. The 

intervent ion pol ic ies for innovat ive deve lopment of ten target ent repreneurs,  

however,  th is is  l ikely to be extended to  invo lve un ivers i t ies,  research 

act iv i t ies and socia l  movements (Coenen and Díaz López 2010 ).  Therefore,  

pol icy in tervent ion was arguably just i f ied by market  fa i lure  in order to 

address certa in chal lenges in the st ructure  of  innovat ion system such as 

learn ing, research, knowledge, networking and resources (Weber and 

Rohracher 2012).  Furthermore, ef fect ive pol icy inter vent ion would encourage 

the hesitant ent repreneurs to peruse research and development act ions o f  

new technolog ies.  For example, feed -in-tar i f f  (FIT) proved ef fect ive in 

achiev ing deployment of  renewable energy technologies as was favoured by 

entrepreneurs in Denmark, Germany and the USA (Leete et  a l .  2013).  The 

studies of  systematic  problems (sect ion 3 .3.6) have gradual ly  rece ived 

at tent ion as a too l for pol icy intervent ion (Coenen and Díaz López 2010 ).  

3.3.6  SYST EMATIC PR OBLEMS OF RENEWABL E EN ER GY TECHN OL OGIES  

Innovat ion stud ies were found useful in analysing the system fa i lure or  

systematic prob lems that hamper technolog ical innovat ion development and 

dif fus ion. Var ious researchers in the f ie ld of  innovat ion system fa i lure,  such 

as Jacobsson and Johnson (2000) ,  K lein  Woolthuis  et  a l .  (2005) ,  Foxon and 

Pearson (2007) ,  Negro et  a l .  (2012a)  and Weber and Rohracher (2012) , 

focused on the perceived weakness in the structural components.  They 

provided categor ies and l ist ings of  possible systemat ic fa i lures and 

problems. Further researchers such as Phi l ibert  (2006)  and Painuly (2001)  

however tack led the innovat ion deve lopment problems in the form of barr iers  
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to technological development rather than in  a systemat ic context.  Foxon et 

a l .  (2005) ana lysed the barr iers of  new renewable technolog ies in the UK. 

The innovat ive barr iers,  for the purpose of  th is study, were seen f i t t ing 

with in the systematic problem analys is as a shel l  context that helps map 

pol icy intervent ion opt ions.  

The systematic problems framework, as a tool for analys is,  helps pol icy 

makers to ident i fy the fo l lowing accord ing to Klein Woolthu is et  a l .  (2005) :  

-  The posi t ion where fa i lu re occurs ( i .e.  lack of  entrepreneuria l  sp ir i t  

h inders innovat ion).  

-  The actors or interact ions that should be addressed to make change 

possib le ( i .e.  prov ide venture capi ta l ) .  

-  The effect iveness of  pol icy for each indiv idual systematic  prob l em.  

The system prob lems should be addressed in a context rather  than 

independent ly,  as der ived from a mult i - leve l innovat ion system (3.3 .3iv),  due 

to the involvement  of  var ious actors,  inst i tut ions and complex mixture  of  

causes and ef fects.  The use of  a f r amework for system problems he lps 

prior i t ise the most s ignif icant problems; th is  leads to implement ing the most  

appropr iate innovat ion pol icy.  I t  a lso creates a clear -cut categor isat ion of  

systematic problems that serve as a rat ionale for government  interv ent ion. 

This f ramework was of ten used to evaluate an already implemented pol icy 

programme (Klein  Woolthuis  et  a l .  2005 ).  In order for  the categorised 

problems to lead to pol icy in tervent ion, Negro et  a l .  (2012a)  suggested 

mapping a clear l ink between the empir ical ly observed prob lems and the 

conceptual ly poss ible categories.  The categories of  system problems (Fig.  3 -

13) are expla ined hereafter a long with  the connect ion to empir ica l  

observat ions of  renewable energy technologies (RETs) wherever avai lab le 

by the researchers:   
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Figure 3-13: Analyt ical f ramework for market and system fa i lure,  adapted 
from Kle in Woolthuis (2010)  

 INFRAST RUCTUR E  PROB LEMS (PH YSICAL AND KN OWL ED GE )  i)

Infrast ructure refers to  the physical and knowledge structures ( i .e.  roads, 

ra i lways and te lecom networks) (K lein Woolthuis 2010):   

a. PHYSICAL  INFRA STRU CT URES  

Rel iable physica l inf rastructure is essent ia l  for technologica l d i f fusion 

and development.  The absence of  the approp r iate inf rastructures would  

hinder innovat ive development as wel l  as the economic growth in general  

(Kle in Woolthu is 2010).   

The needed infrastructure for RETs however is d i f ferent f rom the current  

convent iona l gr id power systems (Negro et  a l .  2012a ).  Kle in Woolthu is 

(2010) reported in h is inf rast ructures study of  the Dutch construct ion 

industry,  that the current inf rast ructures are of ten based on the paradigm of 

a central  power gr id as a producer and individua l rece ivers who are the 

consumers. On the contrary,  the new parad igm opens the doors for the 

consumers to produce energy and feed in to the central  gr id.  The Dutch 

entrepreneurs found d if f icul t ies in  implement ing th is switch even though an 
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e lect r ic i ty  switchboard entrepreneur had developed a product that a l lowed 

households to feed e lect r ic i ty to the cent ral  gr id whi le the infrastructure 

al lowed households to indiv idual ly act  as receivers in  the current system.  

b.  KN OWL ED GE INFR ASTR U CTER S  

The knowledge inf rast ructure and advanced Informat ion and 

communicat ions technology (IC T) inf rast ructures have been emphasised in 

innovat ion stud ies (K lein Woolthuis  et  a l .  2005 ).  Negro et  a l .  (2012a)  

reported a gap between knowledge creat ion (F unct ion 2)  at  universi t ies and 

the pract ica l needs of  industry.  The cooperat ion between research 

inst i tut ions (academic and industr ia l )  is insignif icant,  and t here is a lack of  

strateg ic di rect ion to  overcome the prob lem (Foxon et a l .  2005).  The 

research inst i tut ions o f ten have the knowledge to so lve technica l problems 

which is not d i f fused due to lack of  informat ion exchange (Funct ion 3) with  

the industry ,  resu lt ing in the problems being unsolved in pract ice (Bergek 

2002).   

 INSTIT UTIONAL  PR OBLEMS (HA RD A ND SOF T )  ii)

Inst i tut ions (sect ion 3 .3.3i i )  are a cruc ial  s ignpost of  actors ’  behaviour 

and performance towards the innovat ive development process. Car lsson and 

Jacobsson (1997)  dist inguished between ‘hard’ and ‘sof t ’  inst i tut ion fa i lure  

where other researchers referred to ‘ fo rmal ’  and ‘consciously created’ versus 

‘ informal ’  and ‘spontaneously evo lved ’ inst i tut ions fa i lu re.  Th is s tudy wi l l  

fo l low the work of  (K lein Woolthu is et  a l .  2005 ; Negro et  a l .  2012a) who 

adopted the terms ‘hard inst i tut ion problems’ and ‘sof t  inst i tut ion problems’:   

a. HARD INST ITUTION  PR OB LEMS  

Hard inst i tut ions refer  to ru les and regu lat ions in the form of formal,  

writ ten, and consciously created inst i tut ions. They are c lassif ied as ‘hard’ 

because they are specif ic,  exp l ic i t  and enforceable.  Al though the absence of  

these inst i tut ions h inders inn ovat ion; the extra r ig id inst i tut ions such as 

bureaucracy could imply negat ive ef fects (Klein Woolthuis 2010 ; Negro et  a l .  
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2012a).  The fo l lowing problems related to hard ins t i tu t ions were reported in  

the l i te rature:  

 ‘Stop and go’ pol icy’ :  th is prob lem was noted by Negro et  a l .  (2012a)  

for about 37 cases of  volat i le regulatory decisions and subsidy 

schemes. For instance, subsidy schemes for RETs in the Netherlands 

were s topped and reintroduced in d i f ferent  forms every two years 

f rom 1981 to 2011 (Negro et  a l .  2007 ; Suurs 2009).  A simi lar issue 

was observed in the UK for wind, PV, b iomass, and mar ine energy 

(Foxon et  a l .  2005 ; Foxon and Pearson 2007 ;  Praetor ius et  a l .  2010 ).  

 ’Shif t  o f  pol icy makers reg imes’:  s imi lar  to the ‘stop and go ’ pol icy.  

An example was presented from the UK for micro -CHP (micro  

combined heat and power) where funding was in i t ia l ised to meet 

energy securi ty chal lenges. Then a pol icy shif t  towards l ibera l isat ion 

and privat isat ion of  the energy market dominated the pol icy debate 

(Praetorius et  a l .  2010, ci ted in Negro et  a l .  2012a ).  

 Lack of  inst i tut iona l support  dur ing the so -cal led ‘val ley of  death ’ was 

also observed as a hard inst i tut ional problem. The val ley of  death is  

the preceding phase to  emerg ing new technology into the market.  The 

R&D support  schemes in the UK have been observed emphasis ing 

smal l  ef forts and niche markets for demonstrat ion pro ject s  and pre-

commercia l  t r ia ls for RETs. There was a problematic gap however,  

between the current R&D in i t iat ives and ‘near commercia l ’  support  to 

overcome the va l ley of  death.  Therefore,  many RETs were jammed in 

the R&D or demonstrat ion stage (Foxon et  a l .  2005 ; Winskel  et  a l .  

2013).  

b.  SOFT INST ITUTION  PPR OBLEMS  

The soft  inst i tut ions refer to values, cu ltures, habits,  mutual agreement,  

socia l  norms and entrepreneuria l  spi r i t  with in organisat ions shaping actors’  

preferences, behaviours and publ ic pol icy object ives (Smith 2000).  These 

inst i tut ions are informal and of ten impl ic i t .  They cou ld st imulate innovat ion 

development  i f  they value creat iv i ty and change, otherwise the inst i tut ions 

would h inder innovat ion (Kle in Woolthu is 2010 ; Negro et  a l .  2012a ).   
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For instance, the creat ion of  legit imacy (F unct ion 7) is the socia l  

acceptance for a new technology which comes under soft  inst i tut ions. Whi le  

creat ing legit imacy at  the emergence of  new technology is of ten a tedious 

and slow process, various actors are involved in forming a socio -pol i t ical  

process of  leg it imat ion ei ther as advocators or  by counteract ing resistance.  

Accord ing to Negro et  a l .  (2012a) ,  the advocatory and counteract ing trends 

for RETs have no stereotypical bounds to  specif ic actor groups in the 

innovat ion system.  

The soft  ins t i tut iona l  problems seem to occur less than the hard 

problems. This could  be at tr ibuted to the lack of  capabi l i t ies by actors 

(Negro et  a l .  2012a) (sect ion 3.3.6 iv).  

 INTERA CTION PROBLEMS (TOO STR ON G AN D TOO WEAK )  iii)

The interact ion process (3.3.5) l inks the system components and TIS 

funct ions for cooperat ion and interact ive learn ing. The modern market  

structure requires rela t ions that “persist  through t ime and invo lve inter -firm 

cooperat ion in the development and design of  products”  (Smith 1999, ci ted 

in Kle in Woolthuis et  a l .  2005, p.  613 ).  Interact ion prob lems could  evolve in 

ei ther  of  two d irect ions: too st rong or  too weak as b locking mechanisms to  

the development  of  RETs (Jacobsson and Johnson 2000 ; Bergek 2002).  

a. TOO STR ON G INT ERA CTION S  

Strong interact ion fa i lures were expressed by Car lsson and Jacobsson 

(1997) as be ing the ‘b l indness’ that evo lves in very c lose re lat ions between 

actors.  The excessive strength among incumbent actors fac i l i tated ‘ lock - in ’  

to dominant products.  Furthermore,  th is type of  re lat ionship  al lows ‘wrong 

direct ions ’ that lead to  fa i lu re o f  d i f fusing appropr iate knowledge due to lack 

of  informat ion exchange. The dominat ing groups with too st rong interact ions 

could block new entrants to the market (K le in Woolthuis et  a l .  2005 ).  Th is 

example was reported by Dutch construct ion entrepreneurs where new 

entrepreneurs had fa i led to interact with large -sca le project  developers.  The 

interact ion and select ion cr i ter ia were based on a r ig id basis of  h istor ic 

re lat ions (K lein Woolthuis 2010 ).  This  keeps revolving the same rout ine of  
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knowledge ‘ lock - in ’  with neither a chance of  knowledge creat ion (F unct ion 2) 

nor knowledge di f fusion (Funct ion 3 ).  

b.  TOO WEAK  INT ERACT ION S  

The weak interact ions refer mere ly to the poor l inkage between the 

components of  the innovat ion system. This weakness of ten causes 

inappropr iate interact ive learning that  leads to a possible fa i lu re of  adopt ing 

new technologies by entrepreneurs.  The poor i nteract ion would  fur thermore 

lead to inaccurate vis ions of  the future of  technology deve lopment.  These 

altogether would hinder the innovat ion development and research ef forts 

(Carlsson and Jacobsson 1997, ci ted in Kle in  Woolthu is et  a l .  2005 ).   

 CAPABIL IT Y  PR OBLEMS  iv)

Capabi l i ty of ten refers to the appropriate knowledge and know -how that 

actors possess to engage in innovat ion deve lopment.  The competency of  th is 

knowledge, part icular ly the technical  knowledge, is necessary for  

entrepreneurs to encounter a successfu l deve lopment of  a new product.  

Organisat iona l and market ing sk i l ls are furthermore essent ia l  for those 

entrepreneurs to manage the process of  innovat ive deve lopment that lead to 

a successful int roduct ion of  a product into the market (K lein Woolthu is  

2010).  Dif ferent categories of  capabi l i ty problems as found by Negro et  a l .  

(2012a) cou ld be categorised in the fo l lowing four themes:  

a. LACK OF  TECHN OL OGIC A L KN OWLED GE  

Actors,  such as pol icy makers a nd designers,  of ten lack the appropriate 

technological  knowledge. This might  result  in determin ing a wrong 

technological cho ice, ineff ic ient des ign or malfunct ion ing technology. This 

theme of capabi l i ty problems, for instance, was reported for la rge wind 

turbines by Jacobsson and Johnson (2000)  in Sweden and Verbong and 

Geels (2007) .  Further examples were reported by Raven and Verbong (2004)  

for over-d imensiona l heat pumps and large -scale biomass pi lot  p lants and by 

Negro et  a l .  (2008)  for  inappropr iate development of  b iomass gasif icat ion in  

the Nether lands (Negro et  a l .  2012a).  
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b.  LACK OF  ENTR EPR EN EU RIAL OR GANISATION AL EXPERIENC E  

This refers to the lack of  abi l i ty by entrepreneurs to lobby together,  to 

at ta in leg it imacy support  (Funct ion 7).  Ent repreneurs were most commonly 

not iced compet ing at  the early stage of  innovat ion deve lopment  ra ther than 

forming a coa l i t ion or a l l iance. Th is type of  compet i t ion increases the 

chal lenges towards regulat ions, res ources and creat ing a niche market.  

Another issue of ten reported is the incapabi l i ty of  ent repreneurs to formulate 

real ist ic expectat ions.  The inaccurately opt imist ic expectat ions, part icular ly 

when not fu l f i l led ,  leads to a mistrust  by innovat ion actors (Negro et  a l .  

2012a) and leads to  misguidance of  search (F unct ion 4 ).  

c. LACK OF  MA RKET  DEMA ND ART ICULAT ION  

This theme refers to end users who cann ot  generate enough demand. 

Most end users inf requent ly buy new technologies (e .g.  a dwel l ing owner 

who replaces the boi ler once in 30 years).  Those actors lack the capabi l i ty  

to formulate a demand due to their  lack of  exper ience (Johnson and 

Jacobsson 2000 ).  Thereafter,  Negro et  a l .  (2012a)  recommended inducement 

by intermediar ies to formulate the demand.  

d.  LACK OF  SKILL ED ST AFF  

The lack of  sk i l led staf f  f requent ly occurs in the occasions of  radical  

d i f ference between emerg ing and the exist ing technologies.  The new 

technological t ra jectory requires amendment to current educat ional and 

tra in ing syl labuses which usual ly takes t ime to incorporate as wel l  as for 

ski l led staf f  to graduate. Moreover,  snowbal l ing development of  innovat ive 

technologies is l ikely to employ the avai lable  t ra ined staf f  cr eat ing shortage 

in ski l led staf f  (Negro et  a l .  2012a).  This phenomenon becomes more severe 

for smal l  and medium enterprises with l imited funds and staf f  resources 

(Kle in Woolthu is et  a l .  2005 ).  

An increasing scarc i ty  of  ski l led technic ians and instal la t ion experts was 

observed by (Negro e t  a l .  2012b) in the Dutch PV innovat ion system. Th is 

lack o f  sk i l led personnel has lasted since 2003. The Dutch PV sector  has 

been sedentary since then, and pred icted by experts in the f ie ld to take 
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severa l years before a  substant ia l  take -off  (Sinke 2007,  c i ted in Negro et  a l .  

2012a).  

 MARK ET POWER PR OBL EMS  v)

The market,  in an establ ished status,  p lays the role of  a se lect ive tool of  

innovat ion development.  New technology might be suscept ib le to high cost 

and uncertaint ies at  the emergence into the market over the incumbent  

industr ies (sect ion 3.3 .4v).  In the absenc e of  br idging segments to reduce 

the gap between new and establ ished technologies,  new technology might be 

jammed or remain incompetent (Negro et  a l .  2012a).  The market structure 

therefore dominates the degree of  the qual i ty and quant i ty of  new emerg ing 

technologies.  Th is is known as ‘market power ’  (K lein Woolthuis 2010).   

Most o f  the energy markets are dominated by fossi l  fue l that  lef t  a  

f ract ional chance for the renewable energy technologies to breakth rough.  

This dominat ion was gained from thei r long periods o f  technolog ica l  learn ing 

and economies of  scale that made the fossi l  fuel technologies cheap, wel l -

known, ef f ic ient and socia l ly preferred (Negro et  a l .  2012a ).  Therefore,  i t  

would be unfai r to compare the market st ructure of  the incumbent  fossi l  fuel  

technologies to the yet immature RETs. The fo l lowing market  structure 

problems were reported by researchers for  RETs as ra ised by Negro et  a l .  

(2012a) and Klein Woolthuis  (2010) :  

-  The RETs were found to be mismatched with the current cent ral  

e lect r ic i ty  gr id with a large-scale paradigm of  generat ion.  

-  The robust  advocates to incumbent energy technologies esca late the 

expectat ions leve l f rom RETs which reduces the chances of  success 

and competence.  

-  The incumbent f i rms, in genera l,  hes ita te to adopt renewable 

technologies and del iberately at tempt to block the emergence of  new 

RETs into the market.  This is due to their inf luent ia l  capaci ty in the 

pol icy making p lace and lobbying.  
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 SUMMAR Y  3.4

Build ing- integrated TSC is associated with the architecture of  bui ld ing 

envelopes. Therefore,  archi tectural integrat ion of  solar thermal technologies 

was descr ibed f rom l i terature  to understand the current  conf igurat ions of  

solar thermal in archi tecture.  To the knowledge of the researcher,  there was 

no related research avai lab le specif ic to  TSC technology in  terms of 

archi tectural in tegrat ion. The current BIST appl icat ions are most ly not 

aesthet ica l ly wel l -des igned as explained in sect ion 3.2.3.  In addit ion to the 

gap between the technical  performance of TSC and social  ac ceptance 

(sect ion 1.2),  there seems a gap in  design process i tse lf .  Therefore,  IDP was 

introduced as a suitab le process to fac i l i tate  appropr iate integrat ion of  solar 

technology. Furthermore, the ro le of  the architect  in the design process was 

descr ibed a long with the phase of  technologica l integrat ion and 

development.  This wi l l  be considered in deta i l  in chapters 5 and 7.  

Interre lated to architectura l integrat ion is the socio -technical part  of  the 

development.  TIS technology was found to adequately addres s such a 

technica l change and furthermore has been used to invest igate related 

energy and technology studies as described in sect ion 3.3.  The theoret ical  

parameters,  l i tera tures and st ructures of  TIS were descr ibed to provide a 

context for the research work to fo l low as directed by Bergek et  a l .  (2008) .  

In the context of  the a im and object ives of  th is research,  innovat ion studies 

could out l ine the chal lenges and opportunit ies for deve loping TSC 

technology in the UK.  This of fers the potent ia l  of  drawing relevant lessons 

from the North Amer ican example to dr ive socio -technical  change in solar 

thermal research and design.  
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 OUTLIN E  4.1

The methodology be ing adopted in th is  research was br ief ly in troduced in  

sect ion 1.5 .  Th is chapter purposes to ident i fy the most appropr iate  methods 

to employ in the research that best sat isfy the aim and object ives. Quite a 

few research method s are deemed possible to conduct th is study  and 

considered; as found adopted in previous related stud ies (sect ion 4.2)  or 

deemed suitab le to serve the aim and ob ject ives of  th is study. However,  th is 

study has in terd isc ip l inary research aim and mult i -d imensional  object ives. 

Therefore,  there is  no individua l comprehensive method which complete ly  

sat isf ies both research direct ions: architectural integrat ion and technologica l 

innovat ion development.  The methods being considered can be d ivided into 

disqual i f ied  and qual i f ied methods as fo l low, however,  certa in  methods were 

better qua l i f ied  in a  combinat ion,  namely the quant i tat ive and qual i tat ive 

methods that were  adopted under the f rame of mixed-method:  

Methods which were disqual i f ied :   

-  Case study (sect ion 4.2.1) to sat isfy part  of  the aim and object ive 

‘v ’  wh ich was rev ised late on.  The case study method  was 

excluded as an accessible case (project ) was not at ta ined  with in  

the t imeframe of th is  research  in spite of  approaching relevant  

organisat ions with in the UK . However,  there were a very l imited 

number of  poss ible  case studies with in the UK due to  l imited 

number of  TSC instal lat ions ( sect ion 2.4.1).  

-  Simulat ion  (sect ion 4.2.5) to sat isfy  the pre-heat ing part  of  the 

research aim ,  ob ject ive ‘v ’  and further early  object ives that  were 

revised and subst i tuted later on.  This method was considered unt i l  

a late stage in th is study .  I t  was eventual ly excluded due to a  

number of  reasons inc luding : the absence of  credib le  software to  

simulate  TSC and absence of  empir ica l data for compar ison .  

Methods which were ut i l ised:  

-  Mixed-method (sect ion 4.4) to sat is fy the object ives of  the f i rst  

in terrelated research direct ion ‘architectural integrat ion’ .  Af ter  

reviewing the strengths and shortcomings of  quant i tat ive (sect ion 
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4.2.3) and qual i tat ive (4.2.4) research methods , they were 

combined in a  mixed-method that of fset the i r ind iv idual weakness. 

This was considered to provide the most comprehensive analys is  

of  the research hypothesis  (sect ion 4.4.1) .  

-  Experimenta l f ie ld study (prototype) (sect ions 4.2.2 and 4.5) to 

sat isfy the pre -heat ing part  of  the research aim and object ive ‘v ’ .  

I t  was also chosen as a supplementary method to the main 

research direct ion, architectural integrat ion ,  as a ‘ learning by 

doing’ too l,  especial ly the design and construct ion part  of  i t .  

Prototyp ing and test ing the TSC  was deemed to add sign if icance 

to the survey resu lts .  

-  Quali tat ive method (sect ions 4.2.4 and 4.6) to sat isfy the 

object ives o f  the second in terrelated research di rect ion 

‘ technolog ica l deve lopment ’ .  Al though the qual i tat ive  method was 

addressed ear l ier with in the mixed -method, i t  was to be further  

conducted ind iv idual ly through analys is  of  semi -st ructured 

interviews and other secondary data (sect ion 6.2).  The select ion 

of  th is  method was  derived f rom the absence of  entrepreneurs in  

the quest ionnaire  where they hold sign if icant importance in  

developing TSC technology (sect ion 4.6) .  Therefore,  grasping 

their  percept ions and views about TSC deployments,  deve lopment  

and knowledge d if fus ion was deemed necessary to determine the 

chal lengers,  barr iers and curren t status of  the technology .  

This chapter compr ises the foremost re levant research methods which 

are introduced in sect ion 4.2  whereas the determinat ion of  the research 

methodology of  th is  study was introduced  in  sect ion 4.3.  The adopted mixed-

method for arch itectural  integrat ion along with re lated issues inc luding 

quest ionnaire design and stat ist ical  analysis are  descr ibed in  sect ion 4.4 .  

The supplementary experimental  prototype is descr ibed separately  in sect ion 

4.5.  The qual i tat ive method being adop ted for the technological innovat ion is  

a lready inc luded with in the mixed -method.  However,  the interv iew design 

and data col lect ion for technolog ica l development are descr ibed in sect ion 

4.6.  
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 ASSOCIAT ED  RESEAR CH METH ODOL OGIES  4.2

In order to properly  ident i fy the appropriate method, a rev iew of 

methodologies adopted in re lated l i te rature is presented f i rst ,  fo l lowed by 

specif ic informat ion on the methods selected for th is work.  The fo l lowing 

methods were used in previous stud ies and are potent ia l ly appl icable f or  

inclusion in th is research; both arch itectural integrat ion and technologica l 

innovat ion development.  

4.2.1  CASE ST UDY  

Case study research is  def ined as “ . . .an empir ical  inqu iry  that 

invest igates a  contemporary phenomenon with in i ts real - l i fe  context,  

especia l ly  when the boundaries between phenomenon and context are  not 

clear ly evident ” (Yin 2003, p.  13, c i ted in E l l inger et  a l .  2005, p.  328 ).  

Case stud ies have been used as an impl ic i t  methodology in Probst and 

Roecker (2011) .  The researchers used a case study of  a  European project  

SOLABS to explore the archi tects ’  wishes o f  a novel unglazed solar thermal 

col lector .  Case studies of  TSCs at  US mil i tary  instal lat ions were used in 

research by Brown (2009) as an umbre l la o f  other research methodologies.  

The researcher aimed to invest igate the economic and envi ronmenta l 

v iabi l i ty of  the technology for an air force energy scheme using nine faci l i ty  

and warehouse bu i ld ings at  the Department o f  Defence.  

Other case stud ies and demonstrat ion pro jects were used for conduct ing 

qual i tat ive surveys which are high l ighted in sub -sect ion (4.2.4).  However,  

using a case study methodology in th is thesis to address the research 

ideological a im and object ives requires certa in chal leng ing necessit ies which 

include the fo l lowing:  

-  Ful l  access permiss ion to an exist ing bui ld ing with a TSC system in 

operat ion, located with in Wales.  

-  Cooperat ion of  the occupants,  p ro ject  arch i tect ,  TSC specia l is t  and 

contractor.  However,  th is  cou ld be a  problematic task wi th in 

resident ia l  bui ld ings where residents desi re quiet  and rest .   
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-  Unl imited access to the relevant ava i lable informat ion inc luding 

integrat ion issues, energy cons umpt ion, operat ion const raints ,  and 

design loads. For a refurbished bui ld ing,  further  informat ion about 

energy schemes and consumption rates before and af ter TSC 

instal lat ion would be very usefu l.  

-  Appropr iate inst ruments to measure temperature,  wind speed,  a ir  

f low,  so lar  i rrad iat ion and other weather data that would be used to 

est imate TSC effect iveness and ef f ic iency.  

Accord ingly,  the resu l t  could be val idated via computer model l ing or 

correlated with re lated other cases, even i f  in  d i f ferent c l imates. A  

veri f icat ion of  TSC manufacturers’  t rading informat ion (sect ion 2.4) was 

deemed useful for knowledge exchange. However,  in sp ite of  approaching 

relevant organisat ions with in the UK, permission to examine an accessible  

project  was not poss ible with in the t imeframe of th is research.  

4.2.2  EXPERIMENTAL /F IELD STUDY  

Experimenta l methodology is of ten used for scient i f ic researches where a 

simulated mock -up is  bui l t  to conduct the necessary experiments and 

measurements.  The experimenta l method can manipula te a  part ic ular 

variab le at  a t ime to determine i ts  ef fects on the other hypothesis 

parameters.  I t  has several dr ivers includ ing: the non -avai lab i l i ty of  fu l l  

access to a real case study; cont rol  of  the variab le parameters;  immature 

technologies which have to be test ed prior to  actual appl icat ion. This method 

of  research of ten occurs e i ther  in  a laboratory,  l ike chemical  and physical 

react ions, or in the f ie ld,  as for construct ion associated issues. El l inger et  

a l .  (2005)  ment ioned that exper imental research in the industr ia l ised world  

has focused on improv ing technolog ies of  bu i ld ing .   

Using exper imental  methodology, Van Decker et  a l .  (2001) insta l led nine 

TSC test  p lates (Table B -9 in Appendix B) and further correlated their  

experimenta l data wi th a previous study of  Kutscher (1994) .  F leck et  a l .  

(2002) used two TSC prototypes, and moni tored the performance using a 

measurements model ‘81000 Young sonic anemometer’  wh ich records so lar  

i r radiat ion on the horizontal surface, temperature,  f low rate and other 
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re levant measures. The sonic anemometer recorded three a ir  veloc ity 

components every f ive minutes: a long the wal l ;  towards the co l lector and 

vert ical f low. Kozubal et  a l .  (2008)  bu i l t  a prototype TSC module (see Fig.  2 -

16).  Further exper iments to evaluate TSC performance were conducted by 

Cordeau and Barr ington (2011) ,  Chan et  a l .  (2011)  and Gawlik and Kutscher 

(2002).  

For th is f ie ld of  study, experiment methodology of ten focuses on 

technica l issues of  TSC, l ike performance, wind ef fects and ef fect iveness. I t  

is not  appropriate to  invest igate the human dimension of  architectural 

integrat ion using experimental methodology; neverthe less, bui ld ing an 

experimenta l prototype would add dimensiona l benef i ts of  ‘ learning by doing’  

onto parameters of  design, construct ion (sect ion 3.2.3 i i )  and knowledg e 

creat ion (sect ion 3.3.4i i ) .  Moreover,  i t  can be used to veri fy  technica l 

operat ion measures of  the technology.  

4.2.3  QUANTITAT IVE  

Quant i tat ive research methodology o f ten represents prec ise p ieces of  

research measurements and analysis.  The technique of  data c ol lect ion in 

th is research design compr ises numbers and stat ist ics (Jenkins 2009).  The 

“quant i tat ive research paradigm…is empir ical in  nature;  i t  is a lso known as 

the scient i f ic research paradigm”  as suggested by At ieno (2009, pp. 13 -18),  

c i ted in Jenkins (2009) .  Probst and Roecker (2007)  adopted quant i tat ive 

analys is to a quest ionnaire.  Quant i tat ive s tat is t ics were presented for the 

rat ing of  case studies.  Related quant i tat ive  analysis were further  used by 

Horvat and Dubois (2012)  and Horvat et  a l .  (2011) .  

This study cou ld be conducted through ei ther st ructur ing a s tat ist ical  

model ( i .e.  quest ionnaire) or col lect ing the obtainable stat ist ical  data from 

former s imi lar research. However,  col lect ing exist ing data seems impossible  

due to the lack of  prev ious research stud ies in th is part icular research zone. 

Therefore,  s tat is t ical  model l ing is deemed an achievable opt ion which 

sat isf ies the percept ion of  architectura l  integrat ion target ing human 

dimension, and archi tect  part ic ipants in more focus (sect ion 1. 2).   

4.2.4  QUALITATIVE  
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Qual i tat ive  research of ten aims to  gain  insight of  sampled people ’s 

at t i tude, behaviour,  concerns, cha l lenges, aspirat ions, cu lture or  l i festyles.  

Qual i tat ive research is  def ined as “a form of systematic empir ical inquiry  into 

meaning” (Shank 2002, p.  5,  c i ted in Ospina 2004, p.  1281 ).  The term 

systematic s tands for  ‘p lanned, ordered and publ ic ’ ,  whereas the term 

empir ical means the percept ion of  others ’  sensit ive experiences. The method 

design ident i f ies four key components:  emphasis on natura l set t ings; focus 

on interpretat ion and meaning; focus on part ic ipants ’  own c ircumstances 

sense; and the use of  mult ip le te chniques (E l l inger et  a l .  2005).  Th is 

provides further  analysis of  the sta t is t ics  and numbers of  quant i tat ive 

research, the method of  conduct ing qual i tat ive research inc ludes:  in -depth 

interviews, open -ended surveys and feedback forms.  

Prev ious related researches inc lude Rossi et  a l .  (2009)  who used 

observat ions and interviews,  Lundgren et  a l .  (2004)  who in terv iewed 

part ic ipants in the Nord ic countr ies and Thomsen et  a l .  (2005)  who 

conducted a qual i tat ive performance survey of  twelve demonstrat ion projects 

in di f ferent countr ies.  Similar to the q uant i tat ive research methods discussed 

previously,  qual i tat ive  is a possib le methodology for the both di rect ions of  

th is study. I t  cou ld be achieved through conduct ing a  quest ionnaire or 

interviews with arch itects and specia l is ts.   

4.2.5  S IMULAT ION  

The methodology of  s imulat ion research is of ten appropr iate to 

composite researches such as energy prospects.  Specif ic computer  software 

or groups of  mathematical equat ions are usual ly used to simulate 

compl icated models to faci l i tate a comprehensive study. Even easie r than 

the exper imenta l method in th is study,  s imulat ion al lows the manipulat ion of  

one var iable  at  a  t ime to pred ict  i ts ef fects  wi th in the other parameters.  More 

than half  of  the avai lable researches on TSC have adopted s imulat ion 

methodology.  Almost  a l l  of  them simula ted technica l parameters of  the 

technology such as: performance, heat  t ransfer and wind ef fects.  

Kutscher et  a l .  (1993)  was one of  the f i rst  to adopt s imulat ion research 

for TSC. Two-dimensional commerc ial  computat ional f lu id mechanics (CFD) 
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software was used by Gunnewiek et  a l .  (1996) ,  Gunnewiek et  a l .  (2002) ,  

Dymond and Kutscher (1997)  and Wang et a l .  (2006) .  A three-d imensiona l 

CFD s imula t ion was used by Arulanandam et a l .  (1999) .  Simulat ion 

methodology us ing Transient System Simulat ion Software (TRNSYS) was 

conducted by Maurer (2004)  and Del is le (2008) .  Brown (2009)  has conducted 

simulat ion methodology using RETScreen® software  in his study to  evaluate 

the thermal performance of TSC.  

Simulat ion is foreseen as a useful  methodology to predic t  TSC 

performance and operat iona l chal lenges. To achieve th is  purpose, the 

fo l lowing few set -ups have to be sat isf ied:  

-  Credible s imulat ion software to predic t  the TSC performance and 

ef fect iveness parameters.  

-  The ava i lab i l i ty  of  comparab le data,  e i ther  publ ished data or f ie ld 

work measurements.  

-  A proper va l idat ion or corre lat ion regime; th is cou ld be conducted 

experimenta l ly  e i ther in the laboratory or in f ie ld work.  

 DET ERMINAT ION OF RESEARCH  METH OD OL OGY  4.3

Determin ing appropria te methodology is a chal leng ing task. I t  has to 

tackle the research variab les and prov ide a  useful approach to solving the 

problem ( Ismai l  2005).  There is no individual best methodology which 

sat isf ies the research aim and object ives. I t  is deemed appropr iate therefore 

to div ide the research methodology into two interre lated st rands connected 

to the two main resea rch di rect ions:  

1)  The f i rs t  st rand deals with arch itectural  integrat ion which mainly  

explores human desires percept ion and preferences re lat ing to TSC 

(sect ion 4.4) and supplementary prototypes exper imenta l un its  

(sect ion 4.5).  

A number of  methods were considered under to conduct th is st rand as 

out l ined in the in troduct ion (sect ion 4.1) .  The disqual i f ied methods were:   

-  Case study (sect ion 4.2.1) that  was exc luded due to not at ta in ing 

as an accessib le case (pro ject ) with in the t imeframe .  
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-  Simulat ion (sect ion 4.2.5) that  was exc luded due to the absence 

of  cred ible  software to simulate  TSC and absence of  empir ical  

data for compar ison.  

Methods which were ut i l ised  for th is st rand are :  

-  Mixed-method (sect ion 4.4) that combine quant i tat ive  and 

qual i tat ive research methods  to of fset individual weakness  of  each 

sub-method. Th is was considered to  prov ide the most  

comprehensive analysis of  the research hypothesis.  

-  Experimenta l f ie ld s tudy (prototype) (sect ions 4.2.2 and 4.5)  that  

was a lso chosen as a supplementary method that add ing 

signif icance to  the survey results  as a ‘ learning by do ing’  tool,  

especia l ly  the design and construct ion part  of  i t .  

2)  The second one relates to the technologica l  innovat ion development 

of  TSC that ana lyses the TIS components,  funct ions and interact ion 

between funct ions in the UK and North Amer ica (sect ion 4 .6).  

This strand was conducted through qual i tat ive method (sect ions 4.2.4 

and 4.6) through analys is of  semi -st ructured interv iews and other 

secondary data in addit ion to re levant data from the quest ionnaire 

(sect ion 6.2).  

Arch itectural science research studies are of ten interd isc ip l inary;  

therefore,  i t  is deemed reasonable that  the ideology of  th is  study comprises 

mult id isc ip l inary st rategies where sub servient  methods are appl icab le.  

 ARCHIT ECTU RAL INTEGR ATION –  M IXED -METH OD OL OGY  4.4

The aforement ioned qual i tat ive and quant i ta t ive research methods have, 

to some extent,  a strong relevance to  the f i rst  research di rect ion in th is  

study. To the author ’s  knowledge, th is  is  the f i rst  study focused specif ical ly 

on the architectura l in tegrat ion of  TSC. The focal point  here is to  grasp an 

insight  of  the architects’  percept ion of  the TSC technology as wel l  as the 

chal lenges and l imitat ions to integrat ion. The r esearch parameters be ing 

explored in th is d irect ion include:  
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-  Awareness of  t ransp ired solar  technology.  

-  Arch itects ’  percept ions, recommendat ions and preferences.  

-  Arch itectural integrat ion of  TSC or PV/TSC in terms of locat ion in 

bui ld ings, posi t ions,  or ien tat ion, s ize,  specif icat ions, ef f ic iency, 

performance and funct ion.  

-  TSC and PV/TSC aesthet ics and funct ion.  

-  Build ings type,  s ize, and funct ion.  

Accord ingly mixed -methodology, which compr ises quant i tat ive  and 

qual i tat ive design, is  deemed the most appropr iate approach to address 

archi tectural integrat ion of  TSC. Accord ing to El l inger et  a l .  (2005) ,  i t  

represents the integrat ion of  two or more methods. Eac h sub-method 

complements the strengths of  the other,  and substant ia l ly of fsets thei r 

weakness.  Al though there are di f ferent  def in i t ions of  mixed -methodology, 

Tashakkori  and Teddl ie (1998, pp. 17 -18) def ined mixed-methodology as the 

studies that “combine the qual i tat ive and quant i tat ive approaches into  the 

research methodology of  a single study or mult iphase study” .  According to 

Creswel l  (2006) ,  mixed-methodology is a research design with phi losophical 

assumpt ions and methods of  enquiry.  The data col lect ion and analys is is 

guided by these ph i losophica l assumpt ions in a mixture of  quant i tat ive and 

qual i tat ive approaches.  

The mixed-method research is therefore be ing adopted in th is study due 

to the complexity of  the research.  Therefore,  a combinat ion of  both methods 

provides the most comprehensive understanding and analysis  of  the 

research hypothesis.  Conduct ing mixed -method research requires certa in  

steps: feas ibi l i ty of  the methodology;  rat ionale;  data co l lect ion strateg ies 

and designs;  specif ic  quest ions; data  col lect ion and analysis;  and wr i t ing 

resul ts.  

Methods of  col lect ing data in mixed -methodology inc lude structured 

interviews,  surveys (quest ionnaires),  and observat ions.  The quest ionnaires 

can be conducted in interv iews, v ia post mai l ,  v ia emai l ,  o r by using web -

based survey quest ionnaire design. Interviews can take place ei ther through 

face-to-face meet ings or  through other technology and could be: 
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unstructured ( i .e.  during da i ly conversat ions);  semi -st ructured (using 

interview guide);  group meet ings; or individual (an in -depth interv iew).  Data 

col lect ion can e ither be concurrent  (Fig.  4 -1) or sequent ia l  des ign (Dr iscol l  

et  a l .  2007) .   

 
Figure 4-1: Concurrent Design of  the mixed -methodology, inspi red from 
(Drisco l l  et  a l .  2007 ) 

Mixed-methodology has three dif ferent potent ia l  des ign approaches in 

terms of report ing the resul ts accord ing to Creswel l  (2006) :  

Structured Survey  

Closed 
Quest ions  

Open-ended 
Quest ions  

Interv iews  

Quant i tat ive 
analys is  

sof tware (SPSS) 

 

Qual i tat ive 
analys is  

sof tware (NVivo)  

Qual i tat ive 
analys is  

sof tware (NVivo)  

 

Database  
Output  of  code –  

Dichotomous 
and ordinal  

var iables  

Output  of  code –  
Dichotomous 
and ordinal  

var iables  

Database  Database  

Merge based on unique  

Corresponding ident i f iers  

Final  Database /  Analys is  
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-  Merge quant i tat ive and qual i tat ive for the results.  

-  Connect e i ther of  the data into another for the resul ts;  or  

-  Embed either of  them into another to get the resul ts.   

Mixed-methodology has pragmatic advantages for complex research 

problems whi le i t  provides a more comprehensive insight of  the s tudy. I t  

furthermore takes advantage of  the st rengths of  both qual i tat ive and 

quant i tat ive methods where th is  combinat ion leads to  better  understanding 

of  research problems rather than either approach alone.  

The fo l lowing sub-sect ions summarise the selecte d technology and 

software packages for  mixed -methodology design.  

 WEB -B ASED SURVEY -  SURVEYG IZMO  i)

The web-based survey quest ionnaire design is more ef f ic ient than the 

rest  of  the tradit ional quest ionnaire techniques in terms of t racking system, 

accuracy, and data col lect ion. There are many service providers which range 

from f ree usage to cost ly providers;  however,  most of  them have pr ic ing and 

serv ice opt ions.  

The features of  a number of  potent ia l  web -based surveys’ fac i l i tators 

were compared. These include L ime Survey (www.l imesurvey.org ),  Survey 

Monkey (www.surveymonkey.com), Esurvey Pro (www.esurveyspro.com) and 

SurveyGizmo (www.surveyg izmo.com). SurveyGizmo was se lected because 

of  the free Student -Edit ion, 24 hours onl ine l ive he lp serv ice, the varie ty of  

quest ion types, image uploading and other features.  

 QUANTITAT IVE DATA  AN ALYSIS  SOFTWARE -  SPSS ii)

Quant i tat ive analysis  is t he process of  interpret ing the output data 

stat is t ical ly.  This deals with the closed -end survey quest ions.  Due to the 

amount of  data to be analysed and to pursue accuracy, the use of  reputable 

analys is software was deemed appropriate.  IBM SPSS ( www.ibm.com/spss)  

has been se lected to run the quant i tat ive analys is in th is  study. Stat ist ica l  

Product and Service Solut ions (SPSS), provided by Internat ional  Business 

Machines Corporat ion (IBM), is among the oldest and most p opular  software 

http://www.limesurvey.org/
http://www.surveymonkey.com/
http://www.esurveyspro.com/
http://www.ibm.com/spss


HASAN JAMIL ALFARRA CHAPTE R 4  | |  RES EA RCH METHO DO LOGY  

 

  Page |  120  

packages for quant i tat ive data analys is .  I t  is  extremely powerfu l  wi th bui l t - in 

assistance for users.  The latest  avai lable version is ‘ IBM SPSS Stat ist ics 

20’.   

Validity and rel iabil i ty:  SPSS conducts various commands of  input,  

t ransformat ion, analys is and output data va l id i ty such as internal  and 

external  val id i ty.  These opt ions of  val idat ing stat ist ics and data  include:  

measures used; des ign and sett ings; and concurrent and predict ive  

val id i ty .  The software is a lso rel iable in the method i t  is of fered as wel l  

as in i ts predict ive data.   

 QUALITATIVE DATA ANA LYSIS  SOFTWA RE -  NV IVO  iii)

Quali tat ive data,  usual ly in the form of words, has ga ined increasing 

interest by researchers whi le there is more of  a shif t ing towards qual i tat ive 

paradigms in the last  decades (Mi les and Huberman 1994 ; Packer 2010). 

Qual i tat ive Data Analysis (QDA) comprises a set of  methods for organising,  

d isplaying,  processing, summaris ing, and interpret ing non -numer ic data .  

Computer assisted qual i tat ive  data analysis  software (CAQDAS) saves 

analys is t ime.  The advantages of  CAQDAS include: speeding up the coding 

process; analys ing the complex re lat ionsh ips of  data;  prov iding a formal 

wr i t ing structure;  stor ing development notes; and addi ng more conceptual 

and theoret ica l th ink ing about the data analysis.  However,  there are also a 

few cr i t ic isms which include a fear that the increasing use of  CAQDAS wil l  

d istance researchers f rom the i r data.  This might resu lt  in a convergence 

towards a s ingle homogeneity and or thodoxy of  data analys is (Barry  1998).   

NVivo 10 was selected which has powerful  text  query too ls,  for example,  

i t  enables the search funct ion for exact and synonym words to broadly test  

theories.  I ts workspace is designed based on the Microsoft  Off ice user 

interface guidel ines to  be more famil iar and provide easy access to project  

mater ia ls.   

Validity  and rel iabil i ty:  The software outputs have been val idated and 

proved rel iable in publ ished research in sc ient i f ic journa ls.  Among those 

research stud ies are Koh (2011),  Rait t  (2007)  and Gibbs (2002) .  
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4.4.1  QUESTIONNA IR E  

The quest ionnaire (Appendix A) was designed to address the research 

aim and object ives (sect ion 1.4) by an alys ing the percept ions and chal lenges 

of  a wide populat ion of  arch itects and other bui ld ing profess ionals  in re la t ion 

to integrat ing t ranspired solar technology (TSC) in bui ld ing envelopes.  

These profess ions were ident i f ied as having a great potent ia l  imp act on the 

di f fus ion of  TSC as h ighl ighted in sect ion 1.3.  The quest ions were designed 

to shed l ight on informat ion ei ther reported or perceived f rom the l i terature 

review (sect ions 2 .4,  2 .5 and 3.2).  

A pi lot  study target ing a few experts in the f ie ld was used to improve the 

survey before the f inal version was issued (sect ion 4.4.1i i i ) .  The 

quest ionnaire conta ined f ive sect ions (sect ion 4.4.1i )  which are descr ibed 

below. Quest ions types and rhythm (sect ion 4.4.1i i )  were varied to avoid 

boredom and bias and specia l is t  quest ions were only asked i f  appropr iate 

awareness had al ready been indicated.   

Both qual i tat ive and quant i tat ive methods were used to assess the 

survey, g iven the mix of  c losed and open -ended quest ions.  

 QUESTIONNA IR E STRU CT URE  i)

The survey was st ructured in f ive sect ions in order to control  the 

management of  data col lect ion and ease the analys is;  these sect ions were: 

1) int roduct ion, 2) personal informat ion,  3) integrat ion examples, 4) 

archi tectural integrat ion of  TSC,  and 5) key issues.  

 INTRODUCT ION  1.

Introductory informat ion (aim and purpose of  the survey)  was provided to 

guide the part ic ipant through the survey. This sect ion i l lustrated that the 

survey had eth ics approval  f rom the Research Eth ics Commit tee of  the 

Welsh School o f  Architecture (EC12 03.114 –  Appendix E).  I t  a lso highl ighted 

necessary in format ion regard ing the possible t iming, nature of  contr ibut ion,  

voluntary part ic ipat ion,  the opt ion of  wi thdrawal and the contact detai ls .  This 

informat ion was also typica l ly avai lable in the invi tat io n emai l  that was sent 

to the part ic ipants.  
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 SECTION  A:  PER SONAL INFOR MATION  2.

The introduct ion was fo l lowed by personal informat ion quest ions which 

would enable the responses to be analysed with respect to geography, 

profess ion, work ing f ie ld,  experience and exist ing awareness of  TSC 

technology. The geographic locat ion of  the part ic ipant has also been veri f ied 

by the web-based survey tool as a conf irmatory measure of  re l iabi l i ty.  

 SECTION  B:  REAL INT EGRATION EXAMPL ES  3.

This sect ion was preceded by i l lust rat ive s chematic graphs of  TSC and 

hybrid  (PV/TSC) insta l lat ions. The examples were se lected f rom Canada, 

USA, and Europe to i l lust rate integrat ion of  TSC and hybr id TSC ( includ ing 

PV).  The part ic ipant  was inv i ted to  assess the example in  terms of mult i -

funct ional i ty and aesthet ics.  The images were selected based on the 

cr i ter ion of  c lar i ty and relat ion to the statement be ing tested. The 

part ic ipants were a lso given the opportun ity  to express thei r v iews on other 

re lated issues for each example.  

 SECTION C:  ARCH ITE CTURAL INT EGRAT ION O F TR ANSPIRED SOLA R 4.

COLL ECT OR S  

These quest ions were categorised in groups that addressed simi lar  

subjects.  The part ic ipants cou ld express their op inions on bui ld ing 

integrat ion for a var ie ty of  bui ld ing types and integrat ion schemes. Tho se 

respondents who ind icated an exist ing awareness of  TSC were also invi ted 

to answer quest ions relat ing to commercial ly avai lable TSC products.  

Further quest ions e l ic i ted preferences and recommendat ions about general 

integrat ion of  so lar  thermal.  

 SECTION  D:  KEY ISSU ES  5.

This f inal sect ion of fered an opportunity for  part ic ipants to indicate key 

issues, chal lenges and barr iers which had not previously been covered in  

the survey. Th is sect ion was fo l lowed by the acknowledgement and ‘ thank 

you’ page.  
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 QUESTION DESIGN  ii)

Having developed subject groupings to el ic i t  the part ic ipants’  

understanding and v iews on the dr ivers and barr iers to TSC, a varie ty of  

quest ion formats were used inc luding Likert  sca le,  mult ip le -cho ice,  

d ichotomous, and open-ended quest ions. The Likert  scale termino logy was 

developed by the psycholog ist  L ikert  (1932)  as a psychometr ic  i temised 

rat ing sca le.  I t  was commonly appl ied in surveys to measure at t i tudes and 

percept ions (F ink 2003; Marsdden and Wright 2010 ).  Mult ip le-cho ice 

quest ions were used to ascerta in the percept ions of  the part ic ipant where 

there was no pr ior  ind icat ion f rom the l i tera ture of  the l ikely  answers.   

 P ILOT  SU RVEY  iii)

A pi lot  study was conducted to ident i fy any amendments required before 

launching the survey.  Seventeen bui ld ing profess ionals par t ic ipated in the 

pi lot ,  ten of  whom made recommendat ions. The part ic ipants represented the 

targeted part ic ipants;  archi tects,  e ngineers and researchers.  The pi lot  study 

was used to conf i rm the rel iabi l i ty and val id i ty of  the quest ionnaire.  The pi lot  

survey lasted for e ight  days in Apri l  2012. The recommendat ions focused on 

logist ica l issues and revis ion of  quest ions to  ensure clar i ty and lack of  b ias.  

One dif f icul ty was in ensuring that the quest ions re lat ing to bui ld ing 

regulat ions were appropriate  for  internat ional par t ic ipants as wel l  as UK 

part ic ipants.   

Some pi lot  part ic ipants commented that the survey was lengthy. After  

consult ing wi th re levant experts,  i t  was decided to retain al l  the quest ions, 

but to re -arrange them to ensure the maximum benef i t  f rom each part ic ipant,  

even those who did not fu l ly complete the survey. Moreover,  s ix quest ions 

were only posed to adequately inf ormed part ic ipants in order to minimise the 

survey length for unaware part ic ipants.  

 LAUNCH  AND  DISTRIBUTI ON  iv)

The quest ionnaire was launched on 16 t h  May 2012 and was accessib le 

for 77 days fo l lowing an extension of  17 days. The data co l lect ion was 

stopped thereafter due to reaching a sat isfactory number of  responses and 
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moreover,  many of  the targeted busy professiona ls were deemed to be in 

summer vacat ion fo l lowing 1 s t  August 2012. I t  was distr ibuted to a large 

populat ion of  arch itects,  engineers,  academics a nd other pro fessiona ls in  

the bui ld ing indust ry in a variety of  countr ies.  Although a survey of  c l ients ’  

percept ions (sect ion 3 .3) would be useful ,  they are di f f icu l t  to  ident i fy in the 

absence of  a professional organisat ion for c l ients.  Nevertheless, cons ult ing 

archi tects were deemed to ref lect  c l ients’  percept ion with in thei r 

part ic ipat ion. I t  was also considered that c l ients would be unl ike ly to have a 

detai led understand ing of  integrat ion schemes and further technica l 

characterist ics .  

Dis tr ibut ion was focused on countr ies with  long heat ing seasons and 

potent ia l  integrat ions of  TSC, pr imar i ly Canada, USA, UK and main land 

Europe. Efforts  were made to contact as many people as possib le with in the 

targeted groups. Th is decis ion was based on the recommendat io n “ [a lways] 

select  more part ic ipants than you need, part icular ly i f  you are using a 

sample of  humans. People … notoriously … don’t  turn up when they are 

supposed to … and don’t  f i l l  out  quest ionnaires proper ly”  (Pa l lant 2011, p. 

4).  Th is was taken to heart ,  part icu lar ly s ince the targeted populat ion were 

presumably busy professiona ls with extensive workloads.  

Invi tat ions were sent  to more than 46,240 people via direct  emai l  

contact.  Of these, approximate ly 19,750 were arch itects and 11,105 were 

engineers in the UK, Canada and USA. The remai n ing 15,385 represented 

archi tects,  eng ineers and other profess ions from main land Europe and 

beyond. The l ist  of  inv i tat ions was f i l te red careful ly to avo id any dupl icated 

emai l  addresses; however,  there was potent ia l  for more than one invi tat ion 

to reach part ic ipants with two or more di f ferent emai l  addresses. Addit iona l 

indi rect  invi tat ions were sent through networks such as LinkedIn,  and 

profess ional associat ions such as the UK Archi tects Registrat ion Board 

(ARB), UK Royal Inst i tute of  Bri t ish Arch itects  (RIBA),  the Royal  

Arch itectural Inst i tute  of  Canada (RIAC),  and the American Inst i tute of  

Arch itects  (AIA) as shown in  Table  4 -1.  Responses were contro l led by s ingle 

indiv idual use per the Internet  Protocol  ( IP) address to prevent  mult ip le  

submiss ions.   

http://www.architecture.com/
http://www.macmillandictionary.com/search-thesaurus/british/direct/?q=Internet
http://www.macmillandictionary.com/search-thesaurus/british/direct/?q=Protocol
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Table 4-1: Examples of  the sources that have been used to t ransmit  email  
assesses f rom, for d irect  inv i tat ions  

  
Architects Engineers and Others 

U
n

it
ed

 K
in

g
d

o
m

 

Academia (883) 

- Welsh School of Architecture, Cardiff 
University 

- Architectural Association (AA) School of 
Architecture 

- Bath University 
- Sheffield University 
- The Glasgow School of Art 
- UK Surrey University 

 

Professional (5,054) 

- Architects Registration Board (ARB) 
- Royal Institute of British Architects 

(RIBA) 
- Royal Incorporation of Architects in 

Scotland (RIAS) 
- Architecture Centre Network 
- Association of Consultant Approved 

Inspectors 

Academia (352) 

- School of Engineering Cardiff University 
- Greenwich University, System Engineers 
- Sheffield University 
- The Glasgow School of Art 
- UK Surrey University 
- Bath University 

 

Professional (3,057) 

- Chartered Institution of Building Services 
Engineers (CIBSE) 

- Chartered Institute of Building (CIOB) 
- Association of Building Engineers (ABE) 
- Construction Industry Council (CIC) 

 

C
an

ad
a 

Academia (288) 

- Dalhousie University, Faculty of 
Architecture and Planning 

- University of Manitoba, Faculty of 
Architecture 

- University of Toronto, John H. Daniels 
Faculty of Architecture, Landscape, and 
Design 

- Laval University, Faculty of Planning, 
Architecture, Arts and Design 

- University of Calgary, Faculty of 
Environmental Design 

 

Professional (2,096) 

- Royal Architectural Institute of Canada 
(RAIC) 

- American Institute of Architects (AIA), 
Canadian members 

- Architectural Institute of British 
Colombia (AIBC) 

- Ontario Association of Architects (OAA) 
- Northwest Territories Association of 

Architects (NWTAA) 
- Manitoba Association of Architects 

(MAA) 

Academia (334) 

- University of Waterloo, Faculty of 
Engineering 

- Faculty of Applied Science and 
Engineering, University of Toronto 

- University of British Columbia, 
Engineering 

- University of Alberta, Faculty of 
Engineering 

- McGill University, Faculty of Engineering 
- McMaster University, Faculty of 

Engineering 
 

Professional (1,943) 

- Engineers Canada 
- Canadian Solar Industries Association 

(CanSIA) 
- Solar and Sustainable Energy Society of 

Canada Inc 
- National Renewable Energy Laboratory 

(NREL) - Canadian listings 
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Table 4 -1 Continued: Examples of  the sources that have been used to 
t ransmit  email  assesses from, for  d i rect  invi ta t ions  

  
Architects Engineers and Others 

U
n

it
ed

 S
ta

te
s 

o
f 

A
m

er
ic

a 
Academia (656) 

- Harvard University 
- Yale School of Architecture (YSOA) 
- University of Virginia, School of 

Architecture 
- University of Pennsylvania, School of 

Design 
- University of Cincinnati, School of 

Architecture and Interior Design 
- Cornell University, Department of 

Architecture 
- College of Environmental Design, 

University of California, Berkeley 
- Sci-arc University 

 

Professional (10,773) 

- American Institute of Architects (AIA) 
 

Academia (1,489) 

- Arizona State University, Engineering 
School 

- Massachusetts Institute of Technology 
- Binghamton University 
- College of Engineering at Colorado State 

University 
- Princeton University 
- Washington University 
- Brown University 

 

Professional (3,930) 

- National Society of Professional Engineers 
- Leadership in Energy and Environmental 

Design (LEED) 
- National Renewable Energy Laboratory 

(NREL) 
- Arizona Society of Professional Engineers 
- Association of Energy Engineers 
- California Society of Professional 

Engineers 
- Florida Engineering Society 
- Institution of Mechanical Engineers 
- Nevada Society of Professional Engineers 
- New York State Society of Professional 

Engineers 
- Texas Society of Professional Engineers 

M
ai

n
la

n
d

 E
u

ro
p

e 

Academia (2,304 minimum) 

- TU Delft University, Energy - Netherlands 
- Zurich University, Department of Architecture 
- Munich University of Applied Sciences 
- Escuela Técnica Superior de Arquitectura de Madrid in Spain 
- University of Applied Sciences in Germany 
- The Faculty of Architecture in Alghero, Italy 
- Università degli Studi di Brescia, Italy 
- Higher Trade School of Hannover, Faculty of Architecture and Landscape Sciences 

 

Professional (12,822) 

- Royal Institute of British Architects (RIBA), European contacts 
- Architects Council of Europe (ACE) 
- Professional Associations in many European Countries 

Literature Review, Authors and Research Contributors (259) 

http://www.timeshighereducation.co.uk/world-university-rankings/2011-12/subject-ranking/subject/engineering-and-it/institution/massachusetts-institute-of-technology
http://www.timeshighereducation.co.uk/world-university-rankings/2011-12/subject-ranking/subject/engineering-and-it/institution/princeton-university
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 VALIDIT Y A ND REL IABIL ITY  v)

Valid i ty and re l iab i l i ty are  the means of  ensur ing good measuring.  

Val id i ty is broadly def ined as “ the extent to  which a measurement method 

measures what i t  is intended to” (McDowel l  and Newell  1987, p.  330, c i ted in  

Fawcett  2007).  Val id i ty could be tested in a number of  methods to deter mine 

the ef fect iveness of  quest ion design towards the concept being assessed.  

These methods might be face val id i ty,  content val id i ty,  cr i ter ion or  construct  

val id i ty (Fawcett  2007 ).  The face and content val id i ty ,  which are subject ive 

measures of  the quest ions in accordance with pre -exist ing theory or 

experience, were ascertained dur ing the pi lot  stage of  the quest ionnaire.  

Further content val id i ty was ascertained by the part ic ipants,  especial ly those 

who sent completed responses of  the quest ionnaire.  A few  notes were made 

in regards to the language of some quest ions.  

Const ruct  va l id i ty cou ld be used to ensure the meaningfu lness of  the 

quest ions to measure that which was intended to be measured in accordance 

to pre-exis t ing theory (L i twin 1995).  Th is was not re levant  to the 

quest ionnaire purpose which was designed to perceive understanding , 

chal lenges and recommendat ions with l imited pre -exis t ing informat ion.  

The rel iabi l i ty is known as the degree of  stabi l i ty of  data or observat ion 

when repeat ing a measurement  of  ident ica l  condit ions. The re l iabi l i ty of  a  

survey cou ld be assessed in three  forms: test - retest  re l iab i l i ty,  a l ternate -

form re l iab i l i ty,  and/or interna l consistency re l iab i l i ty  (L i twin 1995).  The test -

retest  assessment was not possible as i t  measures the s tabi l i ty of  two t imely 

di f ferent  responses from an individua l part ic ipant that was to  be excluded by 

the IP cont rol l ing technique of  the survey tool.  A lternat ive -form rel iabi l i ty 

measures two dif ferent ly worded quest ions for responses that produce a 

simi lar concept or evolve a comparab le response (L i twin 1995).  This  was 

indi rect ly ascertained for certa in quest ions such as quest ion 29 that 

examined the part ic ipant ’s fami l ia r i ty of  commercia l  TSC technology and the 

awareness of  the same part ic ipant in quest ion seven. Further  d iscussion has 

been included in sect ion 5.10.1.   

Internal consistency rel iabi l i ty is app l ied to  a group of  i tems that were 

combined to form a single sca le rather  than one i tem. I t  ref lects th e 
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complementat ion of  the i tems in measur ing di f ferent aspects of  the same 

variab le or qual i ty (L i twin 1995).  The internal consistency re l iabi l i ty is 

commonly expressed in the form of  a  correlat ion coef f ic ient cal led 

Cronbach’s alpha (α)  which examines the degrees of  correlat ion between 

severa l quest ions intended to measure  the same under ly ing concept and has 

to exceed 0.70 for  good rel iabi l i ty (L i twin  1995).  Th is test  cou ld only be 

ascerta ined af ter receiving responses, therefore,  the rel iabi l i ty was checked 

fo l lowing the rece ipt  of  the f i rst  100 responses. The Cronbach’s  alpha (α) 

was ca lcu lated us ing ‘SPSS’.  Table 4 -2 shows the calculated (α) for severa l  

themes being tested. Since al l  four cases tested exceed 0.70, i t  is  indicated 

that the survey is internal ly consistent and therefore rel iable.  

Table 4-2: Cronbach's  Alpha Rel iab i l i ty Stat ist ics  

Cases being tested Cronbach's α  I tems 

tested  

Decision Making (Section 5.5 .3)  .710  18 

Integrat ion Examples (Section 5.6)  .858  14 

Architectural  Integration Quali ty (Section 5.7)  .722  20 

Sustainable Characterist ics (Section 5.8)  .705  7 

 

4.4.2  STATIST ICAL ANAL YSIS  

Stat ist ica l  analys is of  quant i tat ive data reinforces conf idence in  the 

resul ts in comparison to the non -stat ist ica l  analysis presented in other 

re levant  surveys .  This  drawback was acknowledged by Horvat et  a l .  (2011)  in 

re lat ion to the i r survey of  the d ig i ta l  too ls  used for  solar des ign (sect ion 

3.2.2i) .  The stat ist ics  add signif icance va lue to the data;  i t  quant i f ies the 

possib le di f ferences or simi lar i t ies in data using proven and robust 

techniques. I t  can furthermore, infer a  conclusion about populat ion from a 

smal l  subset sample o f  the populat ion; th is is part icu lar ly suitab le for la rge 

survey pools  (Fie ld 2009) l ike th is study.  

Specif ic sta t is t ica l  tests are appl icable for certa in data types.  The 

quest ion design and data col lected pre -determined the type of  stat is t ical  

analyt ic tests undertaken. Stat is t ical  analyses were performed using the 
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SPSS package .  Non-parametr ic tests  are  ideal for nomina l (categorica l ) and 

ordinal  ( ranked) var iables (F ield 2009; Pal lant 2011) such as those 

generated by th is survey. The most  sui table tests  to be carr ied out for  the 

data of  this s tudy were ‘Pearson’s Chi -square test ’ ,  ‘Spearman’s correlat ion 

coeff ic ient ’  and “Mathematical  Mean ”  which are described hereafter.  

 PEAR SON ’S CHI -SQUA RE TEST  i)

Pearson’s Chi -square test  is a lso ca l led the Chi -square test  for  

independence. I t  is used to explore the signi f icance of  a re lat ionship and the 

associa t ion between two categorical variab les.  Th is is based on a 

compar ison of  observed results  with ideal ly  expected frequencies.  The 

Pearson’s Chi -square (  )  is g iven by (F ield 2009):   

    ∑
          

 

   
                   ( 4-1)  

Where ‘ ’  is the observed data,  ‘ ’  is  the expected data,  ‘  ’  represents 

the rows in  the cont ingency table  and ‘  ’  represents the columns.  The 

stat is t ics can thereaf ter be checked against a d ist r ibut ion with known 

propert ies.  The Chi -square va lues are drawn from a cross -tabu lat ion of  the 

two categor ica l variab les.  A degree of  f reedom (df ) for the dist r ibut ion is  

calcu lated as            where   represents the number of  rows and   

represents the number of  co lumns. The assumptions of  the Pearson’s Chi -

square test  are:  random samples; independent observat ions where each 

respondent or case is counted once; and the frequency of  each cel l  is  

greater than f ive.  I f  the last  assumption is not achieved, the Pearson’s Chi -

square test  wi l l  be vio lated and considered inval id for that part icular 

analys is.  

As Pearson’s Chi -square explores the signif icance of  associat ion 

between var iables,  the nul l  hypothesis of  the test  is that the var iables are 

independent.  The convent ional value of  s ignif icance,    ( the asymp. Sig .  

value),  must be less than 0.05 in order to re ject  the nul l  hypothesis  and then 

gain conf idence that the variab les are in some way rela ted. Otherwise, the 

hypothesis  of  variab les indep endency is to  be accepted (Fie ld 2009).   



HASAN JAMIL ALFARRA CHAPTE R 4  | |  RES EA RCH METHO DO LOGY  

 

  Page |  130  

Effect size:  “ the st rength of  the d i f ference between groups,  or the 

in f luence of  the independent variab le”  (Pa l lant 2011, p.  207) .  Sta t ist ics  can 

also be used to  determine the ef fect  s ize.  The most  commonly used one for  

2 x 2 tables is ‘phi coeff ic ient ’  which ranges from 0 to 1,  with the higher 

value indicat ing a stronger associat ion between the two var iables.  For larger 

tables,  Cramer ’s V is commonly used which takes into account the degree of  

f reedom (Pal lant 2011).  Table 4 -3 shows dif ferent cr i ter ia of  the size of  

ef fect .  

Table 4-3: Dif ferent cr i ter ia for the ef fect  s ize (Pal lant 2011, p.  210 ) 

Number of Variable 
Categories /  Cells  

Effect Size  

Smal l  Medium Large 

Two  .01 .30 .50 

Three  .07 .21 .35 

Four  .06 .17 .29 

 

Reporting the results :  the importance of  report ing Chi -square results is the 

determinat ion of  the associat ion’s  s ignif icance between variables.  The 

Pearson’s Chi -square test  is  of ten represented by the fo l lowing term:      

                                                     .  

 

 SPEA RMAN ’S C ORR ELATION COEFF ICIENT  ii)

Spearman’s correla t ion coeff ic ient  is a  non -parametr ic b ivariate  

correlat ion test  usual ly known as Spearman’s -rho and represented as ‘rho ’.  

I t  is a usefu l stat ist ica l  technique that determines the correlat iona l st rength 

and direct ion between var iables.  The  value of  Spearman’s -rho ranges from  

(-1) to (+1) where the sign in f ront indicates the direct ion of  the relat ion,  

with ±1 represent ing perfect  corre lat ion.  Zero represents no relat ion 

indicat ing that  the var iables are independent which is the nul l  hypoth esis.  

Table 4-4 shows guide l ine va lues for the correlat ion coeff ic ient.  The level of  

associa t ion is  therefore g iven by (Spearman’s - rho) whereas the stat is t ical  

signif icance ‘ ’  in  the correlat ion is an indicat ion of  the conf idence in the 
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resul ts ra ther than st rength of  re lat ionship.  However,  ‘ ’  va lue should be 

less than 0.05 to gain conf idence (F ield 2009 ; Pal lant  2011).   

Table 4-4: Guide l ines of  correlat ion  coeff ic ient (Cohen 1988, c i ted in Pal lant 
2011) 

Correlation Coeffic ient  Negative Correlation  Positive Correlat ion  

Small  - .10 to - .29  .10 to .29 

Medium - .30 to - .49  .30 to .49 

Large - .50 to -1.0  .50 to 1.0  

 

Coefficient of determination :  the sign if icance of  the di f ference between 

correlat ion coeff ic ients is of ten ca lcu lated manual ly as the opt ion is not 

avai lab le us ing SPSS. The rho va lues are to be converted into a  standard 

score form (referred to as    score) which are tabulated agains t rho values 

(Table C-1 in Appendix C).  The fo l lowing equat ion est imates      where N is 

the respondent numbers according to Pal lant (2011) :  

      
            

√
 

     
  

 

     

               ( 4-2)  

There wi l l  be s ignif icant d i f ference betw een the two corre lat ion 

coeff ic ients i f  the value of       is less than -1.96 or greater than +1.96.  

Reporting the results :  when report ing Spearman’s corre lat ion coeff ic ient,  

there is a need for ‘ rho ’  value and ‘ ’  value. The rho value is of ten wr i t ten  to 

two decimal p laces wi thout the leading zero before the decimal point  ( .xx),  

as i t  does not exceed one.  

 MATH EMAT ICAL MEAN  iii)

The mathemat ical  mean was used in  part icular L ikert  scale  quest ions;  

those are the ra t ing of  the example projects (sect ion 5.5.3) and factors 

inf luencing susta inabi l i ty of  TSC (sect ion 5.7.2).  To simpl i fy understanding 

of  the ranking sca le,  the Likert  sca le was weighted by numer ica l scale  of  

±100 (-100, -50, 0,  +50, +100) in order to report  the respondents rat ing in 

percentage form. Th is weight ing sca le was a direct  convers ion from the 

orig inal L ikert  sca le being accessed by the part ic ipants in the survey ( -2)  
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very poor,  ( -1) poor,  (0) neutra l ,  (+1) good, and (+2) perfect .  This method of  

weight ing was inspi red by Probst and Roecker (2011)  and was used 

simi lar ly.  The Likert  scale is non -cont inuous data,  which might not 

somet imes match the princ ip le ru le of  mean value. The stat ist ical  mode or 

median cou ld also have been used, however,  i t  represents the most 

f requent ly selected rather than th e ranking. Furthermore, experts were 

consulted who conf i rmed the suitabi l i ty of  using the stat ist ica l  mean in th is 

case as stat ist ical  tests have a degree of  subject iv i ty .  Therefore,  th is 

technique was used to represent an ind icat ive v isua l isat ion of  the r ank 

among the rated examples.  

 EXPERIMENTAL F IELD ST UDY (PR OT OT YPE )  4.5

The exper imental f ie ld study is supplementary to  the main research 

direct ion, architectura l  integrat ion of  TSC. As inferred from sect ion 4.2.2, 

prototyp ing and test ing the TSC exper imental ly adds sign if icance to the 

survey resul ts.  After  invest igat ing the opt ions, the on ly  feas ible opt ion was 

to design and bui ld a prototype test ing r ig (Appendix D).  The prototype was 

sourced through the sustainable bui ld ing envelope demonstrat ion 

(SBED) pro ject  (www.sbed.card if f .ac.uk ).  The fo l lowing are mot ivat ions to 

select  the experimenta l pro totype to  match or  mismatch the survey results  as 

wel l  as to ver i fy the data being reported in  the l i te rature (sect ion 2.5):  

-  Develop a more thorough understanding and hands-on exper ience of  

the issues to be considered when insta l l ing a TSC.  

-  In prototype, a number of  d i f ferent scenarios can be presented by 

manipu lat ing d i f ferent  posit ions and conf igurat ions of  TSC.  This 

assists in understanding the impact these may have. However,  th is is  

beyond the contents of  th is study due to t imel ine commitment.  

-  Independent pract ical  assessment of  TSC performance. This he lps 

ef fect ive decision making in plann ing for wider use of  TSC.  

4.5.1  PROT OT YPE LOCATION  

A suitable locat ion for  the prototype as a test ing pro ject  was required.  

This locat ion would be away f rom possib le vandal ism or acc idental  damage. 

http://www.sbed.cardiff.ac.uk/
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Most important ly,  the south direct ion should be unobstructed to  gain the 

most solar i r radiat ion.  The top roof of  Bute Bui ld ing, the home of the Welsh 

School of  Arch itecture (WSA) was found to be a feasible sett ing. I t  is located 

in the ci ty of  Card if f  at  Lat i tude 51.4 ºN, Longitude 3.1 ºW. The prototype 

was designed to include four TSC uni ts with e ach col lector maintain ing the  

same approx imate  area of  1.08m2  per un i t ,  but with  di f ferent schemat ic  

sett ings.  Three of  the panels have the same ci rcumference except  the fourth,  

the square panel (F ig .  4 -2).  The units were constructed by the researcher 

with the assistance of  sustainable bui ld ing envelope demonstrat io n (SBED) 

team members.  Design and const ruct ion of  the prototype is further detai led 

in sect ion 5.10 and Appendix D. The south facing or ientat ion was achieved 

using a rope with the shadow l ine at  noon.  

 

Figure 4-2: South-east e levat ion shows schematic TSC prototype units  

4.5.2  EXPERIMENTAL PARAMETERS  

The experimenta l research parameters being explored are divided into 

two types as fo l lows:  

Variab les:  

-  Temperatures of  ambient a ir  (Tamb)  

-  Col lector’s  surface temperature (Tco l)  

-  Ambient wind speed and direct ion  

-  Air f low in the p lenum 
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-  Solar i r radia t ion at  a vert ical  surface (Sol)  

Measurab le Outputs:  

-  Output temperature at  the exit  f rom the TSC (Tout )  

-  Supply temperature at  the entry of  the room (Tsup)  

-  Temperatures in the TSC plenum  

The locat ions of  measurement inst ruments are shown in  f igure 4 -3.  The 

ef fect iveness was therefore manual ly  calcu lated us ing equat ion 2 -3 as a  

funct ion of  outputs.  Furthermo re, ef f ic iency o f  the TSC was ca lcula ted using 

equat ion 2-6.  The fan was of f  most of  the t ime whi le the data was being 

col lected which leaves the ai r f low rate under the condit ion of  buoyancy 

ef fect .  

 

Figure 4-3: Schemat ic  d iagram shows the locat ion of  measurements,  author  

4.5.3  MET EOR OL OGICAL  MEA SUREMENT S  

The monitor ing devices were agreed, ordered and managed by the SBED 

team. Table 4 -5 presents descript ions of  the instruments being used, 

p ictures of  the devices can be found in Appendix D.  
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Table 4-5: Descr ipt ion of  the meteorolog ica l measurement inst ruments  

Instrument  Description and Accuracy 

Air Temperatures (ambient,  col lector,  output and supply)  

PT100  -  Used for ambient,  output and supply temperatures.  

-  Measures −20 to +200 °C range.  

-  Has a s tandard to lerance of  ±0.15 + 0.002x[t°C]  

CS215  

 

( i t  further 
measures 
relative 
humidity)  

-  Used for ambient and supply temperatures.  

-  Measures −40 to +70 °C range.  

-  Accurate a t  the fo l lowing ranges:  

-  ±0.4°C f rom 5° to 40°C  

-  ±0.9°C over -40°C to +70°C 

Type-T 
thermocouple 
sensors  

-  Used for co l lector ’s surface, output and cavity 
temperatures.  

-  Measures −200 to +350 °C range.  

-  Has a to lerance of  ±1.0°C as a standard wi th  a 
specia l  of  ±0.5°C l imits of  error .  

-  The sensit iv i ty of  Type -T is about 43 µV/°C.  

Wind Speed and Direction  

A100R Switching 
Anemometer  

-  Included in  the weather stat ion (F ig.  D -7, Appendix 
D).  

-  Measures f rom 0.2m/s to >75m/s maximum wind 
speed.  

-  Accurate to ±0.1m/s for 0.3 -10m/s, ±1% for 10-55m/s 
and ±2% for wind speed >55m/s.  

PT100  -  Included in  the weather stat ion.  

-  Operates up to a  maximum wind speed >75m/s.  

-  Covers 360° fu l l  c i rc le  cont inuous rotat ion.  

-  Accurate to ±2° obta inable in s teady winds over 
5m/s.  

-  Assigns compass d irect ion ( i .e.  NNE,  WSW…).  

-  Lineari ty error is 0.5% of fu l l  sca le output  
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Table 4-5 Continued: Descr ipt ion of  the metrolog ica l measurement 
inst ruments  

Instrument  Description and Accuracy  

Air Flow 

Sontay AV-DSP: 
Single-Point 
Multi -Range Air 
Velocity 
Transmitter  

-  Located before the fan, in the duct .  

-  Measures output range of 0 to 32m/s  

-  Accurate 3% of range:  

-  ±0.12 m/s (0 to  4 m/s)  

-  ±0.24 m/s (0 to  8 m/s)  

-  ±0.48 m/s (0 to  16 m/s)  

-  ±0.96 m/s (0 to  32 m/s)  

-  Operates under temperature range of -10° to +50°C.  

Solar Irradiation  

Kipp and 
Zonen’s CMP3 
pyranometer  

-  Located vert ica l ly top side of  the vert ica l TSC unit .  

-  Measures up to 2000W/m 2  maximum i rrad iance.  

-  The sensit iv i ty of  CMP3 is 5 to 20 m µV/W/m 2 .  

-  Operates under temperature range of -40° to +80°C.  

-  Non- l ineari ty error:  ±2.5% between 0 and 1000W/m 2 .  

-  Maximum error at t r ibutes to temperature dependence 
is ±5% ( -10° to +40°C).  

Data Logger  

Campbell  
CR1000  

-  A one is at  the fan table.  

-  Records the data f rom al l  the measurement  
inst ruments  i t  reads from the mult ip lexers on each 
panel.  

-  Operates under temperature range of -25° to +50°C.  

-  Analog Inputs:  16 sing le -ended or  8 d i f ferent ia ls 
indiv idual ly conf igured.  

-  Analog Resolut ion:  0.33 µV 
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4.5.4  DATA VAL IDIT Y  

Many of the monitor ing instruments have been val idated by previous 

research with in the Welsh School of  Arch itecture (WSA)  and e lsewhere. For 

example,  Kipp and Zonen pyranometers were used in Meier (2000),  

Stevenson (2007)  and Badache et  a l .  (2012) .  Instruments which had not  

been previously val idated were tested by us ing two di f ferent devices, f rom 

dif ferent brands, to perform the same funct ion. The ambient temperature for  

example, was measured by an indiv idual PT100 near the TSC un it  and also 

recorded through the weather stat ion us ing a bui l t - in dev ice. F igure 4 -4 

shows an example of  the di f ference between the two readings .  

 

Figure 4-4: Data val idat ion for two readings of  the ambient temperature 
using the weather stat ion bui l t - in temperature device and an individua l 
PT100 sensor next to the col lector   

The dif ference in ambient temperature read ings reached a maximum of  

0.83ºC in  certa in occasions,  however,  the average dif ference is  0.25 ºC. The 

PT100 records for a l l  temperature read ings were used in the data  analysis 

(sect ion 5.10.3) in order to minimise the possib le cal ibrat ion error through 

using the same device type. Simi lar ly,  the output temperature of  the TSC 

and the supply  temperature next to the supply point  to  the of f ice on the roof  

were also measured using PT100 and CS215 sensors.  The average 

dif ference in the read ings was 0.46ºC a lthough higher d i f ferences had been 
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recorded at  certa in occasions, especial ly  at  mid -day with high solar  

i r radiat ion. Th is d i f ference remains with in the to lerance range shown in 

Table 4 -5 above.  Dual measurements procedure was fo l lowed in many 

readings and remained in operat ion for a lmost the ent i re per iod of  data 

recording. Furthermore, in certa in areas, mult ip le  sensors were used in  

order to a l low for inst rumental fa i lu re .  

4.5.5  MONIT OR IN G PERIOD  

The monitor ing started in the late summer of  2013 and remained through 

the winter of  2013/2014. The monitor ing star ted af ter delays due to logist ic 

issues in del iver ing the TSC units and f inancial  and compliance issues in 

procur ing moni tor ing devices and other re levant materia ls  such as 

insulat ion, duct ing and framing.  

The data was col lected over two extended periods, f rom which re levant 

datasets were se lected for anal ysis.  The f i rst  per iod was f rom 2 n d  August 

unt i l  20 t h  September 2013, with sampling at  5 minute intervals.   The second 

col lect ion period was f rom 4 t h  December to 31 s t  January 2014 at 30 second 

intervals .  

 INTER VIEWS AND QUALIT ATIVE DATA  4.6

This sect ion is re la ted to the second main research d irect ion,  

technological innovat ion development of  TSC. The research parameters 

being explored include:  

-  Status of  knowledge creat ion and d if fus ion ( i .e.  academic research, 

research and deve lopment (R&D), patent ,  conferences,  media).  

-  Entrepreneuria l  act iv i t ies ( i .e.  ent rants into the market) .  

-  Actors,  inst i tut ions and networks ava i lab le to deploy TSC.  

-  Current status in  the market and technica l issues.  

-  Satisfact ion of  TIS funct ions and the in teract ion between these 

funct ions.  

The informat ion from the quest ionnaire ind icated that TSC is ready to 

become fu l ly commerc ial ised; the process o f  commercia l isat ion and further 
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development needs to be analysed systematical ly through technologica l 

innovat ion system (sect ion 3.3).  Having addressed the research aim through 

undertaking a quest ionnaire and a prototype project ,  further invest igat ion 

was required to examine the entrepreneurs ’  v is ion towards the exis t ing 

status and future development of  TSC.  Target ing TSC ent repreneurs 

orig inated from their s ignif icant importance as the princ ipal actors in the TIS 

where innovat ion system would not funct ion without them (sect ion 3.3.4i) .  

Furthermore, TSC ent repreneurs deemed to hold most of  the knowledge 

contexts about the TSC technology. Unl ike architects and designers,  the 

entrepreneurs were not d i rect ly approached to take part  in the quest ionnaire; 

rather,  they were approached through semi -s tructured interv iews. In order to 

further  address the research a im and object ives (sect ion 1.4),  an intervie w 

was designed to ana lyse the percept ions o f  TSC entrepreneurs in the UK 

and North America.  

As arch itects and other bui ld ings profess ionals were perce ived to have 

signif icant impact on the potent ia l  knowledge development about TSC 

(sect ion 1.2) ,  the entrepreneurs were perce ived as having s igni f icant impact 

on progressing th is technology (sect ion 3.3.4).  The quest ions and layout  

were in f luenced by the l i te rature rev iew (sect ion 3.3) and were further  

improved fo l lowing a pi lot  study that targeted profession a ls in the f ie ld as 

highl ighted af terwards (sect ion 4.5.2).   

4.6.1  INTER VIEW GU IDE  

An interview gu ide of  quest ions (Appendix F) was developed around the 

technological innovat ion structural components (sect ion 3.3.3) and funct ions 

(sect ion 3.3.4) of  TSC technology. The guide was used in a purposely 

f lex ib le manner.  Some of the designed quest ions were not necessari ly posed 

to each interv iewee whereas addit ional quest ions were inserted in some 

interviews; the quest ions were also not asked in the same order.  

4.6.2  P ILOT  INT ERVIEWS  

Similar to the pi lot  quest ionnaire (sect ion 4.4.1i i i ) ,  p i lot  interviews were 

conducted loca l ly .  As a result  of  th is,  improvements to the quest ions design 

and context were made. I t  a lso conf irmed the rel iab i l i ty and va l id i ty of  the 
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interviews. Th is also provided an est imate of  the approximate t ime required 

to carry out the in terview and al lowed the researcher to pract ice h is 

interviewing techniques. The pi lot  interv iews provided an opportunity to 

adjust  and re -st ructure the interv iew gu ide and context.  Four experts in TIS 

from Cardif f  Universi ty part ic ipated; they were al l  researchers wi th records 

of  publ ished works and/or workshops in the f ie ld of  TIS.  

Posit ive outcomes were retr ieved f rom the part ic ipants that enr iched the 

context and f low of  the interview guide. The pi lot  study strengthened the 

researcher ’s  conf idence of  a  ‘good - to-go’ approach in order to launch the 

real interviews.  

4.6.3  SELECT ION OF  INTERVIEWEES  

TSC entrepreneurs were targeted. Part ic ipant entrepreneuria l  personnel  

with  di f ferent responsibi l i t ies and background were targeted in  order to 

diversi fy the insights of  the col lected data to the largest poss ible extent.  

Contact deta i ls of  appropr iate UK based interviewees were main ly  ret r ieved 

from the of f ic ia l  websites of  TSC ent re preneurs (sect ion 2.4.4) .  Addit iona l 

contacts were recommended by Card if f  Universi ty researchers working on 

TSC re lated pro jects  (e.g.  SBED). The next phase was target ing North  

Amer ican TSC entrepreneurs.  Ent repreneuria l  f i rms were invi ted to 

part ic ipate in interv iews through thei r of f ic ia l  contact emai l  and cold 

te lephone ca l l ing  as retr ieved f rom thei r  o f f ic ia l  websites (sect ion 2. 4.4);  

the only accessib le method of  contact for  a lmost a l l  the North  Amer ican 

entrepreneurs.  A number of  contact detai ls of  e ntrepreneur ia l  personnel 

were retr ieved f rom the profess ional network ‘L inkedIn’.  Those were 

ident i f ied per thei r current or previous employer  i f  l isted as a TSC prov ider 

in sect ion 2.4.4  and furthermore by search ing the words ‘ t ransp ired solar ’ .  

The aim was to achieve theoret ica l saturat ion on al l  topics f rom 

interviewees unt i l  the col lected data are stable enough (Lincoln and Guba 

1985).  The main factor  in sampling was, however,  the appropr iateness of  the 

part ic ipants to cont r ibute to the research topic (Bowen 2008).  
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4.6.4  ETHICAL MEASURES  

Ethics approval was sought before interviews took place, which was 

obtained from the Research Ethics Committee at  the Welsh School of 

Arch itecture on 7 t h  May 2013 under reference number EC1305.149 (Appendix 

F).  Th is approval was ment ioned in the body of  the email  invi tat ion to al l  the 

part ic ipants.  The interviewees were br ie fed of  the research’s aim,  

dimensions, interv iew length and the use of  data.  A fu l ly -detai led consent 

form was given to the interv iewees with  regard to the way in which 

interviews were conducted and use of  the data .  

4.6.5  EXEC UTION OF  TH E INT ERVIEWS  

The interv iews were conducted on a one -to-one basis .  Tab le 4 -6 shows a 

brief  l ist  of  the completed interviews conducted. Where interv iews could not  

be progressed they have not been included in the analysis as they lack the 

consent form (Appendix F) which was deemed incompl iant with the ethical 

considerat ion process. Entrepreneurs f rom Canada were a lso invi ted to  

part ic ipate,  but  only one reply  was rece ive d.   

Table 4-6: Brief  l ist  of  the interviewees (completed interv iews)  

Interviewee  Date  Country  Mean of conduct  

Interviewee 1  29 t h  May 2013  UK Telephone Cal l  

Interviewee 2  29 t h  May 2013  UK Telephone Cal l  

Interviewee 3  4 t h  Jun 2013  UK Face-to-face 

Interviewee 4  15 t h  Oct 2013  USA Telephone Cal l  

Interviewee 5  15 t h  Oct 2013  Canada Emai l  

 

The interviewees were al l  f rom TSC manufactur ing and were given t ime 

to elaborate thei r v iews without  interrupt ion by the interv iewer/researcher.  

Each interv iew lasted about th i r ty minutes,  and was audio -recorded. The 

locat ion,  t iming and the comportment o f  each interview were decided by the 

interviewees themselves.  
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 CONCLU SION  4.7

The scope of th is study covers interdiscip l inary topic which needed a 

combinat ion of  approaches. A var iety of  possible methods were explored to 

f ind the appropr iate methodolog y that sat isf ies the aim and object ives of  the 

study with in the pre -def ined t ime frame. This study considers t ranspired 

solar  col lectors not just  as a speci f ic  technology but includ ing the human 

dimensions of  the technology. Th is led to the select ion of  me thods related to  

socia l  explorat ion. The scope was d ivided into two in terrelated strands,  

archi tectural integrat ion of  TSC in bui ld ings and technological innovat ion 

development;  these both remain with in the human dimension explorat ion. A 

mixed-methodology was designed part icular ly  for  the architectural  

integrat ion which was further supplemented by an experimenta l prototype,  

whereas on ly the qual i tat ive method was used for the TIS analysis.  The 

experimenta l prototype method was deemed a support ive tool of  hands-on 

experience which was conf i rmed by respondents during the s tudy ( i .e.  

sect ion 3.3.4 i i ) .  The prototype was furthermore recommended as a 

knowledge creat ion and dif fus ion tool in the TIS l i terature and moreover by 

interviewees during the progress of  th i s s tudy. The appropr iate tools have 

been selected for  analysing the quant i tat ive and qual i tat ive  data ar is ing from 

these techniques.  
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 INTRODUCTION  T O RESU LTS AN D D ISCU SSION  5.1

The results in th is study are div ided into two chapters fo l lowed by a  

chapter of  d iscussion. This chapter has been ta i lored to analyse the 

responses to the archi tectura l integrat ion survey described in sect ion 4.4.1.  

Chapter 6 is ta i lored to analyse the in terv iews and other secondary data 

related to TSC TIS development .  The aims and object ives def ined in sect ion 

1.4 are l is ted below. Against each one,  the relevant results and discussion 

sect ion are noted. The research aim is to provide insight into arch itec tural ly 

integrat ing t ransp ired solar thermal technologies in bu i ld ings for space 

heat ing in temperate regions, and clar i fy i ts potent ia l  cont r ibut ion to pre -

heat ing ambient a i r  in Wales.  

This  aim inc ludes an invest igat ion of  the l imited adopt ion of  integra t ing 

and deploying TSC in bui ld ing envelopes despite i ts  apparent  technica l 

compet i t iveness which is addressed in th is  chapter (sect ions 5.6 to 5.9).  

Further insight  is moreover h ighl ighted in  chapter 6 and further e laborated in  

detai l  in the d iscussion on  the barr iers  to integrat ion (sect ion 7.5) .  The a im 

also inc ludes that socio-economic concerns of  technolog ical  innovat ive 

development  are  explored at  ent repreneuria l  level  in the UK and North  

Amer ica;  th is was addressed in  chapter  6 as highl ighted in ob je ct ives v i ,  v i i  

and vi i i  be low).  

The TSCs’ potent ia l  contr ibut ion to pre -heat ing ambient a ir  in Wales was 

clar i f ied in sect ion 5.10, as also high l ighted in object ive (v) below.  

The research object ives are as fo l lows (repeated from chapter 1 wi th the 

corresponding resu lts and discussion sect ion in chapters 5,  6 and 7):   

Arch itectural Integrat ion of  TSC:  

i )  Examine the exist ing awarness of  the TSC (sect ions 5.4.1 and 7.2) 

and veri fy the ro le of  the architect  as a pr incipa l decision maker 

who fac i l i tates integrat ing the technology in design (sect ions 5.4.3,  

5.9.2 and 7.3).  This includes veri fy ing the decis ion making actors 

and elucidat ing the integrated design process (IDP) which produces 

more consol idated architectural outputs (sect ions 5.4.3,  5.9.2 and 

7.3.3).  
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i i )  Invest igate d i f ferent  funct ional and aesthet ic integrat ion 

preferences of  TSC and hybr id PV/TSC, and f ind o ut  the preferab le 

opt imum architectura l  integrat ion scheme for arch itects and end -

users (sect ions 5.5,  5.6 and 7.4).  

i i i )  Understand the arch itects’  percept ions and recommendat ions of 

bui ld ing - integrated transpired so lar thermal technologies (sect ions 

5.5,  5.6 and 7.5).  

iv)  Ident i fy the needs of  architects,  engineers,  and bui ld ing 

profess ionals for  improved architectural in tegrat ion qual i ty and 

f lex ib i l i ty of  solar thermal energy (sect ion 5 .6,  5.9 and 7.4),  in a 

form of des ign prerequisi tes (sect ion 7.7).  

v)  Gain insight  into  the constructab i l i ty  and integrat ion pract ise of  the 

TSC through design, p lanning and bui ld ing a  prototype project .  The 

protoype project  to be furthermore pract ica l ly tested to c lar i fy  the 

potent ia l  usefu lness of  TSC technology for space heat ing in  Wales 

(sect ion 5.10).  

 

Technolog ical  Innovat ion Development (TIS) of  TSC:  

vi)  Evaluate the technological innovat ive development of  TSC in the 

UK at the entrepreneurship level ( i .e .  sect ions 6.3.1i i ,  6.4.1i i  6.4.5 i i  

and 6.5.2) and compare i t  to the North Amer i can case ( i .e.  sect ion 

6.6 and 7.6) us ing interviews as the main source of  data and other 

secondary data sources (sect ion 6 .2).  

vii)  Ident i fy the barr iers of  integrat ing the TSC (sect ion 7.5),  and 

highl ight  potent ia l  enablers to integrat ing and deploying TSC 

technology for researchers,  ent repreneurs and pol icy -makers to 

consider for further improvement and technologica l deve lopment 

(sect ion 7.6  which further  bui lds on sect ion 7.5,  i t  bui lds on 

sect ions 5.6,  5.7,  5.9,  6.4,  6.5,  and 6.6).  
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vii i )  Invest igate the cont r ibut ion of  the technological innovat ion system 

to the development,  d i f fus ion and ut i l isat ion of  t ranspired solar 

col lectors ( i .e.  sect ions 7.5.2,  7.5.5,  7.6.1 ,  7 .6.4,  and 7.6.7).  

 

The remainder of this chapter presents the results relating to 

architectural integration.  

 

 PARTICIPAT ION OUTL OOK  5.2

The tota l  number of  returned quest ionnaires was 1,734;  of  which 938 

(54.1%) were completed, 357 (20.6%) part ia l ly f i l led,  and 439 (25.3%) empty 

and disqual i f ied repl ies.  The quest ionnaire  was considered empty i f  quest ion 

seven was not reached, and disqual i f ied i f  i t  conta ined jargon words; 

however,  on ly one individual case was recorded as disqual i f ied whereas the 

rest  were empty.   

The dis tr ibut ion of  the responses is i l lust rated in Table 5 -1.  I t  shows the 

direct  and indirect  campaigns and the complete,  incomplete and empty 

responses. A lthough the response rate is  never expected to be 100% 

(Baruch 1999),  the response rate f luctuated f rom 1.3% to  18.5%. The overa l l  

response rate  of  3.3% f rom di rect  inv i tat ions seemed fa ir ly low. However,  

the total  number of  responses was the highest yet in compar ison with 

re levant  prev ious studies that targeted arch itects and bui ld ing pract i t ioners.  

The rece ived responses in Probst and Roecker (2011)  were 170 (around 

11.3% response rate)  f rom main land Europe (sect ion 3.2.3 i i i )  whereas the 

number of  responses in Farkas and Horvat (2012)  in Task 41 was 903 

(sect ion 3.2.2 i) .  The response rate in Horvat et  a l .  (2011)  f luctuated from 

1.8% to 26% with an overal l  rate of  5.9%. Nevertheless, there is no standard 

benchmark for min imum acceptable response rates in academic researches 

as highl ighted by Baruch (1999) .   
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Table 5-1: Response rate of  the quest ionnaire d iv ided by invi tat ion 
campaigns (d i rect  and indi rect  inv i tat ions) n/a:  not avai lable  
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Architect 
Academia 883 20 7 9 36 4.1% 

Professional 5,054 124 53 38 215 4.3% 

Engineer 
Academia 352 33 10 7 50 14.2% 

Professional 3,057 95 33 25 153 5.0% 

C
an

ad
a Architect 

Academia 288 10 2 6 18 6.3% 

Professional 2,096 37 16 12 65 3.1% 

Engineer 
Academia 334 8 4 0 12 3.6% 

Professional 1,943 30 13 14 57 2.9% 

U
n
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ed

 S
ta
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Architect 
Academia 656 10 2 4 16 2.4% 

Professional 10,773 206 61 25 292 2.7% 

Engineer 
Academia 1,489 22 9 10 41 2.8% 

Professional 3,930 33 10 10 53 1.3% 

Mainland 
Europe 

Academia 2,304 64 33 40 137 5.9% 

Professional 12,822 131 57 144 332 2.6% 

L
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R
ev

ie
w

 Architect 
Academia 

259 

10 0 

10 48 18.5% 
Professional 3 0 

Engineer 
Academia 16 4 

Professional 5 0 

Sub-Total (Direct Invitations) 46,240 857 314 354 1,525 3.3% 

F
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k Architect 

Academia 

n/a 

3 3 

16 30 n/a  
Professional 2 2 

Engineer 
Academia 1 1 

Professional 1 1 

L
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In
 Architect 

Academia 

n/a 

6 3 

45 135 n/a  
Professional 27 11 

Engineer 
Academia 6 0 

Professional 19 18 

R
ef
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ls
 Architect 

Academia 

n/a 

2 1 

24 44 n/a  
Professional 5 0 

Engineer 
Academia 1 3 

Professional 8 0 

Total 938 357 439 1,734 n/a 
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 DEMOGR APH Y OF  RESPONDENT S  5.3

The in i t ia l  survey quest ions estab l ished categories which could  be used 

in categor is ing responses from the rest  of  the survey. Three professiona l 

categories were establ ished:  architects,  engineers (29.0% mechanica l,  

14.1% energy, 14.1% civ i l  and const ruct ion, 11.1% bui ld ing services, and 

the rest  31.7%) and others ( lecturers,  researchers,  des igners,  architectural 

specia l ists,  bu i ld ing physicis ts,  cont ractors,  and energy advisors).  These 

groups form the main cr i ter ion of  analysing responses to m any of  the 

quest ions. The dist r ibut ion of  these categories in the respondent populat ion 

is i l lust rated in f igure 5-1.  

 

Figure 5-1: Dist r ibut ion of  respondents according to profess ion  

In terms of work f ie ld,  the largest respondent group was consultancy 

(49.3%, n=638);  of  which 72.6% were architects.  The next largest 

respondent group was academia (22.6%, n=293) of  which 38.9% were 

archi tects.  The remaining def ined groups were contractors (9.8%), local  

government (3.2%) and nat ional government (3.1%). The ‘other ’  sectors 

contained designers,  and development advisors (F ig.  5 -2).   
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Figure 5-2: Distr ibut ion of  respondents according to work f ie ld (Table C -3,  
Appendix C)  

The major i ty o f  respondents (64.6%, n=836) had more than 15 years of  

experience in the f ie ld (F ig.  5 -3) indicat ing high levels  of  expert ise in the 

responses. They represent reasonable eva luat ion of  the technology due to 

experience. However,  th is does not undermine the input of  the remain ing 

respondents who are l ikely to  represent updated knowledge and ambit ion.  
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each) with a less s ignif icant response f rom Canada (9.6%) as shown in 

f igure 5 -4.  Approx imately ha lf  of  the mainland Europe response was f rom 

I ta ly,  I re land, Germany, France, Spain,  Switzer land, Aust r ia  and the 

Nether lands. Other countr ies represented South America, the Middle East,  

Afr ica,  and Aust ral ia.  

 

Figure 5-4: Locat ion groups of  survey resp ondents (Table C-2, Appendix C)  

Along wi th the geographic distr ibut ion of  the respondents,  c l imat ic zones 

dist r ibut ion was analysed. The cl imat ic zones boundaries were regarded as 

per Köppen cl imate classif icat ion  that is an empir ica l system based on 

features of  nat ive vegetat ion,  average temperatures prof i le  and the 

seasonal i ty o f  precip i tat ion . The c lass if icat ion was further amended by the 

German c l imatolog ist  Rudolf  Geiger (Pidwirny 2006; Peel et  a l .  2007 ; pat i l  

2011; Belda et  a l .  2014).  Köppen c lassif ied the world ’s cl imate into f ive  

basic c l imate groups with 29 sub-cl imate zones. The main groups are  as 

fo l low (Fig.  5-5):  

-  Group A: Trop ica l c l imates : Constant h igh temperatures along the 

year (above 18ºC) .  

-  Group B: Dry (ar id and semiarid) c l imates :  Precip i tat ion  is usual ly  

less than threshold with average annual temperature above 18ºC.  
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-  Group C:  Temperate and subtrop ical  c l imates:  An average 

temperature above 10ºC in the warmest  seasons and between  

 -3ºC and 18ºC in the coldest months.  

-  Group D: Cont inental  c l imates :  An average temperature above 10ºC 

in the warmest months versus a below  

 -3ºC in the coldest months.  

-  Group E:  Polar and alpine  c l imates:  An average annual  temperature 

below 10ºC.  

 

Figure 5-5: World map of Köppen -Geiger c l imate c lass if icat ion  (Peel et  a l .  
2007).  

Sub-cl imate zones have sl ight  var iances wi th in each main  group;  these 

dif ferences inc lude level of  humidi ty  and dryness, length of  seasons  and 

temperature bands.  Analys ing the sub-zones was deemed not pract ica l  in 

th is study as v io lates the Pearson’s Chi -square test  sta t is t ica l  ru les due 

ir regular  d ist r ibut ion  of  responses (sect ion 4.4.2i ) .  Group E was exc luded 

from the analys is  as achieved no responses.  The majori ty of  responses were 

from temperate cl imates , group C (64.9%, n=833) fo l lowed by cont inental 

c l imate, group D (25.6%, n=328).  Trop ical  c l imate respondents,  group A 

were 2 .5%, n=30 versus 7.0%, n=90 respondents f rom dry c l imate zone ,  

group B. Due to ambiguity  over respondents’  city,  12 respondents with in 

A B C  D  E  
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USA were not c lassif ied into any cl imate zone and excluded f rom re levant 

analys is  that leads to  a total  response number of  1,28 3 with in th is category.   

 

Figure 5-6:  Climate zone groups of  survey respondents  
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Figure 5-7: Highest academic degree of  part ic ipants (Table C -5,Appendix C)  
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The part ic ipants were asked to ident i fy the type of  projects they were 

involved in f rom the survey opt ions: commerc ial ,  resident ia l ,  inst i tut ional and 

industr ia l ,  with a provis ion for part ic ipants to add further types. The 

part ic ipants had the opt ion to t ick as many boxes as were appl icable .  

In decreasing order,  the part ic ipants were found work ing on res ident ia l  

bui ld ing types (58.6%), fo l lowed by commerc ial  (54%), inst i tu t ional  (42.9%) 

and indust r ia l  (21.1%). Other pro jects (20.2%) inc luded healthcare, publ ic 

and community  pro jects (Fig.  5 -8) .   

 

Figure 5-8: Pro ject  involvement of  the part ic ipants (Table C -6, Appendix C)  

Although the major i ty of  respondents are architects ,  the response to th is  

survey is less biased than other re levant surveys l ike Farkas and Horvat 

(2012) and Horvat et  a l .  (2011) ,  i t  is near ly  ident ica l to Probst and Roecker 

(2011) percentage wise but not in numbers of  par t ic ipants.  The engineers 
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form a reasonable balance of  unbiased resu lts.  

The lower percentage of  part ic ipants f rom mainland European countr ies 

was reasonable especial ly when consider ing populat ion densi ty ,  focus of  

quest ionnaire distr ibut ion, and the fact  that  the quest ionnaire was wri t ten 
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these countr ies.   
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Notably ,  the respondents were required to indicate the ir country of  

pract ice,  a l though, the web -based tool  was assigned to veri fy geographic  

country and ci ty ind ividual ly,  us ing proxy determinat ion in order to conf ir m 

the val id i ty of  responses. The proxy informat ion was miss ing in  few cases, 

and in other  fewer cases, was not match ing. The missing proxy addresses 

were conf irmed ind iv idual ly through an IP address locater website.  However,  

the non-match ing cases were considered val id responses as they could be 

interpreted due to temporary res idents or v is i tors in di f ferent countr ies at  the 

t ime of part ic ipat ion in the quest ionnaire.  Some respondents may have 

indicated the country  where they pract ised their pro fess ion ra th er than 

countr ies of  residence. Overa l l ,  more than 92% of the answers were 

recognised as geographical ly ident ical.  

The knowledge of the respondent ’s f ie ld  of  work (F ig.  5 -2 above) 

determines the value of  the answers.  A l though al l  working f ie lds are 

important,  some may have more inf luence in decis ion making. The relat ive ly 

high number of  consu ltants,  a long with some developers,  st rengthens the 

val id i ty o f  the data due to their d irect  re lat ionship with the decis ions. The 

part ic ipants f rom academia support  the  rel iabi l i ty of  the analysis as they 

focus more on the factual aspects and performance of such a technology.  

The robust  variety  of  part ic ipants’  project  experience (resident ia l ,  

commercia l ,  and inst i tut ional ) supports the rel iabi l i ty of  the data,  especia l l y  

for the s ix a l located quest ions of  domest ic  and non -domest ic  bui ld ings.  

 BUILD IN G - INTEGR ATED  SOLAR  ENER GY  5.4

Quest ions were designed to establ ish the respondents ’  awareness of  

TSC in part icular and their v iews on the contr ibut ion of  so lar energy to a 

sustainab le bui l t  envi ronment in genera l.  Th is was fo l lowed by an 

explorat ion of  the part ic ipants ’  v iews on the inf luence which bui ld ing 

profess ionals have on decision making in  re lat ion to integrat ing TSC in 

bui ld ing envelopes.  
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5.4.1  AWA REN ESS OF  TR ANSPIRED SOLA R TECH N OLOGY  

The exist ing awareness of  TSC technology was considered with in  three 

categories:  expert ,  aware, and unaware. Commercia l  brands of  TSC were 

l is ted to ease recognit ion. Since th is quest ion was cruc ial  to the survey, the 

survey was considered empty i f  th is quest ion was not answered.  Very few 

part ic ipants considered themselves to be experts in th is f ie ld (1.7%, n=22).  

The remainder were evenly sp l i t  between ‘unaware ’  and ‘aware ’  as shown in 

f igure 5 -9.   

 

Figure 5-9: Awareness of  t ransp ired solar col lectors (Table C -7,  Appendix 
C) 

There were more engineer experts in TSC (4.7%, n=14 of the tota l  engineer 

respondents) than other profess io ns. However,  the expert  group was so 

smal l  i t  cou ld not be stat ist ica l ly analysed in isolat ion; i t  v io lates the 

Pearson’s Chi -square rules.  Both expert  and aware respondents were 

grouped into one category cal led ‘overal l  awareness’.  There is no 

stat is t ical ly s ign if icant associat ion between awareness, in general,  and 

respondents ’  profession [                        ]  where 

(                                                             as 

descr ibed in sect ion 4.4.2.  

In terms of geographic reg ions, a higher proport ion of  Canadian 

part ic ipants were expert  or aware (71.0%, n=88) than for any other 

countr ies.  This was fo l lowed by main land Europe (53.3%, n=170).  Among 

Expert, 22, 1.7% 

Aware, 643, 
49.7% 

Unaware, 630, 
48.6% 

Are you aware of the Transpired Solar Collectors technology? 
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European countr ies;  the highest rates of  awareness were recorded in Greece 

(81.8%, n=9),  Norway (70%, n=7),  I ta ly  (67.6%, n=23),  and Switzerland 

(64.7%, n=11).  The UK part ic ipants recorded a moderate overa l l  awareness 

almost simi lar to main land Europeans at  52.8%, n=201. The responding USA 

profess ionals had the lowest  awareness with  41.4%, n=158 (Table  C -8 and 

C-9 in Appendix C).  Stat ist ica l ly,  there is a signif icant associat ion between 

awareness and respondents geographic  reg ion [                     

                      ]  (Tab le C-9, Appendix  C).  

In terms of c l imate zones, the h ighest  awareness was found in 

cont inental  c l imat ic zones, group D,  (57.6%, n=189).  Th is was fo l lowed by :  

temperate  zones,  group  C, (49.7%, n=414);  dry  zones,  group  B, (48.9%, 

n=44);  and t ropical  zones, group  A, (43.8%, n=14).  There was no stat is t ical  

s ignif icant associat ion between awareness and respondents c l imat ic zone 

[                                         ] .  However,  th is 

awareness cou ld relate to knowledge of  an exist ing technology ra ther than 

pract ical  exper ience as discussed in sect ion 7.2.  

When examin ing awareness in  re lat ion to project  invo lvement,  there was 

a relat ive associat ion of  respondents ’  awareness of  TSC. Most of  the expert  

respondents were invo lved in research or design of  industr ia l  pro jects (50%, 

n=11 with in the expert ise part ic ipants).  S imilar ly ,  those who were involved in 

industr ia l  pro jects recorded the h ighest awareness rate  (56.0%, n=153) 

(Table C-10, Appendix  C).   

In terms of expert  respondents,  the academia f ie ld showed the highest 

rate of  experts (50% with in expert  respon dents) fo l lowed by consultancy 

where 31.8% of  expert  respondents were working (Table C -11, Appendix C).  

Notably ,  an expert  respondent who was classif ied as ‘other’  was working in 

both academia and consultancy which increases each of  the above two rates 

by 4.5% each. Three academic experts of  TSC were invo lved in  industr ia l  

projects.  

In terms of overal l  awareness , the f ie lds of  consultancy and academia 

recorded 53.9% and 52.2% respect ive ly.  Th is was fo l lowed by part ic ipants 

work ing in government and contract ing with around 47.5% overal l  
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awareness. However,  there is no sta t is t ica l ly s ignif icant  associat ion between 

the f ie ld o f  work and general awareness of  TSC (Table C -12,  Appendix C).  

5.4.2  CONTRIB UTION OF SOL AR ENER GY TECHN OL OGIES T O SU STAIN ABLE 

BUILT  ENVIR ONMENT   

The part ic ipant ’s percept ion of  the contr ibut ion of  so lar energy 

technologies towards a susta inable  bui l t  environment wa s analysed.  As 

shown in  f igure 5-10, 91.4% (n=996) out of  1,090 respondents agreed that 

solar energy technologies made a posit ive contr ibut ion towards the creat ion 

of  a sustainable bui l t  environment.  Stat is t ical ly,  there was no s ignif icant 

associa t ion between th is opinion and the part ic ipant ’s pro fess ion, work f ie ld,  

academic degree, c l imat ic zones, geographic region s, or years of  

experience. Furthermore, there was a lmost no correlat ion between the 

posit ive contr ibut ion of  solar energy and overal l  awareness o f  TSC.  Th is 

means that th is var iab le is independent and represents a general  v is ion of 

most part ic ipants.  

 

Figure 5-10: Posit ive  contr ibut ion of  integrated solar energy technologies 
towards the creat ion of  a sustainab le bui l t  envi ronment  

Qualitative Analysis:  When survey part ic ipants were of fered the 

opportunity  to respond to quest ions with  comments and notes i t  was 

expected that comments would address  issues rela ted to the cont r ibut ion of  

solar  energy towards a susta inable bu i l t  envi ronment.  However,  many 

Agree: 996, 
91.4% 

Disagree: 31, 
2.8% 

No Opinion: 63, 
5.8% 

The integration of solar energy technologies, in general, in buildings contributes 
positively towards the creation of a sustainable built environment. 
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part ic ipants took the chance to express their percept ions and opinions in 

solar  energy chal lenges and other re levant issues. To ind icate the 

part ic ipants ’  pre -ex ist ing percept ions, the main themes of these comments 

are noted here with  further comments as appr opr iate in th is  and the 

fo l lowing chapters.  Figure 5 -11 represents four of  the most common themes,  

which are descr ibed below.  

 

Figure 5-11: Four of  the highest themes of the comments showing the 
number of  part ic ipants  

 

Further part ic ipants were found to be caut ious of  focusing on solar  

thermal technolog ies at  the expense of  other renewable energy sources or 

sustainab le features, a l though they agre ed i t  contr ibuted to a sustainable 

bui l t  envi ronment .  Other par t ic ipants def ined susta inable design and the 

goal of  solar energy in  susta inable  design.  In  general ,  the comments showed 

deep knowledge by most comment ing part ic ipants on the topic  of  solar 

technologies.  Some part ic ipants were found narrowly l ink ing so lar energy to 

PV, especia l ly when they ment ioned the h igh cost of  PV technology. This 

may be due to socia l  and cultural  d i f ferences as highl ighted in due course.  

5.4.3  DEC IS ION MAK IN G IN  RELATION T O TSC  IMPLEMENTATION  

The decision making process in re la t ion to domest ic ( i .e.  dwel l ing) and 

non-domest ic  ( i .e.  of f ice) bu i ld ings was explored.  Further to  th is ,  the 

decis ion making process in  re lat ion to  the integrat ion of  TSC in  bui ld ings 

( i .e.  façade and roof) was exp lored.  

0 5 10 15 20 25 30 35 40 45 50

Cost Challenges

Energy Saving

Sustainable Built Environment

Renewable Compromise

Number of Participants 

Four of the heighest themed qualitative responses 
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 TSC  IMPLEMENT ATION IN  DOMESTIC  DWELL IN GS  i)

As shown in f igure 5 -12, the cl ient is considered to have the major say in  

TSC ut i l isat ion for domest ic dwel l ings (74.2%, n=778).  However,  mul t ip le 

answers were accepted for th is quest ion and the architect  was a lso 

considered to have a major inf luence in the decis ion (50%, n=524 ).   

 

Figure 5-12: Author i ty of  decis ion to use TSCs in domest ic  bui ld ings 
(number of  part ic ipant ,  percentage of  tota l  responses of  a mult ip le answer 
quest ion)   

There is  a s tat ist ical ly  s ignif icant  associat ion between respondent 

profess ion and the se lect ion of  ‘c l ient ’  as a main decision maker [       

                            ]  and also those who selected ‘arch itect ’  

[                                    ] .  In both cases, the majori ty 

of respondents were archi tects.  This ref lects a t rue picture of  the cl ient ’s  

posit ion in decision making, as the archi tects pr incipa l ly deal  wi th the 

cl ients.  Although, there might be some bias in select ing ‘ architect ’  as 

decis ion makers by arch itect  respondents,  the ef fect  s ize is small .  

Furthermore, the ‘engineer’  and ‘other ’  respondents had a quite simi lar  

percentage of  se lect ing ‘architect ’  which adds conf idence to the results.   

Further sign if icant associa t ion was recorded between profess ion and 

‘government regulat ion inf luence ’ [                            

     ] .  The ‘other’  respondents accumulated 19.1% for  ‘government 
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regulat ion inf luence ’ versus 16.9% by engineers and 14.2% by arch itect  

respondents.  Another signif icant associa t ion was recorded between 

profess ion and ‘engineering ’ [                                   ] .  

The engineer respondents accumulated 13.4% for ‘engineering ’ versus 8.8% 

f rom arch itects and 8.8% by other respondents.  The ef f ect  s ize remains 

stat is t ical ly small  which means there is no bias to be reported.  

On the other hand, there was no associat ion between profession and 

those who selected IDP, meaning that a l l  p rofessions have simi lar  v iews on 

the ranking of  IDP in the decis i on making process. There was no s ignif icant 

associa t ion recorded with c l imate zones  for  any of  the se lect ions .  

In terms of geographic regions, there were signif icant associat ions wi th 

government inf luence,  cl ient and architect ,  versus no associat ion with 

engineering,  IDP and project  manager.  Architects were more l ikely  to be 

selected by Amer ican respondents (55.7%, n=180) than in  the other 

geographica l regions.  The response of  other geographica l regions, in 

decreasing order,  were main land Europe (53%), UK (47.1%), other  countr ies 

(41.1%) and Canada (39%), [                                  ]  

(Tab le C-15, Appendix C).  On the other hand, main land European 

respondents recorded the highest select ion rate of  ‘government regulat ion 

inf luence ’ (43.3%, n=107) fo l lowed by the UK (39.9%, n=122) versus the 

least in the USA (21.1%, n=68).  The Bri t ish,  other countr ies and Canadian 

respondents ranked 39.9%, 39.7% and 34% respect ively [             

                         (Tab le C-16, Appendix C).   

 TSC  IMPLEMENT ATION IN  NON -DOMESTIC  BUILD INGS  ii)

For non-domest ic bu i ld ings (F ig.  5 -13) the authori ty of  the cl ient  

remained at  the top (58.7%, n=609) with increasing importance of  the IDP 

team (49.9%, n= 517).  The IDP team invo lves al l  the d isc ip l ines with the 

archi tect  assuming a substant ia l  ro le with in  the team (sect ion 3.2.2).  Th is 

further  increases the authori ty of  the arch i tect  as a  decision maker who 

came in the th i rd pr ior i ty (42.5%, n=441).   
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Figure 5-13: Authori ty of  decis ion to use TSC in non -domest ic bui ld ings 
(number of  part ic ipant ,  percentage of  tota l  responses of  a mult ip le answer 
quest ion)  

Stat ist ica l ly,  there was no associat ion between part ic ipan t profession 

and the responses ‘government regu lat ion inf luence’ ,  ‘architect ’ ,  and 

‘ integrat ion design team’.  A sign if icant associat ion was not iced between 

part ic ipant profess ion and the select ion of  ‘c l ient ’ .  Most of  the selectees 

were arch itects.  More engineers selected the opt ion of  engineers as a 

decis ion maker for incorporat ing TSC technology on non -domest ic bui ld ings.  

This might have some bias,  however,  the e f fect  s ize was smal l  [       

                             ]  (Tab le C-17, Appendix C).   

There was a s ignif icant associat ion between part ic ipant experience and 

the select ion of  ‘government  regu lat ion inf luence’ [             

                       ] .  Less exper ienced part ic ipants were found to 

re ly more on government regulat ion: 48.9% (n=44) of  the total  part ic ipants 

with less than f ive years of  exper ience indicated government inf luence,  

versus 32.2% (n=219) by those who had more than 15 years of  exper ience 

(Table C-18, Appendix  C).   

For c l imate zones , there was no associa t ion with  the se lect ion of  

archi tect ,  c l ient government regulat ions, engineers and IDP , however,  there 

was a possible  associat ion fo r ‘p roject  managers’ ;  however,  th is  is not a  

stat is t ical ly va l idated conclus ion  as the number se lect ions for ‘p roject  
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managers ’ f rom t ropical  zones was less than the stat ist ica l ly expected count . 

The majori ty of  those who selected ‘pro ject  managers ’  were f rom temperate  

zones (54.9%, n=56) fo l lowed by 28.4%, n=29 from cont inenta l zones, then 

12.7%, n=13 from dry zones and f ina l ly 3.9%, n=4 from t ropical  zones. 

Geographica l ly,  there was a sta t is t ical ly s ignif icant associat ion with 

government  regu lat ion inf luence [                               

     ] .  The Amer ican respondents recorded the least inf luence by 

government  (24.6%, n=78) versus the highest in  the UK (43.2%, n=134) and 

other countr ies (44.8%, n=30).  Among Canadian part ic ipants,  38.4% were 

found to be inf luenced by government regula t ion, and 40.6% of the main land 

European respondents (Table C -19, Appendix C).  

 THE INT EGRATION  OF TSC iii)

The pr inc ipal decision maker for app lying the integrat ion scheme was 

also exp lored. In th is  case, the arch itect  was seen as the key decision maker 

for the integrat ion scheme (63.8%, n=679) as shown in f igure 5 -14. The IDP 

team were considered the second most inf luent ia l  (43%, n=458) fo l lowed by 

the cl ient (36.8%, n=392).  Government inf luence and the project  manager 

were considered the least inf luent ia l ,  wi th 19.1% and 8.5% respect ively.   

 

Figure 5-14: The decis ion maker of  TSC integrat ion scheme (number of  
part ic ipant,  percentage of  total  responses of  a mult ip le answer quest ion)  
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A sign if icant associat ion was not iced between part ic ipant  profess ion and 

the select ion of  archi tect  [                                    ] .  

I t  is  apparent that 72% of  respondents with in the profess ion of  archi tects  

selected ‘architect ’  as a decision maker,  versus 50.7% of respondents f rom 

other professions and 48.6% of engineers (Table C -20, Appendix C).  Another 

signif icant associat ion was not iced between part ic ipant profession and IDP 

select ion [                                   ] .  The other 

profess ions (52.1%, n=74) and engineers (47.3%, n=116) general ly  

emphasised the inf luence of  the IDP Team more than in the case of  the 

archi tecture professions (39.5%, n=268) (Table C -21, Appendix C).   

In terms of  c l imate zones, there was a s ign if icant associat ion with the 

select ion of  arch itect  [                                 ] .  The 

cont inental  zones’ par t ic ipants (66.8%, n=187) fo l lowed by the t ropical zones 

(66.7%, n=18) and then the temperate zones (64.1%, n=433) emphasised 

more value to the se lect ion of  arch itect  than the dry zones’ part ic ipants 

(48.6%, n=36) .  On the other hand, the dry zones’ part ic ipants recorded the 

highest emphasis on select ing IDP (63.5%, n=47) versus 40.7 -48.1% for  

other c l imat ic zones [                                   ] .  

In terms of geographic regions, the UK part ic ipants recorded the lowest  

select ion of  ‘a rch itect ’  as a decis ion maker for integrat ing TSC (57.3% ,  

n=181) versus 58.9%, n=43 for o ther countr ies,  60.0%, n=60 for  Canada, 

68.2%, n=223 for  the USA and 69.1%, n=172 for main land Europe [       

                            ] .  

Qualitative Analysis:  Comments addressed both domest ic and non -

domest ic bui ld ings together.  Most of  the comments were explanat ions of  the 

select ion of  dec is ion maker.  Some commentaries added a ‘developer’  as a 

decis ion maker in l ieu of  c l ient in some projects:  “cou ld also be the 

developer” .  The c l ient ’s dec is ion was however l inked  to various factors 

includ ing budget:  “Cl ients make the budget  a l locat ion decis ions”  and advice 

by special ist :  “Cl ients  on the advice of  professiona ls”  that conf i rm the role  of  

the archi tect  as usual ly the f i rst  hand advisor in the case of  integrat ing 

technologies.  Many part ic ipants t r ied to def ine the ro le of  the archi tect  in  

projects:  “… leads team [and]  makes recommendat ions”  to  the cl ient  and 
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other team members  as stated an arch itect  f rom t ropical  c l imat ic zome in the 

USA. “The Arch itect  is in a  pr ime posit ion -  i f  they have the ski l l  set  to 

understand th is technology - to recommend i t  to cl ient and argue for [ i ts]  

inclusion”  as stated by an academic architect  f rom Wales , mi ld temperate  

cl imat ic zone. The role of  the archite ct  is  further d iscussed in  sect ions 

5.4.3i i i  and 5.6.2 i i i .  

Cost was a lso related to government  incent ives.  “Government  

inducements a lso support  a [c l ient ’s]  decis ion to instal l  i f  they can see of fset 

costs or payback”  according to a consult ing archi tect  f r om England, whereas 

others saw incent ives as necessary to  encourage the di f fusion of  renewable 

energy. Government incent ives are d iscussed in more deta i l  in  sect ions 

6.3.2,  6.4.6,  7.5.4 and 7.6.4.  

Comments in re la t ion to integrat ion of  TSC focu sed on the a l locat ion of  

resources such as sk i l led insta l le rs,  appropriate technology, and early phase 

of  integrat ion “…educat ion and ear ly integrat ion is key [ factor] ” .  

 INTEGRAT ION OF TSC  A ND HYBR ID PV/TSC 5.5

The integrat ion of  TSC is a part icular ly interest ing topic.  Integrat ion can 

be considered in re lat ion to aesthet ics ( i .e.  the beauty and visual 

appearance of  the integrat ion with in the bu i ld ing envelope).  I t  can also be 

considered in re lat ion to i ts ‘mu l t i - funct ional i ty ’  as an architectural design 

element ( i .e .  energy generat ion plus wal l  c ladding, roof ing, shading device).  

Both of  these factors were exp lored by asking part ic ipants to rate  images of  

seven ex ist ing bui ld ings which incorporate TSC or hybr id PV/TSC pro jects  

on a Likert  scale.   

Seven examples of  TSC integrat ion were presented to represent common 

types of  instal lat ion. The bui ld ings presented were divided into categories 

referr ing to the type o f  TSC integrat ion. Each bui ld ing has been assigned a 

short  ID to ease presentat ion of  informat ion with in graphs; th is is presented 

in  brackets af ter the bui ld ing’s fu l l  name in the fo l lowing descr ipt ions, a long 

with the reasons for inclus ion. Images of  the bui ld ings are presented in th is 

sect ion.  
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TSC and hybrid PV/TSC integration to bui lding facade:  

-  Ann Arbor Mun icipa l Bui ld ing, USA (Ann)  

The integrat ion of  TSC in th is inst i tut ional bu i ld ing is invis ib le.  This  

was expected to help corre late the outcomes wi th one of  the 

quest ions regard ing the preference of  inv is ib i l i ty versus vis ib i l i ty of  

integrat ion (sect ion 5.6.3i)  and the use of  dummy panels  (sect ion 

5.6.3i i ) .  

-  The Currents Residences, Canada (Curr)  

The select ion of  a resident ia l  bui ld ing al lowed fu l l  representat ion o f 

the bui ld ing types to which TSC can be integrated. The colour of  the 

TSC, moreover,  matched the  façade colour in a harmonised 

archi tectural des ign  

-  Northern Ar izona Universi ty,  USA (Ar iz)  

In contrast  to the Ann Arbor Mun icipa l Bu i ld ing, the featured use of 

TSC in th is façade al lowed a comparison wi th  the ‘ inv is ib i l i ty ’  of  the 

Ann Arbor Munic ipal  Bui ld ing. This is d iscussed in re la t ion to 

aesthet ics in sect ion 5 .6.3i .  

-  Group Dion Off ices, Canada (Dion)  

A commercia l  bu i ld ing was also deemed important to  inc lude in the 

quest ionnaire to  enr ich the variety of  bu i ld ing types.  The seemingly 

contradictory co lour and posit ion of  TSC to  the façade design was 

attract ive to explore  in terms of ‘appl ied’ versus ‘ integrated ’ 

technologies,  as descr ibed in  sect ion 3.2.3  and further exp lored in 

sect ion 5.6 .2.  

-  Ste Margueri te Bourgeoys School,  Canada (Marg)  

From the apparent ly  accessib le PV/TSC imagery examples, the 

(Marg)  bui ld ing was chosen as i t  p rov ided a clear image that 

i l lust rated the concept of  PV/TSC hybr id integrat ion.  
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TSC and hybrid PV/TSC integration to bui lding roof:  

-  Renault  Dealership ,  Spain (Rena)  

This was chosen to represent instal lat ions outside Canada and the 

USA.  

-  Turner Fenton School,  Canada (Turn)  

 (Turn) was chosen due to i ts c lar i ty in represent ing the roof  

integrat ion of  hybrid  PV/TSC.  

5.5.1  FAÇAD E INTEGRAT ION OF TRAN SPIR ED SOL AR COLLECT ORS  

Five of  the  examples presented re lated to façade integrat ion of  TSC, one 

of  which a lso incorporated PV.  The responses to these examples are 

descr ibed below in decreasing order start ing from the highest rated for both 

mult i - funct ion and aesthet ics.  

 ANN ARB OR  MU NIC IPAL  BUILD IN G ,  USA  (ANN )  i)

This government bu i ld ing in the USA inc ludes dummy c ladding in order to 

conceal the TSC panels (F ig.  5 -15).  A lmost 78.9% of the respondents agreed 

that the example rated ‘good’ or ‘perfect ’  for  mult i - funct ional i ty;  whi le 73.8% 

gave a simi lar response on aesthet ic  integrat ion (Fig.  5 -16 and Table 5-2).   

 
Figure 5-15: Façade integrat ion of  TSC (Ann),  Ann Arbor Munic ipal  Bui ld ing,  
USA, InSpire wal l  (ATAS 2010) 
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Figure 5-16: Liker t  scale rat ing by respondents of  (Ann) bui ld ing for mult i -
funct ion and aesthet ics  

Table 5-2: Likert  sca le rat ing counts and percentages of  (Ann) bui ld ing for 
mult i - funct ion and aesthet ics responses  

Multi-functionality 
Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 10 3 0 13 
% within Profession 1.5% 1.2% 0.0% 1.2% 

Poor (-1) 
Count 22 11 2 35 
% within Profession 3.3% 4.5% 1.4% 3.3% 

Neutral (0) 
Count 97 52 25 174 
% within Profession 14.5% 21.4% 17.9% 16.6% 

good (+1) 
Count 325 102 66 493 
% within Profession 48.7% 42.0% 47.1% 46.9% 

perfect (+2) 
Count 214 75 47 336 
% within Profession 32.0% 30.9% 33.6% 32.0% 

Total 
Count 668 243 140 1051 
% within Profession 100.0% 100.0% 100.0% 100.0% 

Aesthetics 

Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 19 2 1 22 
% within Profession 2.8% .8% .7% 2.1% 

Poor (-1) 
Count 37 9 3 49 
% within Profession 5.5% 3.6% 2.1% 4.6% 

Neutral (0) 
Count 125 52 29 206 
% within Profession 18.7% 21.1% 20.1% 19.5% 

good (+1) 
Count 288 98 61 447 
% within Profession 43.2% 39.7% 42.4% 42.2% 

perfect (+2) 
Count 198 86 50 334 

% within Profession 29.7% 34.8% 34.7% 31.6% 

Total 
Count 667 247 144 1058 
% within Profession 100.0% 100.0% 100.0% 100.0% 
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Likert scale for Ann Arbor Municipal Building, USA (Ann): 

Architect Engineer Other

Aesthet ics  Mul t i -Funct ion  
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Using Spearman’s Corre lat ion, there was a strong di rect  re lat ion 

between mult i - funct ion and aesthet ics for archi tects                   

versus medium correlat ion for the other professions                   

(Tab le C-23, Appendix  C).  In other words, most of  the arch itects who rated 

‘good’ for  mult i - funct ion, gave a s imi lar response for  aesthet ics.  This t rend 

was also evident among engineers and other professions, but  was less 

pronounced. This was evidenced by  applying eq. (4 -2) f rom which      is 

found to equal  2.47 concluding a sta t is t ica l ly s ign if icant d i f ference in the 

strength of  the correla t ion coeff ic ients  between mult i - funct ion and aesthet ics 

for architects,  and the other profess ions. This means tha t the archi tects had 

more d iverse views on the aesthet ics than other profess ions.  

I t  was not  poss ible to invest igate the sta t ist ica l  associat ion for the 

imagery examples with cl imat ic zones and most of  the other demographic  

data of  the respondents (sect ions 5.5.1 and 5.5.2) as the inputs did not 

sat isfy the Pearson’s Chi -square test  s tat is t ical  ru les due the distr ibut ion of  

responses (sect ion 4.4 .2i ) .  

Qualitative Analysis:  Many of  the comments at t r ibuted to  th is image 

were fasc inat ing; arch itects that rated both branches as ‘good’ or  ‘perfect ’  

f rom various c l imat ic  zones and various geographic  reg ions contr ibuted, 

wr i t ing:  “… fu l ly integrated” ,  “ t ru ly integrated“ ,  “h ides to become part  of  

general façade” ,  “ impercept ib le presence” ,  “…seamless integrat ion”  and 

“…'camouf lage'  technology” .  Other comments were advisory:  “… integrate 

curves to avo id monotony”  by an academic archi tect  f rom trop ica l zone . 

Engineers were more neutral  and noted the need for  more informat ion 

about the funct ion, performance and const ruct ion of  the technology. an 

engineer f rom a dry cl imat ic zone  further commented: “Beauty is in the eye 

of the beholder -  as long as the l i fe  cycle  is  proven  - CO2 ,  embodied energy 

and money not  just  capita l  ( f i rst  cost ) expenditure  but operat ional  costs  and 

disposa l costs -  the whole l i fe of  the bui ld ing - not just  a ’5 year’  payback 

period” .   
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Although there was a purpose behind assessing the aesthet ics and mult i -

funct ional i ty  in  the survey separately ,  some part ic ipants d id not approve of  

the divis ion. An American arch itect  f rom a temperate cl imat ic zone 

commented “st r ive  for  aesthet ic  and funct ion as a hand in glove” .  Fur ther  

part ic ipants viewed the aesthet ics of  the bui ld ing as a result  to the funct ion: 

“ form fol lows funct ion”  is a mantra ut tered by Louis Sul l ivan (Sul l ivan 1918, 

pp. 403-409, ci ted in Guimerá and Sales-Pardo 2006, p.  1 ) as previously  

ment ioned in sect ion 3 .2.1.   

Some part ic ipants would have preferred fur ther informat ion in  order to  

make a judgement:  “… the piece of  architecture appears to be arbit rary,  

albeit  i t  is d i f f icu l t  to pass a robust comment wi thout understanding the plan 

form and bui ld ing sett ing”  was noted by a consult ing archi tect  f rom England , 

mi ld temperate  zone,  who ra ted both mul t i - funct ion and aesthet ics as ‘poor ’ .  

This part ic ipant has acknowledged the need to know the funct ion for a t rue 

judgement;  however,  th is was not an opt ion wi thout s ignif icant ly extending 

the survey (as discussed in sect ion 4.4.1 i i i ) .  

A key po int  which appeared in  re lat ion to th is bui ld ing is  the quest ion of  

h id ing technology or featuring i t ,  and the use of  dummy panels.  The unity 

and harmony of  the design inte grat ion of  TSC with in the bu i ld ing envelope,  

was a possib le reason for i ts h igh rat ings for aesthet ics.  Th is subject  was 

discussed in sect ion 3.2.4 and is more fu l ly addressed later in the survey 

(sect ions 5.6 .3i  and 5.6.3i i ) .  

 THE CU RRENTS RESID EN CES ,  CANADA  (CUR R )  ii)

A mixed-use res ident ia l  bui ld ing that inc luded a TSC integrated as a ta l l  

panel into one port ion of  the façade (Fig.  5 -17).  Almost 76.7% of  

respondents agreed that the example rated ‘good’ or ‘perfect ’  for mult i -

funct ional i ty ,  whi le 67.9% gave  a s imi lar response on aesthet ic integrat ion 

(F ig.  5-18 and Table 5 -3).  
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Figure 5-17: Façade integrat ion –  TSC (Curr),  The Currents Residences, 
Canada (SolarWal l  n.d . )  

 
Figure 5-18: Likert  scale ra t ing by respondents  of  (Curr)  for  Mult i - funct ion 
and Aesthet ics   
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Table 5-3: Likert  sca le rat ing counts and percentages of  (Curr) for mult i -
funct ion and aesthet ics responses  

Multi-functionality 
Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 10 1 0 11 
% within Profession 1.5% 0.4% 0.0% 1.1% 

Poor (-1) 
Count 21 7 1 29 
% within Profession 3.2% 2.9% 0.7% 2.8% 

Neutral (0) 
Count 124 52 26 202 
% within Profession 18.7% 21.7% 19.1% 19.4% 

good (+1) 
Count 332 111 59 502 
% within Profession 50.1% 46.3% 43.4% 48.3% 

perfect (+2) 
Count 176 69 50 295 
% within Profession 26.5% 28.8% 36.8% 28.4% 

Total 
Count 663 240 136 1039 
% within Profession 100.0% 100.0% 100.0% 100.0% 

Aesthetics 

Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 35 1 1 37 
% within Profession 5.2% 0.4% 0.7% 3.5% 

Poor (-1) 
Count 53 6 11 70 
% within Profession 7.9% 2.5% 8.0% 6.7% 

Neutral (0) 
Count 145 57 28 230 
% within Profession 21.7% 23.5% 20.3% 21.9% 

good (+1) 
Count 280 103 53 436 
% within Profession 41.9% 42.4% 38.4% 41.6% 

perfect (+2) 
Count 155 76 45 276 

% within Profession 23.2% 31.3% 32.6% 26.3% 

Total 
Count 668 243 138 1049 
% within Profession 100.0% 100.0% 100.0% 100.0% 

 

The Spearman’s Correlat ion ind icated a st rong direct  re lat ion between 

mult i - funct ion and aesthet ics for arch itects                   and for the 

other professions                   (Table C-27, Appendix C).  By 

applying eq.  (4 -2),  the      equals to 0 .57 which concludes no s igni f icant 

d i f ference in the strength of  the correlat ion coeff ic ients between mult i -

funct ion and aesthet ics for archi tects  and the other professions. This means 

that a high rat ing for  aesthet ics was l ike ly  to be accompan ied by a high 

rat ing for mult i - funct ional i ty .  
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Qualitative Analysis:  A few commentary par t ic ipants have not rated the 

imagery example. The main theme of comments for  th is example was ‘ear ly 

considerat ion and design compa t ib i l i ty ’ .  Part ic ipants commented that th is 

example of  TSC integrat ion was a “…successful app l icat ion of  the 

technology on a compat ib le bui ld ing type” ,  “blends in wel l  with overal l  

design”  and “wel l  in tegrated into the overal l  bui ld ing design” .  A few 

comments indicated that they did not  recognise the TSC unit  in the example 

and considered th is  as a good integrat ion example that  let  them rate 

aesthet ics as ‘perfect ’ .  On the other hand,  an academic architect  and a 

consultant f rom England , mi ld temperate  cl imate,  ra ised a concern of  

shading that might af fect  the performance.  

 NORTHERN ARIZ ONA  UNIVER SIT Y ,  USA  (AR IZ )  iii)

An inst i tut ional  bui ld ing in Northern Ar izona Univers i ty,  USA has a  TSC 

integrated into one of  the façades as a decorat ive and energy  generat ing 

element (Fig.  5 -19).  About 72.6% of  the respondents agreed that the 

example rated ‘good’ or ‘perfect ’  fo r mult i - funct ional i ty,  whi le 64.4% gave a 

simi lar response on aesthet ic  integrat ion (F ig .  5 -20 and Table 5-4).   

 
Figure 5-19: Façade integrat ion –  TSC (Ar iz),  Northern Ar izona Univers i ty 
Dis tance Learn ing Center,  USA (CA Group 2011) 
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Figure 5-20: Likert  scale rat ing by respondents of  (Ar iz) for mult i - funct ion 
and aesthet ics   

Table 5-4: Likert  sca le rat ing counts and percentages of  (Ariz)  for mult i -
funct ion and aesthet ics responses  

Multi-functionality 
Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 15 5 2 22 
% within Profession 2.3% 2.1% 1.4% 2.1% 

Poor (-1) 
Count 44 11 4 59 
% within Profession 6.6% 4.5% 2.9% 5.6% 

Neutral (0) 
Count 110 62 34 206 
% within Profession 16.6% 25.6% 24.3% 19.7% 

good (+1) 
Count 298 104 61 463 
% within Profession 44.9% 43.0% 43.6% 44.3% 

perfect (+2) 
Count 197 60 39 296 
% within Profession 29.7% 24.8% 27.9% 28.3% 

Total 
Count 664 242 140 1046 
% within Profession 100.0% 100.0% 100.0% 100.0% 

Aesthetics 

Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 31 11 9 51 
% within Profession 4.6% 4.5% 6.3% 4.8% 

Poor (-1) 
Count 78 43 17 138 
% within Profession 11.6% 17.7% 12.0% 13.1% 

Neutral (0) 
Count 98 55 34 187 
% within Profession 14.6% 22.6% 23.9% 17.7% 

good (+1) 
Count 258 86 46 390 
% within Profession 38.5% 35.4% 32.4% 37.0% 

perfect (+2) 
Count 205 48 36 289 
% within Profession 30.6% 19.8% 25.4% 27.4% 

Total 
Count 670 243 142 1055 
% within Profession 100.0% 100.0% 100.0% 100.0% 
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 Q12) Likert scale for Northern Arizona University, USA: 

Architect Engineer Other
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As for the Ann Arbor Munic ipal Bu i ld ing, the Spearman’s Corre lat ion 

indicated a strong d irect  re lat ion between mult i - funct ion and aesthet ics for 

archi tects                   versus medium di rect  correla t ion for the 

other professions                   (Table C-24, Appendix C).  By 

applying eq. (4 -2),  the      is equal  to 5.35 which concludes a  stat ist ical ly  

s ignif icant d i f ference in strength of  the coef f ic ients between mu lt i - funct ion 

and aesthet ics for architects ,  and the other profess ions;  that is s imi lar  to the 

resul t  for  the Ann Arbor Munic ipal Bu i ld ing descr ibed previously .  

Qualitative Analysis:  Some part ic ipants commented “as previous”  or  

gave simi lar comments to those they had indicated for the Ann Arbor 

Munic ipal  Bui ld ing.  

Nevertheless, a new theme of comments appeared for th is example,  

where both  architects  and engineers regarded the example as having ‘ low 

archi tectural value ’.  Part ic ipants viewed the technology as  an addit ional 

e lement to the envelope: “…a bolt -on rather than part  of  fabric” ,  “ tacked -on” ,  

“…stuck on at  the last  moment,  and there is no sense of  proport ion”  and 

“ looks l ike an a f terthought” ;  these expressions were f rom part ic ipants f rom 

various c l imat ic zones. Those comments corresponded to rat ings of  the 

aesthet ics as ‘poor’  or  ‘very poor’ ,  a l though indicat ing the mult i - funct ional i ty  

as ‘neut ral ’  or ‘good’.  These comments conf i rmed Probst and Roecker (2007)  

f indings that solar energy integrat ions that  were considered in the design 

phase were genera l ly considered as more aesthet ica l ly p leas ing than those 

added later in the  process (sect ion 3.2).  The arch itectural  aesthet ics of  the 

example was a lbeit  largely considered as acceptable as a “c lear ly dominant  

design feature” ,  wrote  an architect  f rom England, mi ld temperate  cl imat ic  

zone. This theme wi l l  be considered fur ther in sect ions 5.6.2 and 5.6.3.   

 GROU P D ION  OFFIC ES ,  QUEB EC ,  CAN ADA (D ION )  iv)

On this commercia l  bui ld ing in Quebec, the TSC has been integrated into 

the bui ld ing envelope with a di f ferent colour  and rhythm to the rest  of  the 

façade (Fig.  5 -21).  About 62.1% of the respondents rated the bui ld ing as 

‘good’ or ‘perfect ’  fo r mult i - funct ional i ty but only 36.1% of the respondents 

rated the bui ld ing as ‘good’ or ‘perfect ’  for  aesthet ics.  Archi tects  provided 
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more rat ings of  ‘very poor’ ,  or  ‘poor’  for  aesth et ics than other professions 

(F ig.  5-22 and Table 5 -5).   

 
Figure 5-21: Façade integrat ion –  TSC (Dion),  Group Dion, Off ices, Quebec 
- Canada (Matr ixAir n.d. )  

 

Figure 5-22: Liker t  scale rat ing by respondents of  (Dion) for mult i - funct ion 
and aesthet ics  (Table C-25, Appendix C)  
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Table 5-5: Likert  sca le rat ing counts and percentages of  (Ariz)  for mult i -
funct ion and aesthet ics responses  

Multi-functionality 

Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 24 5 2 31 

% within Profession 3.6% 2.0% 1.4% 3.0% 

Poor (-1) 
Count 61 15 3 79 

% within Profession 9.2% 6.1% 2.2% 7.6% 

Neutral (0) 
Count 186 67 33 286 

% within Profession 28.1% 27.3% 23.7% 27.3% 

good (+1) 
Count 286 109 70 465 

% within Profession 43.2% 44.5% 50.4% 44.5% 

perfect (+2) 
Count 105 49 31 185 

% within Profession 15.9% 20.0% 22.3% 17.7% 

Total 
Count 662 245 139 1046 

% within Profession 100.0% 100.0% 100.0% 100.0% 

Aesthetics 

Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 105 11 11 127 

% within Profession 15.7% 4.5% 7.7% 12.0% 

Poor (-1) 
Count 167 60 19 246 

% within Profession 25.0% 24.4% 13.3% 23.3% 

Neutral (0) 
Count 185 71 46 302 

% within Profession 27.7% 28.9% 32.2% 28.6% 

good (+1) 
Count 152 69 47 268 

% within Profession 22.8% 28.0% 32.9% 25.4% 

perfect (+2) 
Count 58 35 20 113 

% within Profession 8.7% 14.2% 14.0% 10.7% 

Total 
Count 667 246 143 1056 

% within Profession 100.0% 100.0% 100.0% 100.0% 

 

Using Spearman’s Corre lat ion, there was a strong di rect  re lat ion 

between mult i - funct ion and aesthet ics for archi tects                   

and for other profess ions                   (Tab le C-26, Appendix C).  

By applying eq. (4 -2),  the      equals to 0.84 which concludes no sign i f icant 

d i f ference in the st rength of  the coeff ic ients between mult i - funct ion and 

aesthet ics for archi tects and the other professions, d i f ferent to the two 

preceding imagery examples. This means that the trend of  rat ing by 

archi tects for aesthet ics was largely simi lar to rat ing the mult i - funct ion; th is 

was not iced s imi lar ly for engineers and others.  
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Qualitative Analysis:  The theme ‘ low arch i tectura l value ’ which arose 

for the Northern Ar izona Universi ty example resurrected for th is one also. 

Again the TSC in the example was seen as an addit ional e lement that was 

forced into the envelope, and i f  anything was considered an even more 

severe example: “…appl ied and not integra l…” ,  “…very top -heavy and … an 

afterthought ” ,  “ too busy and not  integrated into the bui ld ing geometry” ,  

“Clumsy” ,  “…brutal ” ,  “…add -on with a l i t t le l ipst ick”  and “seems forced…”.  

These comments were received by representat ives of  a l l  pro fessiona l 

categories;  however,  some engineers ment ioned the need for further 

informat ion about per formance to judge the mul t i - funct ional  ro le of  TSC in 

the envelope, as was d iscussed in  the previous examples.  

 ST MAR GU ER ITE  BOUR GEOYS SC HOOL ,  CA NADA  (MA R G)  v)

The St Marguer i te Bourgeoys School example includes a PV/TSC 

integrated into the upper part  of  the façade in  a di f ferent co lour  to the rest  of  

the bui ld ing envelope (F ig.  5 -23 ) .  The example was rated ‘good’ or ‘perfect ’  

for mult i - funct ional i ty by 61.9% of  respondents,  whi le  35.5% gave a simi lar  

response on aesthet ics (Fig.  5 -24 and Table 5-6).   

 
Figure 5-23: Façade integrat ion –  PV/TSC (Marg),  St  Marguer i te Bourgeoys 
School,  Ontario–Canada (SolarWal l  n.d. )  
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Figure 5-24: Likert  scale rat ing by respondents of  (Marg) for mult i - funct ion 
and aesthet ics  

Table 5-6: Likert  scale rat ing counts and percentages of  (Marg)  for mult i -
funct ion and aesthet ics responses  

Multi-functionality 
Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 24 6 4 34 
% within Profession 3.6% 2.5% 2.9% 3.3% 

Poor (-1) 
Count 68 7 10 85 
% within Profession 10.3% 2.9% 7.2% 8.2% 

Neutral (0) 
Count 183 63 31 277 
% within Profession 27.7% 26.4% 22.3% 26.7% 

good (+1) 
Count 264 105 56 425 
% within Profession 39.9% 43.9% 40.3% 40.9% 

perfect (+2) 
Count 122 58 38 218 
% within Profession 18.5% 24.3% 27.3% 21.0% 

Total 
Count 661 239 139 1039 
% within Profession 100.0% 100.0% 100.0% 100.0% 

Aesthetics 

Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 86 6 8 100 
% within Profession 13.0% 2.5% 5.6% 9.5% 

Poor (-1) 
Count 145 40 23 208 
% within Profession 21.9% 16.5% 16.0% 19.8% 

Neutral (0) 
Count 232 83 54 369 
% within Profession 35.0% 34.3% 37.5% 35.2% 

good (+1) 
Count 138 80 42 260 
% within Profession 20.8% 33.1% 29.2% 24.8% 

perfect (+2) 
Count 62 33 17 112 

% within Profession 9.4% 13.6% 11.8% 10.7% 

Total 
Count 663 242 144 1049 
% within Profession 100.0% 100.0% 100.0% 100.0% 
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Using Spearman’s Corre lat ion, there was a strong di rect  re lat ion 

between mult i - funct ion and aesthet ics for archi tects                   

and for other profess ions                   (Tab le C-28, Appendix C).  

By applying eq.  (4 -2),  the      equals to 1 .06 which concluded no s igni f icant  

d i f ference in the strength of  the correlat ion coeff ic ients between the trend of 

mult i - funct ion and aesthet ics for architects,  and the other professions. 

Therefore,  most  of  the part ic ipants had simi lar rat ing trends for  both mult i -

funct ional i ty  and aesthet ics.  The archi tects,  in an indiv idual s ignif icant 

d i f ference from other profess ions, rated the aesthet ics integrat ion as poor.  

Qualitative Analysis:  As for the Northern Arizona Univers i ty and Group 

Dion Of f ices the theme of ‘ low architectural value ’ was prevalent.  The 

comments included descr ipt ions of  the TSC unit  in th is example as 

“…obtrusive and heavy” ,  “… [not]  in tegrated with anything” ,  “…'bolt -on'  

element” ,  “…after thought” ,  “…fi t ted … after the bui ld ing was commiss ioned” ,  

and “… tacked -on single- funct ion element” .  As before,  th is conf irms the 

f indings o f  Probst and Roecker (2007)  in regards to the poor qual i ty o f  

current solar thermal instal la t ions as exp lained in sect ions 3.2.4,  and wi l l  be 

examined further in sect ions 5.6.2 and 5.6.3.  However,  not  everyone 

disapproved of the integrat ion example. A consult ing arch itect  f rom a 

temperate cl imat ic zone in the USA ment ioned that the TSC in th is locat ion 

“makes use of  [mechanical]  screen ” .  This comment was supported by a 

Canadian arch itect  f rom a cont inental c l imat ic zone : “ looks l ike an enclosure 

for mechanica l equipment” .  That is re lated to the use of  TSC as a mult i -

funct ional e lement in  order to hide mechanical instal lat ions on the roof 

sect ion. This aspect o f  mult i - funct ional i ty wi l l  be explored further in sect ion 

5.6.1.  

5.5.2  ROOF  INT EGRATION  OF TRANSPIR ED  SOL AR COLL ECT ORS  

 REN AULT DEAL ER SHIP SPAIN  (RENA )  i)

The Renault  dealersh ip example was chosen to i l lust rate the concept of  

roof integrat ion. Th is  commercia l  bui ld ing in Spain  compr ised a TSC 

instal led onto  the roof  wi th a col lect ion duct  (F ig.  5 -25).  The example was 

rated ‘good’ or ‘perfect ’  for mult i - funct iona l i ty by 61.7% of respondents,  
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whi le 33.4% gave a s imi lar response on aesthet ic integrat ion (Fig .  5 -26 and 

Table 5 -8).   

 
Figure 5-25: Roof integrat ion –  TSC duct,  (Rena),  Renault  dea lersh ip,  Spain  
(SolarWall  n.d.)  

 
Figure 5-26: Likert  scale rat ing by respondents of  (Rena) for mult i - funct ion 
and aesthet ics  
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Table 5-7: Likert  sca le rat ing counts and percentages of  (Rena) for mul t i -
funct ion and aesthet ics responses  

Multi-functionality 
Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 45 12 4 61 
% within Profession 6.8% 5.0% 2.9% 5.9% 

Poor (-1) 
Count 63 20 11 94 
% within Profession 9.6% 8.3% 8.0% 9.1% 

Neutral (0) 
Count 161 47 35 243 
% within Profession 24.4% 19.5% 25.4% 23.4% 

good (+1) 
Count 220 89 41 350 
% within Profession 33.4% 36.9% 29.7% 33.7% 

perfect (+2) 
Count 170 73 47 290 
% within Profession 25.8% 30.3% 34.1% 27.9% 

Total 
Count 659 241 138 1038 
% within Profession 100.0% 100.0% 100.0% 100.0% 

Aesthetics 

Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 83 18 5 106 
% within Profession 12.7% 7.3% 3.5% 10.2% 

Poor (-1) 
Count 108 21 17 146 
% within Profession 16.5% 8.6% 12.1% 14.0% 

Neutral (0) 
Count 279 97 65 441 
% within Profession 42.7% 39.6% 46.1% 42.4% 

good (+1) 
Count 112 62 33 207 
% within Profession 17.1% 25.3% 23.4% 19.9% 

perfect (+2) 
Count 72 47 21 140 

% within Profession 11.0% 19.2% 14.9% 13.5% 

Total 
Count 654 245 141 1040 
% within Profession 100.0% 100.0% 100.0% 100.0% 

 

The ra t ing was genera l ly  pos it ive for mult i - funct ion but  was very low for  

aesthet ics.  The architects were in agreement wi th other  professions for  

rat ing mul t i - funct ion. The archi tects  however were stat ist ical ly d i f ferent f rom 

other profess ions in rat ing the aesthet ic integrat ion of  th is roof instal la t ion 

of  TSC between poor and neutral  (                     

                     ) .  Using Spearman’s Correlat ion, there was a 

medium di rect  re lat ion between mult i - funct ion and aesthet ics for  both the 

archi tects                   and the other professions            

       (Table C-29, Appendix C).  By apply ing eq. (4 -2),       equals to 1.17 

which concludes no s ignif icant  d i f ference in  the strength of  the corre lat ion 

coeff ic ients between mult i - funct ion and aesthet ics for architects ,  and the 

other profess ions.  
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Qualitative  Analysis:  The theme of ‘ low arch itectural value’  re -appeared 

again st rongly  in  the comments for th is example. The comments were s imi lar  

to the previous examples, with an addit ional  comment “… just  array …”  as 

the architectura l des ign had no unique harmony  to the concept of  th is 

part icular bui ld ing and could be insta l led in a f ie ld.  The TSC was seen as 

too funct ional rather than as aesthet ica l ly in tegrated with  the design. This is 

an addit ional  conf irmat ion of  the l i te rature  review in sect ion 3 .2.   

With regards to roof instal la t ions, the TSC was appreciated as h idden 

from s ight as a stand -alone unit  ra ther than an integrat ion: “…a roof 

appl icat ion… invisib le f rom the ground” ,  “at  least h idden from v iew…” ,  “has 

no aesthet ic e f fect ,  therefore perfect  solut ion” ,  “h idden from publ ic” ,  “not 

v isua l ly apparent  to normal v iewer”  and “out  of  s ight” .  These issues re lat ing 

to funct iona l and aesthet ic integrat ion preferences wi l l  be further d iscussed 

in sect ion 5.6.2.  

 TURN ER FENT ON SCH OOL ,  CAN ADA (TURN )  ii)

Turner Fenton School in Canada (F ig.  5 -27) represents a roof instal lat ion 

of hybr id PV/TSC. The example was rated ‘good’  or ‘perfect ’  for mult i -

funct ional i ty  by 60.1% of respondents whi le 28.7% gave a s imi lar response 

on aesthet ic integrat ion. Figure. 5 -28 and Table 5-10 show mult i - funct ions 

and aesthet ics rat ing  

 
Figure 5-27: Roof in tegrat ion –  PV/TSC (Turn).  Turner Fenton School,  
Ontario -  Canada, (So larWall  n .d. )  
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Figure 5-28: Liker t  scale rat ing by respondents of  (Turn) for mult i - funct ion 
and aesthet ics  

Table 5-8: Likert  scale rat ing counts and percentages of  (Turn) for mult i -
funct ion and aesthet ics responses  

Multi-functionality 
Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 57 16 3 76 
% within Profession 8.7% 6.7% 2.2% 7.4% 

Poor (-1) 
Count 54 18 9 81 
% within Profession 8.2% 7.5% 6.6% 7.8% 

Neutral (0) 
Count 163 54 38 255 
% within Profession 24.9% 22.5% 27.7% 24.7% 

good (+1) 
Count 217 70 46 333 
% within Profession 33.1% 29.2% 33.6% 32.3% 

perfect (+2) 
Count 164 82 41 287 
% within Profession 25.0% 34.2% 29.9% 27.8% 

Total 
Count 655 240 137 1032 
% within Profession 100.0% 100.0% 100.0% 100.0% 

Aesthetics 

Likert Scale Architect Engineer Other Total 

Very Poor (-2) 
Count 106 16 12 134 
% within Profession 16.0% 6.7% 8.5% 12.8% 

Poor (-1) 
Count 104 36 14 154 
% within Profession 15.7% 15.0% 9.9% 14.8% 

Neutral (0) 
Count 290 102 64 456 
% within Profession 43.8% 42.5% 45.1% 43.7% 

good (+1) 
Count 118 48 36 202 
% within Profession 17.8% 20.0% 25.4% 19.3% 

perfect (+2) 
Count 44 38 16 98 

% within Profession 6.6% 15.8% 11.3% 9.4% 

Total 
Count 662 240 142 1044 
% within Profession 100.0% 100.0% 100.0% 100.0% 
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Similar to  the Renault  dealersh ip example, the arch itects were in  

agreement wi th other  profess ions for mult i - funct ions rat ing.  The archi tects 

however,  were stat ist ical ly in s ignif icant d i f ference from other professions in 

rat ing the aesthet ic in tegrat ion of  the PV/TSC as poor to neutra l  (       

                                   ) .  

Using Spearman’s Corre lat ion, there was a medium di rect  corre lat ion 

between mult i - funct ion and aesthet ics for both the architects            

       and the other professions                   (Table C-30,  

Appendix C).  By apply ing eq. (4 -2),       was equal to 1.17 which concludes 

no signif icant d i f ference in the strength of  the correlat ion coeff ic ients 

between mult i - funct ion and aesthet ics  for architects,  and the other 

profess ions. Therefore,  the aesthet ics ra t ing was increasing along with 

mult i - funct ional i ty for many part ic ipants  

Qualitative Analysis:  Again,  the theme of ‘ low archi tectural va lue ’ was 

predominant,  c losely fo l lowed by the th eme of ‘out of  s ight ’  insta l lat ion. The 

comments were s imi lar to  those for  the Renault  Dealership  example sect ion 

5.5.2i .  The quest ion of  shading that was raised in re lat ion to the Currents 

Residences re -appeared in re lat ion to th is example, as approx imate ly 90% of 

the TSC is covered by PV. Overal l ,  the hybrid  system was appreciated as 

sat isfy ing the dual  funct ion of  space heat ing and elect r ic i ty supply,  with 

comments such as: “Extra marks for  combining PV with TSC”  and “Good 

combinat ion of  PV and using hea t  generated for thermal t ransp irat ion”  as 

stated by respondents f rom Canadian cont inental and Welsh temperate  

cl imat ic zones respect ively .  The hybr id system wi l l  be further invest igated in  

sect ion 5.6 .2i i .  

5.5.3  OVERALL RATIN G  

The mathematical mean (sect ion 4.4. 2 i i i )  was calculated stat ist ical ly  to 

al low more detai led compar ison of  the mult i - funct ional i ty and aesthet ic  

rat ings for the seven examples (F ig.  5 -29a).  The engineers and other 

profess ions were grouped into one category due to their comparat ively small  

indiv idual  weight,  to al low compar ison with  the arch itects as i l lustrated in  

f igure 5 -29b.  
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Figure 5-29: (a) Mathematical mean of  the rat ing for mult i - funct ional i ty (MF) 
and aesthet ics (Aes),  (b) Mathemat ical mean of mult i - funct iona l i ty  (MF) and 
aesthet ics (Aes) rat ings for  profess ion categories,  and  (c)  the images 
represent ing the selected bui ld ings (Table C-22, Appendix C)  
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The overa l l  rat ing for  the (Ann) example was the highest among the 

imagery examples being tested; th is  was fo l lowed by the (Curr) in second 

place for both i ts mult i - funct ion and aesthet ics;  the th ird overal l  rat ing was 

given to (Ar iz).  The architect  respondents were more posit ive in rat ing th is  

example than others in  terms of mult i - funct ion and aesthet ic appearance.  

Stat ist ica l ly,  the aesthet ic rat ing of  the examples was sign if icant ly  

associa ted with pro fession apart  f rom in re lat io n to the Group Dion Off ices 

which recorded a relat ive agreement between architects,  engineers,  and 

other professions. The rat ing of  mult i - funct ional i ty was found to be 

independent of  profession apart  f rom the Group Dion Off ices, St  Margueri te 

Bourgeoroys School and Turner Fenton School where architects were l ikely  

to be less convinced that a posit ive rat ing was appropr iate than the other 

profess ions.  

General ly there was no associat ion with pro fessiona l exper ience except  

for in re la t ion to the aesthet ic rank ing of  Group Dion Off ices and the 

Currents Residences.  Profess ionals with less than 10 years’  experience 

were more posit ive in  rat ing the Group Dion  Off ices than the part ic ipants 

with more exper ience.  The opposite he ld t rue for aesthet ic rank ing of  the 

Currents res idences.  

In term of geographic regions, there was general agreement on the 

aesthet ic rat ing apart  f rom in re la t ion to the Group Dion Of f ic es where  

Canadian and the USA part ic ipants typica l ly rated the integrat ion as ‘good’ 

whereas mainland European and Bri t ish part ic ipants typical ly v iewed i t  as 

‘poor ’ .  S imilar ly for the St Marguer i te Bourgeoys School,  the Amer ican 

part ic ipants rated the aes thet ics as ‘poor’  whereas other nat ional i t ies 

general ly rated the aesthet ics as ‘good’.  

 

 ARCHIT ECTU RAL INTEGR ATION QU ALIT Y  5.6

Arch itectural in tegrat ion qual i ty was ident i f ied as an area for  

invest igat ion in the l i te rature review (sect ion 3.2.3).  Th is concept is  

invest igated here in three categories:  funct ional,  const ruct ive and aesthet ic.   
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5.6.1  FUNCTION AL ASPECTS  

The mult i - funct ional ro le of  TSC integrat ion was considered as the 

combin ing of  arch itectural des ign elements and energy generat ion 

technologies.  Fo l lowing on from the mult i - funct ional i ty rat ing of  the 

examples presented in sect ion 5.5,  quest ions were posed to assess the 

percept ion and the va lue of  the mult i - funct ional ro le of  in tegrat ion. These 

include:  

 

-  Rating the funct iona l pr ior i ty of  TSC technology.  

-  Rating the prior i ty g iven to TSC versus other energy generat ing 

technologies in a new resident ia l  bui ld ing.  

-  Rating the prior i ty g iven to TSC versus other energy generat ing 

technologies in an exis t ing resident ia l  bu i ld ing.  

 

 FUNCTION AL PR IORIT Y  i)

The funct iona l pr ior i ty to be selected when including a TSC in a bui ld ing 

was addressed in re lat ion to:  

a. Funct ion as an energy generator  

b. Aesthet ics  

c. Mult i - funct ion as an archi tectural des ign e lement that sat isf ies 

technica l purpose in addit ion to the aesthet ics of  inte grat ion.  

Out of  957 respondents,  71.6% (n=685) rated the mult i - funct iona l ro le as 

the highest pr ior i ty ,  fo l lowed by funct ion (68.4%, n=655) and then aesthet ics 

(49.9%, n=478).  Part ic ipants also suggested economics, cost ef fect iveness ,  

sustainab i l i ty,  and l i fecyc le as prior i t ies to be considered (Fig.  5 -30).  
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Figure 5-30: Funct ional pr ior i ty aspects of  select ing TSC in  bui ld ing 
integrat ion, se lect ing more  than one choice was avai lable to part ic ipants 
(Tables C-31 and C-32, Appendix C)  

There was a s ignif icant associat ion between professions and the 

select ion of  mult i - funct ion [                                  ] .  

Arch itects were found to prior i t ise the mul t i - funct ional ro le more than others.  

Arch itects a lso prior i t ised aesthet ics more than other professions [       

                           ] .  However,  there was no associa t ion in  

pr ior i ty se lect ion with  geographic locat ion,  c l imat ic zone, work f ie ld  or 

experience.  

Qualitative Analysis:  Some part ic ipants considered mult i - funct ional i ty  

as an automat ic  result  of  appropr iate architectural  integrat ion “…good 

archi tectural feature wi l l  have mult ip le funct ions”  as ment ioned by a 

consult ing arch itect .  A consultant  f rom England added an addit ional  

condit ion to the dik tat  of  Louis  Sul l ivan (sect ion 3.2.1) :  “Form should always 

fo l low funct ion, as long as i t  is suitable,  ef fect ive and ef f ic ient” .  This was 

supported by an Amer ican consult ing engineer f rom trop ical c l imat ic zone “… 

form and aesthet ics fo l lows funct ion -  and mult i - funct ion is a way to adapt 

and be f lexib le. . .  for  survival ”.  Other par t ic ipants considered the three 

select ions to work together in a one level pr ior i ty “a l l  of  these th ings should 

work together” and “…a col lect ive in tegrat ion of  a l l ”  whereas a  Canadian 
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academic arch itect  f rom cont inental  c l imat ic  zone ment ioned the need of a 

balance between factors:  “ I t  has to be a  balance  between funct ional,  

construct ion and formal (aesthet ic) qual i t ies”.  A few comments suggested 

sequent ia l ly  numbering the se lect ions according to the pr ior i ty which was not 

part  of  the quest ionnaire design.  Th is might read as a l imitat ion to th is 

quest ion, however,  the opt ion of  select ing more than one choice would cover 

th is l imi tat ion.  

In a di f ferent iat ion of  integrat ion posit ion and scheme, an architect  

respondent f rom a cont inental c l imat ic zone in the USA ment ioned that “ I f  

[TSC]  is on a roof and [cannot]  be seen,  aesthet ics does not come in to 

play. . .but i f  i t  is part  of  the facade, aesthet ics for the bui ld ing i tself  and i ts 

neighbors is essent ia l ” .  This re i terates s imi lar comments ident i f ied in sect ion 

5.5 and wi l l  be explored further in sect ions 5.6.2  and 5.6.3.  On the other 

hand, an academic f rom a mild humid temperate cl imat ic  zone in  the 

Nether lands stated: “Aesthet ics shou ld  be g iven more a t tent ion ( increases the 

adopt ion o f  the techno logy)” .  

Al though arch itects t reated aesthet ics as the least pr ior i ty fo l lowing to 

mult i - funct ional ro le and funct ion of  the technology, some part ic ipants 

remain to th ink that “arch itects and planners wi l l  be swayed by the aesthet ics ” 

as stated a low carbon consultant  f rom the mi ld temperate England  cl imate.  

 RATIN G PR IORIT Y OF TSC  VER SU S OT HER  EN ER GY GENERATIN G ii)

TECH NOL OGIES IN  A  NEW RESID ENT IAL BUILD IN G  

The prior i t isa t ion of  TSC versus other appropr iate energy generat ing 

technologies in a new res ident ia l  bui ld ing was explored. The other 

technologies were Photovolta ic (PV),  hybr id (PV/TSC), solar water heat ing 

(DHW), wind energy (Wind) and ground source heat pumps (GHP). Solar  

water  heat ing (DHW) accumulated the f i rs t  choice (70.39%, n=642) fo l lowed 

by ground source heat  pumps (GHP) ( 58.99%, n=538),  and hybrid PV/TSC as 

the th ird opt ion (56.36%, n=514).  PV was the fourth choice (53. 4%, n=487) 

fo l lowed by TSC (39.36%, n=359) as the f i f th and wind in sixth place with  

15.24% by 139 part ic ipants (Fig.  5 -31) .  
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Figure 5-31: Technology se lect ion preferences for new res ident ia l  bui ld ings 
per cl imat ic zone, DHW: so lar domest ic hot water,  GHP: ground source 
heat ing pump (Table C-33, Appendix C shows with professions and a sl ight ly  
h igher total  responses  due to the 12 cases excluded from cl imat ic  zones as 
aforement ioned) 

The select ion between technologies had no associa t ion with  profession 

except for  GHP [                                 ]  (Table C-34,  

Appendix C) which was preferred by architects ( 63.3% ,  n=367).  The 

select ions of  PV, wind and GHP were associated with c l imat ic zones. The 

tropical c l imate part ic ipants (81.0%, n=17) were high ly committed to select  

PV than dry (56.1%, n=37),  temperate (55.5%, n=325),  and cont inental 

c l imate (45.2%, n=108),  [                                  .  Wind 

energy was preferred in dry cl imat ic  zones (28.8%, n=19) more than tropical 

(19.0%, n=4),  cont inental (16.7%, n=40) and temperate cl imat ic zones 

(13.0%, n=76) [                                 ] .  GHP was 

preferred in cont inental (64.9%, n=155) and temperate zones (59.7%, n=350) 

more than dry (39.4%, n=26) and t rop ical  zones (33.3%, n=7) ,          

                           .   

The select ions of  TSC, PV, wind and GHP were associa ted with  

geographic locat ion  (F ig.  5-32).  The part ic ipants f rom other countr ies (50%, 

n=29),  USA (46.3%, n=133) and Canada (43.7%, n=38) were more committed 

to select  TSC than main land Europe (29.9%, n=67) and Br i ta in (36.7%, 
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At a new residential building: If a project required a minimum of 20% renewable 
energy to be provided, which of the following options (if any) would you advise to 
be integrated? 

Tropical Dry Temperate Continental
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n=97),                                     .  For PV technology, the 

part ic ipants f rom other countr ies (62.1%, n=36),  Bri ta in (62.1%, 164),  and 

USA (54.7%, n=157) were more dedicated to se lect  PV technology than 

Canada (43.7%, n=38) and Europe (44.2%, n=99),  [                  

                ] .  Wind energy was preferred in other countr ies (22.4%, 

n=13) and USA (20.9%, n=60).  GHP was preferred in USA (67.6%, n=194) 

more than Canada, UK, Europe and other countr ies ( 24.1%, n=14).   

There was no stat is t ical  associat ion between choice of  technology and 

experience, academic degree or project  involvement .  

 

Figure 5-32: Technology se lect ion preferences for new res ident ia l  bui ld ings 
per geographic  reg ion, DHW: domest ic hot water,  GHP: ground source 
heat ing pump (Tables C-35, C36, Appendix C)  

Qualitative Analysis:  Part ic ipants were inv i ted to explain the reason for 

their se lect ion. The main themes in th is response have been represented in 

f igure 5-33 .  ‘Cost  ef fect iveness and return  on investment ’  was the most 

common reason given,  fo l lowed by ‘ fear of  new technologies’,  ‘s impl ic i ty and 

f lex ib i l i ty ’ ,  ‘secur i ty and af fordabi l i ty ’  and ‘government  incent ives ’.  Other,  

less obvious reasons inc luded ‘ renewable compromise ’ and ‘knowledge 

dif fus ion’.  The f i rs t  three key themes are descr ibed below.  
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At a new residential building: If a project required a minimum of 20% renewable 
energy to be provided, which of the following options (if any) would you advise to 
be integrated? 
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Figure 5-33: Seven of the highest themes being coded f rom the comments 
showing the number of  part ic ipants  

Cost ef fect iveness and return on investment:  The cost concerns varied 

but most ly l inked to “A decis ion should always be based upon cost…”  as 

ment ioned by a consultant f rom the mi ld humid temperate UK c l imate. An 

engineer f rom the UK ment ioned that “Actual recommendat ion depends on 

return for investment ” .  An academic architect  f rom humid cont inental 

Connect icut  in the USA also ment ioned that:  “…payback t ime would be 

primary issues”.  Some part ic ipants commented on a ground source heat 

pump as an expensive and not af fordable  technology, a l though some of  

those part ic ipants se lected GHP as a choice to be inc luded in new 

resident ia l  bu i ld ings. Part ic ipants wrote:  “… ground source heat pumps are 

too expensive at  the moment”  a Scott ish arch itect ,  “ [ f rom experience]  ground 

source heat pumps are very ef f ic ient but  are expensive”  Engl ish consult ing 

archi tect  and “ [geothermal is]  high ly ef fect ive ,  but is typical ly more 

expensive for the typical suburban home”  a  Canadian consult ing archi tect  

f rom the humid cont inental Nova Scot ia  cl imate . For wind, the part ic ipants 

seemed concerned about h igh cost:  “Wind energy has sign if icant cost  

impl icat ions with a long payback period”  commented a Canadian consult ing 

archi tect  f rom the humid cont inenta l Ontar i o cl imate zone. In terms of solar 

water heat ing, the part ic ipants apprecia ted the af fordable cost:  “…solar hot  

water is the most cost ef fect ive strategy” a Canadian architect  f rom 
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cont inental  c l imat ic zone , “So lar water has rapid  payback and good 

eff ic iency but is not  so good visual ly”  a consult ing architect  f rom England , 

the mi ld humid temperate cl imate . These comments regard ing cost  

ef fect iveness support  the need for cost savings as high l ighted in the 

l i te rature  rev iew (sect ions 2.3 and 3.2).  

The TSC was ment ioned by a few part ic ipants who were aware of  the 

technology as cost  e f fect ive “…relat ive ly low cost and low impact 

technology”  a consult ing architect  f rom England, “…  cheap and easy way to 

offset space heat ing”  a Canadian academic engineer  f rom a cont inental  

c l imat ic zone, and “…one of the fastest  to payback [ technologies] ”  a TSC 

expert  academic engineer f rom Wales. These comments contrad ict  Hestnes 

(1996) that act ive solar space heat ing is not cost ef fect ive  technologies  

(sect ion 3.2) .  The contr ibut ions of  the part ic ipants in th is paragraph  conf irm 

what has been high l ighted in sect ions 2.3  and 2.4 (McLaren et  a l .  1998 ;  

Resouce Smart  Business 2007 ; Hal l  et  a l .  2011) that  TSC is a  low cost  

technology in spite  of  the common understanding of  TSC as a  non -affordable  

technology (sect ion  5.5.2).  

Fear or re luctance of  new technology:  Many part ic ipants were found to 

be committed to technologies that they have exper ience of  and fami l ia r i ty 

with.  A Canadian architect  f rom a cont inental c l imat ic zone selected DHW 

and GHP because, as he/she stated  “…I have done th is with great success” .  

Another select ion of  PV and DHW by a consult ing archi tect  f rom the warm 

humid temperate Distr ict  of  Columbia in the USA was because i t  is “Best 

understood now” .  Further comments were s imi lar ly repeated:  

-  “… not aware … of the TSC systems, that is why I  would go for 

the highly  mature technologies…”  Engl ish academic arch itect ,  

-  “…I am fami l ia r with the [PV and GHP]  technology from prev ious 

projects”  Amer ican architect  f rom cont inental c l imat ic zone and 

simi lar ly Welsh academic architect ,  the temperate c l imate,  

-  “ [so lar water heat ing is]  most commonly avai lable and recognized”  

Amer ican arch itect  f rom temperate cl imate ,  
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-  “ [so lar  water heat ing are wide ly]  tested and wel l  known 

technologies”  Be lgium archi tect  f rom temperate cl imat ic zone , and 

-   “balance of  proven [versus]  new technolog ies”  Canadian arch itect  

f rom cont inenta l c l imat ic zone .  

“People do not l ike to take r isks with what to them is unfami l iar or 

unproven technology” ,  stated a consult ing engineer f rom England.  This issue 

is further  analysed in sect ion  6.4.4.  

 

Simpl ic i ty and f lexib i l i ty:  th is theme re lates to ‘ fear of  new technologies’,  

where se lect ion is based on the simpl ic i ty and f lexib i l i ty of  the technology. 

Part ic ipants reasoned their select ion as:  “ease of  insta l lat ion…” ,  “easy  to 

incorporate” ,  “easy - to -use” ,  “ [DHW]  is  s implest technology” ,  “easy to  

integrate into the bui ld ing enve lope” ,  “…more f lexib le opt ion“,  and 

“…atta inable with less complicat ion” .  These reasons were g iven for d i f ferent  

technologies that infer the s impl ic i t y and f lex ib i l i ty is sub ject ive to 

experience and famil ia r i ty.  Therefore,  s impl ic i ty and f lex ib i l i ty is appreciated 

as an enabler to the usage of TSC technology as wel l  as other renewable 

energy sources.  

Some pragmatic responses included: “could be any, depending on 

cont ingent condi t ions”  f rom an Engl ish academic ,  “ res ident ia l  covers a very 

wide range of bui ld ing types, f rom senior c i t izen accommodat ion through to 

apartments”  Engl ish consult ing archi tect ,  “…case by case basis”  and “…case 

and locat ion dependent” .  However,  the quest ion was set  up to invest igate 

the pre-ex ist ing preferences of  technology opt ions in order to ident i fy the 

current rank ing of  TSC technology as an avai lable market product.  Certa in ly,  

considerat ion should be given to locat ion, or ient at ion, budget and so forth,  

as indicated in  sect ions 3.2.2 and 5.4.3i i .  

 RATIN G PR IORIT Y OF TSC  VER SU S OT HER  EN ER GY GENERATIN G iii)

TECH NOL OGIES IN  A N EXISTING RESID ENTIAL BUILDIN G  

Similar to the previous sect ion, the pr ior i t isat ion of  TSC versus other 

appropr ia te energy generat ing technologies in an ex ist ing resident ia l  
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bui ld ing was explored. As in the last  sect ion, the other technologies were 

Photovolta ic (PV),  hybrid (PV/TSC), solar water heat ing (DHW), wind energy 

(Wind) and ground source heat pumps (GHP). Si mi lar to new bu i ld ings, DHW 

was the f i rst  cho ice (70.7%, n=639).  However,  d i f ferent ly for ex ist ing homes, 

the second choice was PV (56.7%, n=513).  The th ird  choice was hybrid 

PV/TSC (46.0%, n=416),  fo l lowed by GHP (37.7%, n=341).  The TSC was 

ranked f i f th (28.2%, n=255) fo l lowed by wind energy as the least  ranking of  

14.6% and 132 part ic ipants (Fig.  5 -34) .  

 

Figure 5-34: Technology select ion preferences for exist ing resident ia l  
bui ld ings per cl imat ic zone (Table C-37, Appendix C)  

Similar to new bui ld ings, the select ions o f  PV, wind and GHP were 

associa ted wi th cl imat ic zones. The t ropical c l imate part ic ipants ( 76.2%, 

n=16) were h ighly committed to se lect  PV than dry (61.5%, n=40),  temperate 

(59.3%, n=345),  and cont inental  c l imate zones (47.5%, n=112),  [       

                           .  Wind energy was preferred in dry 

cl imat ic zones (29.2%, n=19) more than t ropical  (23.8%, n=5),  cont inental 

(15.7%, n=37) and temperate c l imat ic zones (1 2.2%, n=71) [            

                     ] .  GHP was preferred in cont inenta l ( 45.8%, 

n=108) and temperate  zones (36.1 %, n=210) more than dry (27.7%, n=18) 

and tropica l zones (23.8%, n=5)                               
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At an existing residential building: If a project required a minimum of 20% 
renewable energy to be provided, which of the following options (if any) would 
you advise to be integrated? 

Tropical Dry

Temperate Continental
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There was also a s tat ist ica l  associat ion in  select ing TSC, PV,  wind and 

GHP with geographic  locat ion. The Canadian (39.5%, n=34) and USA 

(33.2%, n=95) part ic ipants led the commitment towards TSC versus Bri t ish 

part ic ipants (25.4%, n=66),  Europeans (22.9%, n=51) and other  count ies 

(22.8%, n=13).  For PV technology, the Bri t ish part ic ipants were the most 

dedicated to use PV (66.5%, n=173) versus the Canadians (47.7%, n=41) 

who were the least  committed. The part ic ipants f rom the USA were ranked 

second (57.7%, n=165) fo l lowed  by the part ic ipants f rom other countr ies 

(54.4%, n=31) and then mainland Europe (49.8%, n=111) as the second from 

last  (F ig.  5 -35).  

 

Figure 5-35: Technology select ion preferences for exist ing resident ia l  
bui ld ings per geographic region  

 

Qualitative Analysis :  Simi lar to the prev ious sect ion, par t ic ipants were 

invi ted to expla in the reason for the ir select ion. The mai n themes from the 

previous sect ion ‘cost ef fect iveness and ROI ’ ,  ‘ fear of  new technologies’  and 

‘s impl ic i ty and f lexib i l i ty ’ ,  a l l  featured in  th is response, a long with ‘s i te 

characterist ics ’  and ‘bui ld ing type and funct ion’.  The theme of  ‘s impl ic i ty  and 

f lexibi l i ty ’  came top fo l lowed by ‘s i te characterist ics ’  and then ‘cost 

ef fect iveness and ROI’.  Figure 5 -36 shows the ranking of  the main f ive 

themes.  
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Figure 5-36: Five of  the highest themes being coded f rom the comments 
showing the number of  part ic ipants  

Simplic i ty and f lex ib i l i ty:  Part ic ipants were keen to use a technology that 

is easy and simple to  integrate in order to reduce possible damage during 

the integrat ion. Although TSC ranked equal ly as a potent ia l  technology for  

both new and exist ing bui ld ings, the vo lume of responses s upport ing TSC for 

exist ing bui ld ings was less than that for new bui ld ings. Th is is l ikely  due to a 

caut ious approach to integrat ion in an exist ing dwel l ing. Furthermore,  the 

volume of responses support ing PV/TSC select ion was lower for ex ist ing 

bui ld ings than for new bui ld ings, probably  due to the same reason of 

integrat ion simpl ic i ty  as shown in f igures 5 -33 and 5-36 above. The 

comments were s imi lar to those reported for sect ion 5.7.1i i .  They revo lve 

around the “ease of  integrat ion”  and “s imple techno logy” albeit  the 

respondents have ass igned th is ease or  s impl ic i ty  for  “exist ing bui ld ings” 

such as  “…easi ly be retrof i t ted” and “ease of  adapt ion of  exist ing envelope” .  

These comments referred mainly to  PV and DHW technolog ies as an 

addit ional insta l lat ion rather than a surgical integrat ion “eas i ly added to 

exist ing roofs”  in order to avoid damage during instal lat ion as 

aforement ioned. GHP was considered “…[not easi ly ]  added to an exist ing 

bui ld ing”.  
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Site Character ist ics:  Some part ic ipants considered ren ewable energy 

technologies as not easy to be appl ied on ex ist ing bui ld ings  as ment ioned a 

Canadian arch itect  f rom cont inenta l c l imat ic zone . Others noted that the 

select ion of  a  technology to be used for  ex ist ing bui ld ings depends on the 

si te character ist ics.  The comments were such as: “…depends on the locat ion 

of  the bui ld ing and the si tuat ion on si te…” ,  “…depends on [geographic]  

locat ion” ,  “…locat ion dependent”,  “…depending on cont ingent condit ions” ,  

“…depends on s i te specif ics…” ,  and  “…depends on the locat ion of  the 

bui ld ing - use loca l resources” .  These case to case di f ferences were noted 

in sect ion 3.2.4.   

Other part ic ipants have simi lar ly  condit ioned the use of the technology to 

the type of  the exist ing bui ld ing and the funct ion to be sat is f ied f rom 

renewable energy instal lat ion.  

The two other themes shown in f igure 5 -36 were s imi lar to those 

discussed for new bu i ld ings (sect ion 5.6.2 i i ) .  

 

5.6.2  CONSTR UCTION  ASPECT S  

The const ruct ion aspects of ten combine both funct ion and aesthet ics;  

however,  i t  is considered a transformat ional path that bui lds -up the funct ion 

towards the form as descr ibed in sect ion 3.2.3i i .  Const ruct ion aspects are 

explored in terms of:  

-  TSC posit ion on bui ld ing related to bu i ld ing type (non -domest ic 

and domest ic bui ld ings).   

-  Build ing status ( i .e.  new design or refurb ishment).  

-  Local author i ty  guidel ines for t radi t ional  bui ld ings.  

-  Stage of bui ld ing when integrat ion is considere d. 

 TSC  POSIT ION ON  BU ILD ING R ELATED T O BUIL DING TYPE (NON -DOMESTIC i)

AND DOMESTIC BUILD IN GS )  

The integrat ion scheme incorporat ing funct ional and aesthet ic aspects 

was explored in  re lat ion to the posit ion on the bui ld ing enve lope and bui ld ing 
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type ( i .e .  non-domest ic and domest ic bui ld ings).  The quest ion was designed 

to ref lect  the possib le  schemes of integrat ion ident i f ied in sect ion 2.4.3.  I t  

a lso bui lds on the TSC integrat ion examples (sect ion 5.6),  by explor ing the 

theoret ical concept of  archi tectural inte grat ion.  

 

Non-domestic buildings:  the integrat ion scheme of roof PV/TSC was 

ranked the highest (71.6%, n=624) fo l lowed by the façade PV/TSC 

integrat ion scheme (59.4%, = 518).  The integrat ion of  TSC in the façade 

(52.4%, n=457) was the th ird ranked fo l lowed by the TSC on the roof (45%, 

n=392) as the last  choice that the part ic ipants would recommend for non -

domest ic bui ld ings (Fig.  5 -37).  Stat ist ical ly ,  there was a signif icant  

associa t ion between the select ion of  TSC in  the façade  and c l imat ic zones.  

Dry c l imat ic  zone’s respondents (35.9%, n=23) were  the least  committed to 

use TSC façade. The other zones were as fo l low:   cont inental  (59.2%, 

n=132),  t ropical  (52.4%, n=11) and temperate zone (51.3%, n=286).  There 

was no s ignif icant associa t ion in the select ion with in pro fessions, 

geographic regions , or  exper ience which means that a lmost  a l l  respondents 

were in stat ist ical  agreement with the ranking  apart  f rom dry c l imat ic zone 

with the select ion of  TSC façade .  

 
Figure 5-37: Recommended integrat ion scheme of TSC at non -domest ic 
scale  
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At a typical building’s geometry and adjacent parameters, which of the following 
integration schemes of transpired solar collectors would you recommend for: 
Non-domestic office buildings? 

Architect Engineer Other
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Domestic buildings:  Similar to non-domest ic bui ld ings, the respondents 

selected the roof PV/TSC scheme (75.9%, n=656) as the highest,  with a 

sl ight ly h igher percentage than for non -domest ic.  In a not iceable di f ference 

in the st rength of  select ion, the roof TSC (50.9%, n=440)  ranked the second 

choice. In a further not iceable change, the part ic ipants selected the façade 

TSC (36.9%, n=319) to rank the th ird,  whereas the PV/TSC façade (35.4%, 

n=306) ranked the least (Fig.  5 -38).  There was almost no associat ion with  

geographic regions,  c l imat ic zones and profess ion in the select ion; 

archi tects were, however,  more commit ted to the type of  TSC roof 

integrat ion than engineers.  

 
Figure 5-38: Recommended integrat ion scheme of TSC at domest ic  scale  

Qualitative Analysis:  ‘Bui ld ing type and funct ion’  was the most common 

theme fol lowed by ‘s i te characterist ics ’  and then ‘ locat ion, s ize and 

orientat ion’.  The part ic ipants preferred the hybrid funct ion of  PV/TSC which 

suppl ies space heat ing and elect r ic i ty.  The integrat ion scheme in non -

domest ic bui ld ings seemed driven by funct ion, as the two highest favoured 

select ions were the hybrid systems. The select ion in the dom est ic  bui ld ings 

on the other hand was driven by aesthet ics,  part icular ly the invis ib i l i ty of  the 

technology (sect ion 3 .2.4),  where the two top choices became the roof 

integrat ion schemes.  
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Bui ld ing type and funct ion:  Many part ic ipants ment ioned that the 

select ion is  d i f ferent in design pract ice rather than prov iding a theoret ica l 

answer.  Al though most of  them have expressed thei r preference of  an 

integrat ion scheme, they ind icated that  the select ion might change 

depending on design, s i te,  the use of  bui ld in g, and the purpose of  the 

in tegrat ion. Examples of  such comments were”:  “depending on integrated 

design intent ” ,  “case and locat ion dependent” ,  “…pro ject  specif ic ” ,  “bui ld ing 

types”  and “[ the]  scheme depends ent ire ly upon the object ives of  the 

project ” .  

Si te character is t ic :  Some part ic ipants use of  the technology was 

indicated as be ing dependent on ‘s i te characteris t ics’  (sect ion 5.7.1i i i ) ,  

includ ing ‘ locat ion, s ize and orientat ion’ of  the technology and also ‘concept 

compat ib i l i ty ’ .  These themes are a l l  in terre lated with the archi tectural  

design, par t icular ly  with in the IDP process (sect ion 3.2.2).  

Further part ic ipants di f ferent iated between the domest ic and non -

domest ic bui ld ings. A Greek archi tect ,  f rom a temperate medi terranean 

cl imate,  ment ioned that non-domest ic bu i ld ings have more f lexib i l i ty of  

integrat ion than domest ic bu i ld ings. A Canadian engineer f rom the humid 

cont inental Ontar io cl imat ic zone wrote: “ [ there is not]  enough room on a 

domest ic roof for both TSC and PV”  whereas an academic cont inental  

Canadian engineer ment ioned that of f ice  bui ld ings have “p lenty of  wal l  space 

for TSC and genera l ly f lat  roofs where PV can be rack mounted “ .   

 INTEGRAT ION PR EFEREN CE OF TSC  IN  RELAT ION  TO BU ILDIN G STATU S  ii)

Build ing on previous indicat ions that responden ts consider TSC to be 

more viable for new bui ld ings than ex ist ing ones, th is aspect was addressed 

direct ly to evaluate the support  for using TSC in new design versus 

refurb ished bu i ld ings.  There was st rong support  for the in tegrat ion of  TSC in 

both new des igns and refurbishment  pro jects (62.6%, n=596).  Th is posit ion 

was st ronger with in the architects than wi th in the engineers and other 

profess ions. New design alone was further supported by 28.6% (n= 272) of 

the part ic ipants,  however,  the category refurbishe d bu i ld ings a lone was the 
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least preferred (2.0%, n=19) as shown in f igure 5-39. There was no 

stat is t ical  associat ion with any of  respondents ’  demographics.  

 

Figure 5-39: The support  for  TSC integrat ion in new and re furbished 
bui ld ings (Table C-38 in Appendix C)  

Qualitative Analysis:  part ic ipants expressed the importance of  other  

issues beyond that of  easy select ion between new and refurbis hed bui ld ings.  

These issues inc luded “depends on the status of  project” ,  “economic 

feasibi l i ty ”  or  lack of  support  by legislators.  Similar to the f ind ings in sect ion 

5.6.2i ,  some part ic ipants considered integrat ion in  re furb ished bu i ld ings as 

di f f icul t  to just i fy in terms of cost and aesthet ics versus new design bui ld ing 

where the TSC would proper ly f i t  with in the envelope and technica l contexts,  

especia l ly i f  considered at  the early stage of  design (sect ion 3.2.3 i i ,  5.4.3 i i  

and 5.6.1i) .   

 LOC AL AUTH ORIT Y GUID ELIN ES F OR TRAD IT IONA L BUIL DIN GS  iii)

Harmonising TSC wi th in the architectura l concept was presumed as a  

true statement to be tested in the existence of  local authori ty  p lanning 

guidel ines for t radit ional bui ld ings. Th is route for invest igat ion was inspi red 

by the study of  PV integrat ions carr ied out  by Lundgren et  a l .  (2004) .  The 

majori ty of  survey respondents (55.5%, n=522) agreed with the statement “I t  

is  of ten d i f f icul t  to  harmonise t ranspired solar col lectors with the 
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archi tectural concept,  when loca l author i ty d esign guide l ines are set -up for  

t radit ional bu i ld ings”.  However,  21.3% (n=200) part ic ipants disagreed with  

the statement,  whi le 23.2% (n=218) part ic ipants had ‘no op inion’  (F ig.  5 -40).   

 

Figure 5-40: Harmonising TSC with in the architectural  concept of  t radit ional  
bui ld ings (Table C-39, Appendix C)  

There was a stat ist ical ly s igni f icant associat ion with profess ion in the 

select ion [                                         ] .  Engineers 

were found in less agreement with the statement than archi tects  and other 

profess ions; however,  more engineers responded with ‘no opin ion’.  The 

archi tectural concept  is usual ly managed by the architect ,  the design 

faci l i tator (sect ion 3.2.2).  Therefore,  f inding 23.4% of the respondent 

archi tects in disagreement with the statement being tested was a posit ive 

sign towards potent ia l  integrat ion of  TSC in t radit ional bu i ld ings. Albeit  a low 

percentage, th is increases the chanc es of  accept ing the chal lenge of  

integrat ion in the design. Even though, there are many part ic ipants in  

agreement  with the s tatement be ing tested who requested amendment to 

local author i ty regula t ions as d iscussed hereafter.  No associat ion with 

cl imat ic zones were recorded.  

 Furthermore, there were more Europeans (62.1%, n=141) than others in  

agreement of  the statement,  whereas, Canadian respondents (42%, n=37) 

were the least in agreement with the statement [                    
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                     ] .  There were many Canadians however with  no 

opinion. The respondents f rom other countr ies (59.6%, n=34),  the UK 

(57.2%, n=158) and the USA (52.1%, n=152) respect ive ly,  were in the upper 

midd le of  agreement with the s tatement be ing tested (Table C -40,  Appendix 

C).  

This  cou ld be interpreted due to more t radit iona l bui ld ings in Europe 

than Canada (Humphreys and Sykes 1980 ),  therefore bu i ld ing professiona ls  

in Europe have more pract ical awareness of  t radit ional  bui ld ing 

ci rcumstances than Canadian respondents.  Another possib i l i ty  however 

could be that Canadian respondents enjoy the chal lenge of  integrat ion, 

especia l ly when they are highly committed to the TSC technology (sect ion 

5.4.1).  

Qualitative Analysis:  The most  common theme of comment s was ‘ loca l 

authori ty p lann ing legislat ion ’  fo l lowed by ‘ro le of  architect ’  and then 

‘h is tor ical  and exis t ing bui ld ings ’.  Other themes were found simi lar  to  

previous quest ions such as ‘ low archi tectural value ’ and ‘acceptance by 

consumer’ and ‘knowledge dif fus ion’ ( i .e .  sect ion 5.5) .  

Local author i ty p lanning legis lat ion :  There were two groups expressing 

contradictory opin ions towards local  authori ty regu lat ions. One group 

opposed the current  legis lat ion, whi le another group supported the 

legis lat ion. Another group inv i ted architects to adapt themselves to the 

current leg isla t ion . The group opposing the current p lanning legislat ion was 

not iceably stronger than the others.  “Planning is a major h indrance to 

in tegrat ion of  new technology genera l ly -  most ly backward looking and 

conservat ive in approach” .  Th is op inion was stated by a consult ing architect  

f rom Wales, whereas another academic architect  f rom Niger ia ment ioned 

that the regulat ions are r ig id and outdated without provision for  the future.  A 

consult ing archi tect  f rom the USA asserted that “ local  codes are behind the 

t imes in many cases and they do not understand how these opt ions can be 

aesthet ica l ly p leasing” .  This op inion was echoed by two academic archi tects 

f rom the USA and agreed with by another consult ing arch itect  f rom Wales.  

Another academic f rom a cont inenta l c l imat ic zone in the USA stated that 

“…local  author i t ies [should]  embrace the progress ion of  design development  
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and sustainabi l i ty”.  The above part ic ipants were al l  in agreement  with the 

statement be ing tested.  

“Some [ loca l author i t ies]  are more understanding than others” ,  th is  

comment inferred d if ferences between authori t ies accord ing to a consultant 

f rom England who also agreed with  the survey statement in quest ion. A 

consultant f rom Canada who disagreed with the survey statement asserted 

that “[most]  municipal i t ies wi l l  adapt the ir ru les to accommodate renewable 

energy” .  Furthermore, a consult ing engineer f rom England perceived 

acceptance of  new technologies in the design guidel ines.  Th is category 

remains nei ther support ive nor in content ion to local authori ty leg is lat ion. An 

archi tect  f rom the nat ional government in Canada acknowledged that “…most 

design guidel ines are highly prescrip t ive and based on looks ra ther than 

values ” therefore, local authori t ies “…encourage design guidel ines that are 

non-prescr ipt ive,  that  promote performance rather than aesthet ics”.  The 

part ic ipants with in th is category acknowledged the need for change but 

bel ieved that  loca l authori t ies wi l l  address the need.  

Nonetheless, an academic arch itectural h istor ian from Wales t rusted the 

local authori ty as a guardian on the publ ic preferenc e: “[ local ]  authori ty 

guidel ines are l ike ly to take greater account  than arch itects tend to of  loca l  

people 's aesthet ic preferences” .  However,  a consult ing arch itect  f rom 

England (who disagreed with the statement  being tested) emphasised the 

responsibi l i ty  on the designer rather than the local author i ty:  “ i f  the design is  

strong and the systems sensit ively incorporated then there shouldn' t  be any 

problem with  the [ loca l author i ty] ”.  An arch itect  work ing in local  government 

in  England sta ted that  their “…planning of f icer is recept ive to [ in tegrat ion]  

ideas but [ integrat ions have]  to look r ight ” .  Therefore,  “…local authori t ies 

would work [with]  the designer and not [against ] ”  as stated by a consult ing 

archi tect  f rom the USA. Therefore,  a comprehensive retrof i t t ing design on 

tradit ional  bui ld ings should t raverse the local  author i ty  leg isla t ion  as long as 

the lat ter welcomes pleasing work that a l lows competent arch itects to  

succeed. The local authori ty regu lat ions e i ther outdated or updated should 

be combined wi th the archi tectural and envi ronmental development  needs in 
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order to “…master renewable energ ies”  as stated by an engineer f rom 

France.   

Arch itect ’s ro le:  As discussed under ‘ local  authori ty p lanning legis lat ion ’ 

above, part icu lar emphasis has been put  on the architect  to  get the 

integrat ion successful ly accepted by both  local authori ty and publ ic.  Some 

part ic ipants t r ied to def ine the role of  the architect  in the integrat ion (sect ion 

5.4.3i)  and others emphasised th is ro le in address ing the chal lenge towar ds 

a successful  des ign as “…refurbishment  may be a very t r icky task for  an 

archi tect ” ,  Greek archi tect .  “That is where sk i l ls and creat iv i ty comes in play 

and [make]  a d i f ference between good architect  and engineer and the bad 

ones”  as stated by an academic architect  f rom Canada and conf i rmed 

simi lar ly by many others,  such as a consult ing engineer f rom the 

Nether lands and archi tect  f rom the USA. Therefore,  the harmony of  TSC 

integrat ion with in architectural  concept  were seen dependent on the 

archi tects  and thei r “…abi l i ty  to t raverse the [ loca l authori ty]  guidel ines” as 

stated by a consult ing archi tect  f rom the USA.  

His tor ica l versus non-his tor ica l:  Further  part ic ipants d i f ferent iated 

between trad it iona l bui ld ings whether l isted as histor ical  bui ld ings or not.  

Most of  the part ic ipants in th is theme either  in agreement or d isagreement 

with the s tatement be ing tested, specif ied the di f f icu l ty of  integr at ing TSC 

technologies with his tor ica l bui ld ings: “…dif f icul t  in Conservat ion Areas and 

l is ted bui ld ings” ,  commented a consult ing arch itect  f rom Scot land. 

Furthermore, an arch itect  f rom the Welsh local government when responding 

to the statement being tested on local authori ty design guide l ines and 

harmonis ing TSC in archi tectural concept,  fe l t  that i t  was “only real ly an 

issue in Conservat ion Areas” .  Simi lar ly an architect  f rom I ta ly fe l t  d i f f icul t ies 

arose in integrat ing TSC technologies:  “only in h istor i c bui ld ings” .  Some 

others however deemed to manipulate the benef i ts f rom integrat ion such as 

a consult ing arch itect  f rom England who sta ted: “[ the]  solu t ion is to locate 

discretely in a way that neither jeopard ises visua l integr i ty [nor]  operat iona l 

performance”.  This manipulat ion was addressed in th is  study in  variant  form 

such as the funct ional pr ior i ty in se lect ing TSC (sect ion 5.6.1 i )  and the 

preference of  integrat ion in re lat ion to bui ld ing status (sect ion 5.6.2i i ) .  



HASAN JAMIL ALFARRA CHAPTE R 5  | |  ARCHITE CT URAL  INTEG RAT IO N  

 

  Page |  207  

 STAGE OF BUIL DIN G WH EN INTEGRAT ION IS  CON SID ER ED  iv)

The appropriate stage to consider integrat ion with in was explored. I t  was 

found 83.2% (n=779) of  part ic ipants recommended that the TSC be 

integrated into the bui ld ing enve lopes at  the arch itectural  des ign stage 

rather than a later  stage (1.1%, n=10).  However,  15.7% (n=147) of  

part ic ipants be l ieved that the decis ion should be lef t  to the pro ject  team as 

each project  cou ld have dif ferent  c i rcumstances (Fig.  5 -41).  

 

Figure 5-41: The recommended deve lopment stage of  integrat ing TSC in  
bui ld ings (Table C-41, Appendix C)  

Stat ist ica l ly,  no s ignif icant associat ion was found between the select ion 

of  integrat ion stage of  TSC and any of  the profess ions,  c l imat ic zone,  

geographic groups, experience or academic degree of  the part ic ipants.  

Furthermore, no sign i f icant associat ion was found with awareness of  the 

TSC technology. This  means that a l l  respondents were in a  s tat ist ica l  

agreement in the ranking.  

Qualitative Analysis:  The most  common theme for comments was ‘ear ly  

considerat ion and design compat ib i l i ty ’ .  Th is  theme was strong ly  st ressed in 

th is quest ion al though i t  has a lso been considered in previous sect ions (5.5 

and 5.6.2i ) .  As the vast majori ty of  the respondents preferred integrat ion of  

TSC at the design stage, most o f  the comments expressed support  for 

or ig inal integrat ion “… . . . .or as ear ly as possible for fu l l  integrat ion into the 

design” .  Al l  aspects of  renewable energy technolog ies as part  of  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

Originally Integrated Attached Later Subject to Project Team

%
 o

f R
es

po
nd

en
ts

 w
ith

n 
P

ro
fe

ss
io

n 

At which stage of building development would you recommend the integration of 
transpired solar collectors in buildings to be? 

Architect

Engineer

Other



HASAN JAMIL ALFARRA CHAPTE R 5  | |  ARCHITE CT URAL  INTEG RAT IO N  

 

  Page |  208  

“…environmental  responsibi l i ty [have]  to be considered at  the outset of  

every pro ject  …”,  according to a consul t ing archi tect  f rom England. This  was 

also st ressed by a  consult ing archi tect  f rom Scot land who said: 

“…sustainab le elements … should be integrated at  the beginning as part  of  

the overal l  concept”  in  order to avo id “…bolt -on afterthought”;   (d iscussed in 

sect ion 5.6.3 ) and was stressed by other respondents.  Otherwise, late  

integrat ion was deemed to be “…a compromise”  with other funct ions  or  

design elements according to an architect  f rom the USA.  

Potent ia l  integrat ion for exist ing bui ld ings:  Either the la te integrat ion of  

TSC technology was selected by a few part ic ipants as an opt ion, or  

part ic ipants preferred to leave the pro ject  design team to decide how to 

introduce i t ,  especia l ly for exis t ing bui ld ings. An architect  at  the nat ional 

government o f  Canada, cont inenta l c l imat ic zone, who selected the opt ion of 

at taching TSC at a later stage just i f ied h is select ion due to h is be l ief  “…[to]  

become stewards of  the exis t ing bu i l t  env ironment rather  than t ry ing to bui ld 

our way out of  c l imate change” .  This d i rect ion t ransmits a potent ia l  

integrat ion of  TSC, as wel l  as other renewable energy technolog ies in the 

exist ing bui ld ings, especial ly that  the exist ing bui ld ings outweigh the newly 

design bui ld ings in number as high l ighted in sect ions 1.3.3 and 3.2.  

Non-systematic design process:  On the other hand, the integrat ion was 

seen as a compl icated design process that cannot be prejudged “…unt i l  one 

picks up a penci l ,  programme in hand, the specif ic context or sett ing of  the 

project  known, and start  to work”  rather than a simpl ist ic answer of  the 

quest ion as ment ioned by an architect  f rom the cont inental New York cl imat e 

in the USA. Th is s tatement supports a non -systematic  design process .  

5.6.3  AESTH ETIC S  

Aesthet ics of  TSC integrat ion is considered under the fo l lowing top ics:   

-  Invis ib i l i ty or feature  

-  Use of dummy panels  

-  Colour se lect ion  

-  Aesthet ics of  l ight  colours versus TSC performance.  
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 INVISIBIL IT Y OR  FEATUR E  i)

I t  was found that 43.6% (n=402) of  the part ic ipants preferred invis ib le  

integrat ion of  TSC, whi le 28.4 % (n=262) preferred a c lear ly  featured 

in tegrat ion, whi le 28.1%, n=259 of the part ic ipants had the choice of  ‘no 

opinion’.  Many part ic ipants ment ioned that  decisions must be made on a 

case to case basis  and others indicated that both c lear ly  featured and 

invisib le designs are possib le opt ions (Fig.  5 -42).   

 

Figure 5-42: The preference of  aesthet ic integrat ion o f  TSC in façade (Table 
C-42 in Appendix  C)  

There was no associa t ion in select ion with  profess ion , c l imat ic zone or 

geographic region.  However,  the respondents f rom temperate c l imat ic zones 

(46.3%, n=272) were the highest in preference of  invis ib i l i ty whereas the dry 

and tropica l zones’ part ic ipants (39.1%, n=34) highly preferred a clearly 

featured integrat ion. Similar ly,  the Bri t ish par t ic ipants (49.1%, n=130) were 

the highest in favour of  inv is ib i l i ty whereas the part ic ipants f rom other 

countr ies group (37.9%, n=22) where the highest in favour of  c lear feature 

integrat ion.  

Qualitative Analysis:  This aspect of  the survey at tracted sign i f icant 

comment,  which just i f ies the importance of  aesthet ics as an ‘ inv is ib le 

incent ive’.  The main themes of the comments included ‘concept 

compat ib i l i ty ’ ,  ‘ locat ion, s ize and orientat ion’,  ‘knowledge dif fus ion’,  

‘prototype technolog ies’ and ‘bui ld ing type  and funct ion ’.  The majori ty of  the 
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comments (62%, n=106 )  were made by part ic ipants who se lected ‘no opinion ’ 

in  f igure 5 -42 above; 63% out  of  them were from temperate cl imat ic zones,  

26.5% from cont inenta l and 8.5 % f rom dry zones in  addit ion to  one response 

from trop ica l zone and one response f rom the USA hav ing no ident i f ied 

cl imat ic  zone. The major i ty  of  those  respondents st rongly agreed that the 

select ion “depends”  on many contexts (F ig.  5 -43) inc luding si te 

characterist ics,  bu i ld ing type, funct ion, locat ion of  the project  and design 

concept.  This  dependent approach agrees with the basis  of  the 

recommended guide l ines in sect ion 3.2.4 .  Some of those part ic ipants 

however,  ment ioned that the inte grat ion has to be wel l  incorporated in the 

concept design “…irrespect ive of  i ts v is ib i l i ty” ,  stated a consultant  architect  

f rom the mediterranean cl imate of  Cal i fo rnia,  a temperate c l imat ic zone in  

the USA.  

 

Figure 5-43: The 20 most f requent words included in the comments on 
invisib i l i ty  or featured integrat ion of  TSC   

Part ic ipants who preferred inv is ib le  integrat ion gave the ir  reasons.  

Although a few of them ment ioned the dependence on the project ,  an 

academic architect  f rom Canada , humid cont inental c l imat ic  zones,  

wondered “ [why]  should solar components s tand out l ike a sore thumb…”. 

Another reason was presented that featured technolog ies “… reduce the 

market va lue of  … property ”,  stated a Greek engineer f rom the nat ional 

government ,  f rom a temperate c l imat ic zone . This in turn would not be in 

favour of  c l ients when they decide to resel l  the ir propert ies.  This was 

notably defended by an  engineer f rom the New Mexican dry co ld dessert  
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c l imate in the USA who preferred the invisib le integrat ion of  TSC:  “ the days 

of  showing of f  so lar panels are  passed, [ i t  is the]  t ime to just  accept  them” .   

On the other hand, part ic ipants in favour of  featur ing technologies also 

gave thei r reasons. A consult ing archi tect  f rom the mild  humid temperate  

Amsterdam in the Netherlands ment ioned that “wel l  designed [ technology 

has to be]  recognisable” .  Others would recommend using the integrated 

technology as “an envi ronmenta l statement”  or a “ teaching tool ” or  “provides 

a green message ” .  Many of the commenters considered that TSC is d i f f icu l t  

to be hidden and therefore hid ing i t  might  result  in an incompat ib le design.  

Therefore,  some ment ioned that  “ i f  you've got i t ,  f launt i t ” ,  Belg ium archi tect  

f rom the mi ld humid temperate Brusse ls  and “make a [statement]  of  what is 

being done”  academic archi tect  f rom Wales.  

 USE OF DU MMY PAN EL S  ii)

Dummy panels can be used to faci l i tate architectural unity where only a  

smal l  percentage of  the façade is requ ired to provide adequate heat,  or to 

match the funct ional unit  on the sun fac ing façade. I t  was found that 47.6% 

(n=446) part ic ipants were in st r ict  opposit ion to the use of  dummy panels in 

design versus a l imi ted number (8.2%, n= 77) who were in agreement 

recommending the use of  dummy panels .  The remain ing 44.2% (n=414) of  

respondents would sometimes recommend dummy panels  (Fig.  5 -44).   

 

Figure 5-44: The recommended use of  dummy panels to  achieve 
archi tectural un ity (Table C -43, Appendix C)  
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Stat ist ica l ly,  there was a sign if icant associat ion between the select ion 

and the profession [                                          ] .  

The arch itects were most ly in a s tr ict  opposi t ion to the use of  dummy panels 

(56.1%, n=332)  fo l lowed by other professions (39.5%, n=49) and then the 

engineers (29.4%, n=65).  Invest igat ing  the stat is t ica l  associat ion with 

cl imat ic zones and geographic locat ions was not reported as the inputs did  

not sat isfy  Pearson’s  Chi -square rules (4.4.2i) .  However,  the part ic ipants 

f rom t ropica l c l imat ic zones (61.9%, n=13) had the strongest d isagreement  

with  the use of  dummy panels fo l lowed by cont inental (53.8%, n=129),  

temperate  (45.6%, n=274) and in the end the part ic ipants f rom dry cl imat ic 

zones (37.9%, n=25).  In terms of geographic reg ions, the Canadian 

part ic ipants were in  the highest re ject ion o f  using dummy panels  (56.3%, 

n=49) fo l lowed by the Americans (54.3%, n=159),  the main land Europeans 

(44.7%, n=101) and then the Bri t ish respondents (43.6%, n=119) whereas 

the other countr ies part ic ipants had the lowest percentage of  re ject ion (31%, 

n=18).   

Qualitative Analysis:  Part ic ipants in support  of  us ing dummy panels 

considered us ing them as they “…can help  in  the overal l  appearance”  s tated 

an academic from Wales .  Others had a condit ional  acceptance of  using 

dummy panels on of f ice bui ld ings. A considerable number of  respondents 

who opposed the use of  dummy panels in the design were found open to the 

possib i l i ty of  using them dependent on the circumstances and design 

concept.  However,  others considered dummy panels “…could misin form the 

publ ic”  as stated by an academic eng ineer f rom a cont inental c l imat ic zone 

in Canada or “ . . .wasteful…”  according to an academic f rom a dry hot dessert 

c l imate in Arizona in the US and another architect  f rom a temperate zone in  

Belgium, and could “…increase cost”  as per an academic f rom the mi ld 

temperate Gui ldford in  England.  

Some part ic ipants who favoured the use of  dummy panels (63.2%, n=79) 

gave comments to support  thei r pos it ion.  Apart  f rom a few who related the 

decis ion to  design c ircumstances,  most of  the comments were more b iased 

towards avoid ing the use of  dummy panels:  



HASAN JAMIL ALFARRA CHAPTE R 5  | |  ARCHITE CT URAL  INTEG RAT IO N  

 

  Page |  213  

-  “Architectura l design should [a lways]  be honest”,  consult ing arch itect  

England, temperate c l imat ic zone , who had more than 15 years ’  

experience.  

-  “ [Bui ld ings]  should be didact ic and used as a learn ing too l.  We don' t  

put solar shading where not required, so why bother with dummy 

panels”,  consu lt ing architect  f rom Wales ,  temperate c l imat ic zone .  

-  “ 'Dummy' panels are not in harmony with the princ ip le of  susta inabi l i ty 

-  i .e.  opt imum use of  resources” ,  consu lt ing archi tect  f rom England , 

temperate cl imat ic  zone,  who had more than 15 years ’  experience  

-  “Dummy panels would  be a design fa i lu re”,  consult ing archi tect  f r om 

Canada, the temperate Bri t ish  Columbia c l imat ic zone,  who had more 

than 15 years ’  experience.  

-  “Th is would be poor design to assume this s tatement” ,  architect  f rom 

USA, the humid cont inental Fort  Wayne temperate c l imat ic zone  in 

Indiana. who had more than 15 years ’  exper ience  

This str ict  opposit ion to the use of  dummy panels cont radic ts the highest 

rat ing of  the Ann Arbor bui ld ing (sect ion 5.5 .1i)  which uses dummy panels.  

This concludes that theoret ica l ru les could  be traversed in favour of  wel l -

designed examples. This conf i rms, “Aesthet ics are sub ject ive”  as stated by a 

few part ic ipants.  I t  a lso supports the argument that des ign is  a ‘non -

systematic process’ as reported in sect ion 5.6.2iv,  and therefore the 

archi tectural des ign as a creat ive process compr omises certa in theoret ica l 

bel iefs  in order to produce a wel l -designed p iece of  work.   

 COL OU R SELECT ION  iii)

At least one manufacturer provides TSC panels in a range of 24 colours.  

This colour range was presented for the considerat ion of  the part ic ipants;  

66.1% (n=601) of  par t ic ipants were sat isf ied with  the ava i lab le range of 

colours.  However,  a  signif icant  associat ion was found between the response 

and the profess ion of  the respondents [                    

               ] ;  40.5% (n=234) of  the architect  respondents were not 
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sat isf ied wi th the avai lable standard colours (Fig.  5 -45).  The addit ional  

colours required inc luded: white;  yel low; warm co lours;  stone and earth;  and 

standard RAL colours (www.ralcolor.com) that is the European standard 

classic colours.  Other than th is,  there was no stat ist ica l  associat ion with any 

other demographics of  the respondents.  

 

Figure 5-45: The need for further colour range than the ava i lab le  standard 
colour chart  (Table C-44, Appendix C)  

Qualitative Analysis:  Comments from part ic ipants who required 

addit ional co lours favoured increasing t he opt ions as “a bigger variety wi l l  

provide a better aesthet ic resu lt ” .  The other respondents who were sat isf ied 

with the avai lable range of colours considered the current range as good to 

start  with,  as stated by the archi tect  f rom the nat ional governmen t in  the UK. 

Others,  especial ly  engineers,  were sat isf ied with  the current range of  

colours since ef f ic iency “…out -weighs issues of  colour” .  However,  th is 

stance was refuted by an academic f rom Aust ral ia ,  the mild humid temperate 

Canberra,  who considered “arch itectura l aspects outweigh thermal 

performance” .   

 AESTH ETIC S OF L IGHT  COL OUR S VER SUS TSC  PERF ORMA NCE  iv)

The colour range ava i lable does not  feature many pa le co lours because 

of  their low absorpt iv i ty as exp lained in sect ion 2.4.2.  Therefore,  i t  was 

worthwhi le to examine the coherence between the avai lable high ef f ic iency 
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The following standard colour chart is available for transpired solar collectors, 
would you see further colour range is needed? 

Architect
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Other

http://www.ralcolor.com/
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darker TSC co lours and aesthet ics.  Re sults show that 36.2% (n=334) of  

respondents did not  see any contradict ion between using the current 

standard colour chart  and the aesthet ics o f  design. However,  there was a 

simi lar number 35.9% (n=331) who found a possib le issue and 18.0% 

(n=166) who def in i te ly  found an issue between the current s tandard colour  

chart  and the aesthet ics of  design (Fig.  5 -46).  The se lect ions have neither  

stat is t ical  associat ion with profession  nor with cl imat ic zones .  

 

Figure 5-46: Contrad ict ion between the current ly ava i lab le standard TSC 
colour chart  and design aesthet ics (Table C -45, Appendix C)  

Qualitative Analysis:  The comments ref lected those in the colour  

select ion above; however,  more rest rain ts were found in responses in favour 

of  performance to outweigh l ight co lours.  Few of the comments indicated 

that the architect  should better adapt the concept design to mat ch the dark 

colours.  An academic engineer f rom Wales, for instance,  stated that 

“aesthet ic coherence and energy generat ion are two separate issues, which 

have to be reconci led for indiv idual bui ld ings ”.  Overal l ,  as derived from 

sect ion 5.6 .3i i i  and th is sect ion, further  colours remain required; especia l ly 

by architects and bu i ld ing designers.  Furthermore, the avai labi l i ty of  a wide 

range of colours was recommended by Probst and Roecker (2007)  for good 

aesthet ic preference as noted in sect ion 2.4.5i .  

 

0%

5%

10%

15%

20%

25%

30%

35%

40%

Yes No Maybe No Opinion

%
 o

f R
es

po
nd

en
ts

 w
ith

n 
P

ro
fe

ss
io

n 

The lighter colours have lower solar absorptivity than darker colours; which 
reaches 42% for the Oyster colour versus 96% for black colour for instance. 
Does this contradict the aesthetics coherence in your opinion? 
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 SUSTAINABL E CHARACT ERISTIC S  5.7

The susta inabi l i ty of  bui ld ings as wel l  as products is an integra l part  of  

the whole  bui ld ing design as exp la ined in  sect ion 3.2.2 .  Therefore th is top ic 

was exp lored covering the fo l lowing subjects:  

 

-  Sustainabi l i ty of  TSC -  percept ion 

-  Factors in f luencing sustainabi l i ty of  TSC  

-  Technical character ist ic features  

 

5.7.1  SUSTAINABIL ITY  OF TSC:  PERC EPT ION  

The percept ion o f  t ranspi red so lar thermal ’s cont r ibut ion to  the 

sustainab le bui l t  envi ronment as a  comparat ively low cost  renewable energy 

was explored. I t  was found that 78.6% (n=729) respondents v iewed TSC as a 

low cost  renewable energy technology which cont r ibutes tow ards the 

creat ion of  a sustainab le bui l t  env ironment  as shown in f igure 5-47.     

 

Figure 5-47: TSC, as a source of  comparat ively low cost  renewable energy, 
contr ibutes posit ively towards the creat ion of  a sustainab le bui l t  envi ronment 
(Table C-46, Appendix  C)  
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Transpired solar collectors technology, as a source of comparatively low cost 
renewable energy, contributes positively towards the creation of a sustainable 
built environment: 
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There was no sign if icant associat ion with  profess ion , c l imat ic zones,  

academic degree, work f i led or years of  experience. A stat ist ica l  associat ion 

with geographic  reg ions was not iced.  A higher percentage of  posit ive 

responses were for thcoming f rom the Middle East and Austral ia (87.7%, 

n=50) than from the UK (71.4%, n=192).  The respondents f rom Canada 

(83.9%, n=73) mainland Europe (82%,  n=182) and the USA (79.2%, n=232) 

were placed between these two groups as regards the i r pos it ive view of  TSC 

towards the creat ion of  a sustainable bui l t  environment.  However,  a higher 

proport ion of  the UK part ic ipants had no opinion (23.4%, n=63) in 

compar ison with other  reg ions (16.7% USA, 12.6% mainland Euorpe, 10.3% 

Canada, and 7.0% other countr ies).  

Qualitative Analysis:  Simi lar to many of  the previous quest ions,  

especia l ly sect ion 5.4.2,  a considerable number of  the comments were 

themed under ‘cost e f fect iveness’.  I t  seems that many part ic ipants bel ieve 

that susta inabi l i ty equals cost increase.  Admit ted ly,  the word ing of  the 

quest ion seems mult i faceted and lets part ic ipants focus on cost more than 

the contr ibut ion towards sustainab le bui l t  envi ronment.  A Canadian engineer 

agreed with the statement being tested on condit ion that “as long as more 

cost ef fect ive ef f ic iency measures are g iven higher pr ior i ty”.  An academic 

engineer f rom England agreed sub ject to  the  “e lement of  sustainabi l i ty  

[being considered],  economic susta inabi l i ty  may be a big issue” .  Further 

part ic ipants were keen to see successfu l demonstrat ion projects ( i .e.  

consult ing arch itect  f rom a temperate c l imat ic zone in the USA) and access 

independent sc ient i f ic reports on real projects ( i .e.  consult ing archi tect  f rom 

England) that show specif ic  measures of  th is  cont r ibut ion towards 

sustainab i l i ty.  Few responses  st ressed the potent ia l  benef i ts of  TSC towards 

energy sav ing in part icular ,  rather than sustainabi l i ty in general ,  which is a 

wider term. Select ive factors that cou ld inf luence the sustainabi l i ty of  TSC 

were however explored in sect ion 5.7.2.  

5.7.2  FACT ORS INFLU ENC IN G SUSTAINABIL ITY  OF TSC   

Sustainabi l i ty is a broad f ie ld ,  therefore six factors were ra ted to 

establ ish which was perceived to be most important by the part ic ipants.  This 

was estab l ished by calculat ing the mathematical mean of the respons es 
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(sect ion 4.4.2i i i ) .  Energy sav ing was rated as the most important,  with a 

mean va lue of  81.3% (n=935).  Th is was fo l lowed by indoor thermal comfort  

at  a mean va lue of  66.7% (n= 928) as shown in f igure 5 -48.  Notably,  there 

was no sta t is t ica l  associat ion  with profess ion.  

 

Figure 5-48: Mathematical mean va lue of  the overal l  rat ing of  sustainable  
characterist ics at  a ±100 scale (F ig.  C -1 and Table C-47, Appendix C)  

There was a strong direct  correla t ion not iced between indoor thermal  

comfort  and improving indoor ai r  qua l i ty for archi tects                   

and for the o ther professions                   (Tab le C-48,  Appendix 

C).  By apply ing eq.  (4 -2),       is equal to  0.41 which concludes no 

signif icant d i f ference in the strength of  the correlat ion coeff ic ients between 

indoor thermal  comfort  and improving indoor a ir  qual i ty for  architects,  and 

the other profess ions.  Pearson’s Chi -square test  cannot be conducted due to 

a lower distr ibut ion of  responses in certa in ra t ings (sect ion 4.4.2 i) .  

Qualitative Analysis:  Al though ranking was aimed f rom the quest ion,  

many part ic ipants expressed the v iew that a l l  factors were of  s imi lar  

importance.  

-  “Al l  these considerat ions are important to achiev ing a hol ist ic  and 

in tegrated susta inable  solut ion” ,  a consult ing architect  f rom England 

who had more than 15 years ’  experience.  
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Please indicate the importance of the following sustainable design 
characteristics if you were selecting a transpired solar collector for a building. 
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-  “Al l  factors have to  be considered with in an overal l  bui ld ing 

performance” ,  another consu lt ing architect  f rom England.  

-  “Al l  these e lements are almost equal ly important,  s ince they are the 

foundat ion of  a sustainable bui ld ing” ,  an architect  f rom Greece ,  

temperate cl imat ic  zone . 

-  “Al l  these elements are equal ly important i f  a bui ld ing is to t ru ly  be 

designated ‘sustainable’” ,  cont ractor f rom USA, a dry cold semi-arid  

cl imat ic zone in Utah, who had more than 15 years ’  experience.  

Further comments re lated to the ranking prior i ty of  the factors to project  

context that vary f rom case to case. However ,  the ranking might a lso di f fer 

acording to the background ( i .e.  bu siness type, leve l of  responsibi l i ty,  

characterest ics of  the experience) of  the respondent which is outside the 

scope of th is s tudy.  The fo l lowing summary highl ights the qual i tat ive 

analys is of  the heighest four factors:  

Energy Saving  

Part ic ipants had a lso commented on energy saving at  other  stages of  the 

quest ionnaire.  These conf i rm both the importance of  energy sav ing as wel l 

as the val id i ty of  quest ion design. A Canadian arch itect ,  f rom the humid 

cont inental Hal i fax,  who was searching the market for an appropriate PV 

technology to integrate into a façade,  ment ioned that the search “… so far 

has resulted in disappoint ing power output generated by such an 

appl icat ion” .  Whereas, a consult ing Londoner architect ,  f rom the mild  

temperate Cl imate in  the UK, with more than 15 years of  professiona l 

experience, as wel l  as personal exper ience of  instal l ing PV panels on the 

roof of  h is/her own house in  about 2011 has not ic ed “…susta ined reduct ion 

in  [ the]  elect r ical usage of c irca 25%” ,  however th is part ic ipant  

supplemented that [ there] is  of  course an in i t ia l  f inancial  penalty of  the 

instal lat ion cost,  which many cannot af ford” .  A consult ing arch itect  f rom the 

USA, the humid cont inental New York c l imat ic zone,  considered the ef fect ive 

engineering design for  TSC should “… ach ieve real energy savings…”.  
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Further part ic ipants tackled inclusion of  the embodied energy of  the 

technologies as part  o f  energy saving as wel l  as cost s aving. Respondents’  

percept ion was h ighly  inf luenced by the high embodied energy for PV; in  

which they genera l ised for so lar  energy technologies:  

-  “ I…have reservat ions regard ing embodied energy. e.g.  PV sourced 

from China, t ransportat ion, raw materia l  produ ct ion and 

manufacture. .” ,  an architect  f rom the local government in Wales ,  mi ld 

temperate cl imat ic  zone . 

-  “Solar is the last  th ing I  would add due to  costs and the embodied 

energy in the panels” ,  a Cal i fornian consult ing architect  f rom the 

USA, a medi terranean temperate c l imat ic zone, who had more than 

15 years ’  experience.  

-  “…embodied energy and manufactur ing process of  many PV cel ls  

brings into quest ion the real worth of  these technologies”,  a Londoner 

consult ing engineer f rom England , mild temperate c l imate.  

-  The select ion of  TSC  “…depends on the embodied energy”,  two 

part ic ipants f rom Wales , mi ld temperate cl imate,  and one f rom 

Austra l ia ,  warm humid temperate cl imate of  Brisbane . 

Thermal Comfort  

Thermal comfort  was ranked second and accompanied by the  fo l lowing 

comments:   

-  “ Indoor ai r  qual i ty and thermal comfort  are non -negot iable design 

parameters…”,  a consult ing architect  f rom Canada , the mediterranean 

temperate cl imate of  Vancouver in Br i t ish Columbia .  

-  “Thermal comfort  can be subject to personal  adap tat ion with c lothing 

and culture of  the use environment”,  consu lt ing engineer f rom New 

Jersey in the USA, humid cont inenta l c l imat ic zone,  who had more 

than 15 years ’  experience .  
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Cost Effect iveness  

Part ic ipants had also commented on cost issues at  other s tages of  the 

quest ionnaire.  A lthough i t  is ranked as the th ird most  important  factor in  

terms of susta inabi l i ty ,  overal l  cost was the most f requent ly addressed issue 

as represented in  the word cloud (F ig.  5 -49).  

 

Figure 5-49: The 30 most f requent words included in the ent ire qual i tat ive  
data of  the survey  

Many part ic ipants exhibi ted concern over the capita l  cost of  solar  

energy; furthermore, the majori ty of  the annotat ions were found evolv ing 

around cost ef fect iveness that  include rate of  return  (ROI) and l i fe cyc le 

analys is (LCA).  A Canadian engineer wi th more than 15 years of  experience 

at  Ontar io nat ional government ,  the humid cont inenta l c l imate in Ottawa,  

agreed the contr ibut ion of  solar energy to the sustainable bui l t  envi ronment  

but added that “… take-up is low because of  in i t ia l  cost ,  lack of  contrac tors 

who promote technology and perceived compl icat ion in  maintenance and 

operat ion”.  Another consult ing architect  f rom the USA  with 15 years of  

experience, c l imat ic zone not ident i f ied,  ment ioned that “cost benef i t  

analys is remains unfavorable  to my c l ien ts :  greater benef i t  s t i l l  seems too 

subject ive to  most c l ients” .  “Cost ef fect iveness should also include the cost  

of main tenance”  stated a consul t ing arch itect  f rom the USA , a dry cold semi -

arid cl imat ic zone in Utah . In i t ia l  cost and ROI were considered b y severa l 

part ic ipants as key chal lenges to the deployment and knowledge dif fus ion of  

TSC.  
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A number o f  part ic ipants agreed that solar energy cont r ibutes to the 

sustainab le bui l t  env i ronment “as long as i t  can be compet i t ive  and the 

instal lat ion cost is  af f ordable…”  as a TSC expert  consul t ing engineer f rom 

Quebec in Canada, the humid cont inenta l  c l imate of  Montereal,  has stated. 

Another prob lem evident f rom the respondents in certa in countr ies such as 

the USA and Canada is the comparat ive lower cost of  convent ional energy 

sources. Another Canadian architect ,  f rom the cont inenta l c l imat ic zone of  

Quebec with more than 15 years of  experience , a t  nat ional government  

stated that  “energy costs in Canada are comparat ive ly low which makes 

payback for investment  in  solar energy problematic” .  This issue was typical ly  

addressed by TSC entrepreneurs as discussed in chapter 6.   

On the other hand there were comments support ive  to so lar  thermal as 

cost compet i t ive al ready, as ment ioned by a consult ing architect  f rom 

Scot land, mild temperate cl imate, “ [so lar  thermal]  technologies for water 

heat ing have a reasonable payback per iod and can be successfu l ly 

in tegrated in most  housing”.  An Amer ican arch itect  f rom the cont inental 

c l imate of  New York stated that “ in tegrat ion of  any technology into Bui ld ing - 

as opposed to ""bolt -on"" -  is a lways the least cost ly/h ighest performing way 

to go” .  This comment  however has a basis  of  support  in the l i te rature as 

i l lust rated in sect ion 3.2.3 and discussed further in chapter 7.  

Carbon d ioxide reduct ion  

CO2  reduct ion ranked fourth,  and was part ia l ly addressed in  previous 

research such as (Shah et a l .  2009).  The importance of  CO 2  reduct ion was  

expressed in sect ion 1.3 as a driver to encourage the deployment of  

renewable technologies in general and TSC for space heat ing in part icular.  

Further invest igat ions on CO 2  reduct ion remains recommended; however,  

that is beyond the scope of the study.  

5.7.3  CHARACT ER IST IC TECHN ICAL FEAT URES  

Six characteris t ic features of  TSC technology were assessed in terms of  

importance when sourcing the technology. I t  was found that 46% (n=423) of  

respondents considered rel iabi l i ty to be the most important factor .  Rel iabi l i ty 
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was def ined as constant performance and ef f ic iency which could exceed 75% 

(Fig.  5-50) and 27.1% (n=240) of  respondents considered low capita l  cost to 

be the most important factor.  This re lates to the select ion of  cost 

ef fect iveness in sect ion 5.7.2.  The other characterist ics were found to be of  

low importance in comparison wi th those ment ioned above. However,  these 

could be essent ia l  support ive  features to be considered in research and 

development .  There was no signif icant associat ion between th e respondents’  

profess ions,  exper ience, c l imat ic  zone, geographic region , academic degree, 

or awareness o f  TSC.  

 

Figure 5-50: The importance of  consider ing some character is t ic features 
when sourcing TSC technology (Table C -49, Appendix C)  

Qualitative Analysis:  The comments were varied accord ing to the 

viewpoint  of  the part ic ipant.  Therefore,  the comments were themed with in 

the characterist ic features shown in the f igure above. Almost one -third of  the 

comments were made by respondents who had prior i t ised ‘ re l iab i l i ty ’ .  

Part ic ipants t r ied to l ink l i fe span and maintenance to re l iab i l i ty :  “ l i fe span 

and rel iab i l i ty are related”  stated an architect  f rom the t ropica l c l imate of  

Flor ida in the USA. In an expression of  the signif icance of  re l iabi l i ty,  a  

consult ing archi tect  f rom a dry cl imat ic  zone  who had more than 15 years ’  

experience, stated that “re l iab i l i ty t rumps cost,  as i f  i t  is re l iable i t  wi l l  pay 

back as promised”.  Several comments were found, however,  expressing the 

importance of  a l l  the features tog ether without a compromise to drop any of  

them.  
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If the decision has been made to install transpired solar collectors and you are 
trying to source one, what would be the most important factor? 

Architect Engineer Other
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“Everyth ing is dr iven by budget” ,  stated a consul t ing arch itect  f rom 

Scot land, in exp lanat ion of  h is reason for the select ion of  ‘ low cap ita l  cost ’ .  

Part ic ipants who favoured low cap ita l  cost  were mainly  foc using on the 

argument of  payback period. Some of them f ixed a target of  5 years for  

payback period whereas others were not  convinced of  the 12 years maximum 

period of  payback. “ I  doubt we would get  a payback in less than 12 years” ,  

stated a consult ing arch itect  f rom Canada, the humid cont inental  Manitoba 

cl imate,  who had more than 15 years’  experience.  Th is aga in refers to  the 

creat ion and disseminat ion of  informat ion which has been addressed in 

chapter 6.  

Similar ly,  l i fe span selectors argued the opt imum t ime of l i fe span.  “Any 

element that only lasts  25 years is not susta inable,  [ i t  is]  green wash ” stated 

an academic arch itect  f rom the mi ld humid  temperate  c l imate of  London in  

England who had more than 15  years’  experience.  L i fe span might “…be 

primary for …  inst i tu t ional [and]  indust r ia l  c l ients ”  stated a consult ing 

archi tect  f rom a non- ident i f ied cl imat ic  zone in the USA.  A consul t ing project  

manager part ic ipant f rom England also stated that “ l i fecyc le cost ing is  

fundamental in terms of  return  on capi ta l ” .  

 HEAT  D IFFUSION  5.8

The key part  of  a TSC is the supply of  heated air into the indoor spaces.  

Methods of  doing th is in domest ic and non -domest ic bui ld ings were 

considered by those part ic ipants who had expr essed an awareness of  TSC.  

Domestic Buildings:  

The respondents considering domest ic dwel l ings showed support  for both  

HVAC and d irect  f low dist r ibut ion of  the heated air,  however,  HVAC was 

sl ight ly  preferred (47%, n=218) with no s ignif icant associat ion between 

profess ions, exper ience or academic degree (F ig.  5 -51).  

Invist igat ing the sign i f icance associat ion between the responses and 

cl imat ic zones was not poss ible due to a  lack of  select ions by trop ica l 

part ic ipants for other  technique s. After excluding the ‘other techniques’ 

select ion, there was no stat ist ical  associat ion of  the responses with  the 
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c l imat ic zones of  the respondents.  However,  the t ropical respondents 

recorded the highest preference towards HVAC (62.5%, n=5) fo l lowed by dry 

zones (56.2%, n=18) and cont inental zones (53. 4%, n=70).  The temperate  

cl imate respondents were the least in preference of  us ing HVAC for domest ic  

dwel l ings (42.7%, n=125) nonetheless,  they recorded the h ighest  preference 

for d irect  mechanica l  vent i lat ion (43.7%, n=128) and furthermore they  

ranked the h ighest to search for a l ternat ive technique s (13.7%, n=40).  

 

Figure 5-51: Preferences of  supply ing the heated air  to inter ior  spaces for 
domest ic dwel l ings per cl imat ic zone  

There was a sign if icant associat ion between the select ion and the 

respondent ’s geographic locat ion, however,  th is associat ion was not iced 

after excluding the reg ional category of  ‘other countr ies ’  due to i ts v io lat ion 

of the Chi -square pr incip le  for  th is reduced data set:  [            

                             ] .  The Canadian respondents showed the 

the highest preference of  HVAC (63.3%, n=3 8) fo l lowed by the Amer icans 

(55.8%, n=67) whi le the Bri t ish respondents were the least enthusiast ic to 

HVAC (36.0%, n=50).  In contrast ,  the di rect  f low system was most favoured 

by the Br i t ish respondents (49.6%, n=69) for domest ic dwel l ings and the 

least l ikely to be se lected by the Canadians (33.3%, n=20) (F ig.  5 -52).  
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Figure 5-52: The regional preferences of  supplying the heated ai r to inter ior  
spaces for dwel l ings (Table C-51, Appendix C)  

Non-domestic Buildings:  

Unl ike the domest ic dwel l ings, the respondents of  non -domest ic of f ice 

bui ld ings were most ly  incl ined to use HVAC (70.8%, n=327)  as shown in 

f igure 5-53.  

 

Figure 5-53: Preferences of  supply ing the heated air  to inter ior  spaces for 
non-domest ic o f f ice bu i ld ings per profession (Table C-52, Appendix  C)  

There was a sign if icant associat ion with profession,  part icu lar l y ‘others’  

who were comparat ive ly less enthusiast ic towards the use of  HVAC and more 

post ive towards the direct  f low: [                          
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who selected the use of  HVAC for non-domest ic of f ice bui ld ings increased 

remarkably f rom domest ic  dwel l ings by 56.7% and 63.5% respect ive ly.  

Although i t  seems apparent that the ‘other’  respondents mainta ined 

re lat ive ly s imi lar percentages for each opt ion of  heated air supply for both  

domest ic and non-domest ic bui ld ings, a lmost  half  of  those respondents had 

dif ferent  select ions for  each case.  

At the geographic regional scale,  a simi lar i ty of  s ignif icance to the 

domest ic dwel l ings was found for  non -domest ic of f ice  bui ld ings where 

Canadians (83.1%, n=49) and Amer icans (72.6%, n=85) supported the use of  

HVAC more than the main land Europeans (68.1%, n=77) and the Bri t ish  

(65.2%, n=92).  Both the main land European and the Br i t ish respondents 

were more support ive  of  the use of  the di rect  f low syste m to supply the 

heated air  than the Americans and the Canadians: [            

                             ]  (Tab le C-53 in Appendix C).  

For c l imat ic zones s ignif icance, the input  data did not sat isfy the 

Pearson’s Chi -square ru les even  af ter reducing the opt ions to HVAC and 

direct  f low.  Unl ike the domest ic  bui ld ings, the  respondents f rom cont inental  

c l imat ic zones showed the highest  commitment towards the use of  HVAC in 

non-domest ic bui ld ings (78.1%, n=100)  fo l lowed closely by dry cl imate 

(77.4%, n=24).  The temperate c l imate part ic ipants became the th i rd (67.5%, 

n=197) whereas the tropica l zones’ part ic ipants recorded 62.5%, n=5  

mainta in ing the exact  same percentage for  dwel l ings .  A lthough al l  other  

zones were increased from domest ic,  the highest jump not iced between 

domest ic and non-domest ic was at  the temperate  zone where the percentage 

increased by 24.8%.  

 

The topic of  a i r  supply was further invest igated to consider integrat ion 

for ex ist ing bui ld ings where HVAC sytems had not prev iously been insta l led.  

For the ex ist ing dwel l ing case , the major i ty of  respondents (65.3%, 

n=309) would accept the use of  d irect  f low (Fig.  5-54).  However,  23.9% 

(n=113) of  respondents would pursue the instal lat ion o f  a HVAC system. A 

further 10.8% (n=51) of  the respondents were div ided into four groups: the 
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f i rst  group would consider a l ternat ive opt ions such as a heat exchanger and 

duct less sp l i t  system (29.5%); a  second group would avo id using TSC 

(13.7%); a th i rd group l inked the integrat ion to the project  c ircumstances 

(39.2%), whi le the rest  (17.6%) expressed no opinion.  There was no 

signif icant associa t ion of  the selct ions with profession, c l imat ic  zone or 

geographic reg ion; that was examined after exclud ing the inputs opt ions that  

v io lates the Pearson’s Chi -square ru les.  

 

Figure 5-54: Preferences of  supply ing the heated air  to inter ior  spaces for 
domest ic dwel l ings when HVAC is not or ig ina l ly  avai lable.  

 

When considering ex is t ing non-domest ic bui ld ings, 47.4% (n=221) of  the 

respondents favoured direct  f low dis tr ibut ion, whi le  42.3% (n=197) favoured 

HVAC (Fig.  5 -55 ) .  A lthough the ‘other professions seemed more dedicated to  

direct  f low than architects and engineers,  there is no stat ist ical ly s ignif icant  

associa t ion to profession, nor to the geographic region. Similar to the 

exist ing domest ic dwel l ings, there wer e 10.3%, n=48 respondents who 

preferred to avoid us ing ei ther d irect  f low or insta l l ing new HVAC. This 

category had a lmost the same d i st r ibut ion o f  responses as for the exis t ing 

domest ic dwel l ing.  S imi lar  to the exist ing domest ic uni ts,  there was no 

signif icant associa t ion of  the selct ions with profession, c l imat ic  zone or 
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geographic  reg ion as was examined after exclud ing the inputs opt i ons that 

v io lates the Pearson’s Chi -square ru les.  

 

Figure 5-55: Preferences of  supply ing the heated air  to inter ior  spaces for 
non-domest ic o f f ice bu i ld ings when HVAC is not or ig inal ly avai lable .  

Qualitative Analysis:  The comments in  th is  sect ion were only made by 

part ic ipants who expressed thei r awareness of  TSC. Nevertheless, few 

part ic ipants ment ioned their need of  further knowledge about TSC in o rder to 

correct ly part ic ipate with th is topic.  Some part ic ipants,  however,  s tated that 

the select ion for new and exist ing domest ic and non -domest ic bui ld ings 

depends on the “…overal l  design ph i losophy. No part icu lar system is best ”  

as stated by a  consult ing architect  f rom Wales. Further dependence was 

l inked to the qual i ty  of  the ambient a ir ,  the avai lab le space and other 

specif ic contexts .  

Bri t ish  respondents most ly  favour d irect  f low as aforement ioned.  This 

seems due to unfamil iar i ty wi th the HV AC system in the UK, especial ly that  

many people consider “HVAC [ is]  only  appropriate i f  cool ing is a 

requirement”  wh ich is  not general ly the case in the UK, as expressed by 

part ic ipants such as an academic f rom England and arch itects f rom 

Scot land. Neverthe less, the new generat ions seem to encourage heat supply 

through HVAC especia l ly as “[a]  number of  very poor instal lat ions have used 

direct  f low…” therefore,  “… TSC should a lways be supported by the HVAC 

system as a ru le” ,  stated a TSC expert  eng ineer  f rom the UK.  
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 DEVEL OPMENT  OF  TSC 5.9

In spite of  i ts three decades since patent ing, TSC technology remains  

with l imi ted worldwide instal lat ion. Further technolog ica l change and 

innovat ion development is  requ ired;  therefore,  percept ions regarding current 

acceptance and future deve lopment suggest ions and guidl ines were 

explored.  

5.9.1  THE CU RRENT COMMERC IAL TSC 

A group of  quest ions were in troduced to draw a more detai led 

assessment of  current commercia l  TSC products.  These included:  

-  Market awareness  

-  Satisfact ion level  

-  Drawbacks 

 MARK ET AWARENESS  i)

I t  was found that  64.8% (n=324) of  respondents were aware of  

commercia l ly  avai lable brands of  TSC, of  which SolarWall® was the most  

wel l -known and 31.6% (n=158) of  the respondents did not recognise any 

commercia l  product (F ig.  5 -56).  Notab ly,  the most unfamil ia r i ty with 

commercia l  products was found in Europe (40.2%, n=51) versus the least 

unfami l ia r i ty in Canada (19.1%, n=13) (Tables C54 and C -55, Appendix C).   

 

Figure 5-56: Market awareness of  the current TSC technology makes  
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Although there was no associa t ion wi th pro fession, the geographic region 

had a s ignif icant associat ion with the se lect ion of  SolarWal l®, Inspire  TM 

Wal l ,  Colorcoat Renew®, and ‘not appl icable’  choice among se lect ions. For 

SolarWal l®: [                                  ] ,  the Canadian 

respondents were the most  aware (79.4%, n=54) versus the least awareness 

in the mainland Europeans (56.7%, n=72) (Table C-56,  Appendix C).  For 

Colorcoat Renew®: [                                   ] ,  27 

respondents of  ‘other  countr ies’  were excluded due to v io lat ion o f  Pearson’s 

Chi-square ru le.  The most awareness was found in the UK (24.7%, n=37) 

versus no awareness i n Canada (n i l )  (Table C-57, Appendix C) .  

There was a sign if icant associa t ion between the select ion of  Colorcoat  

Renew® and the part ic ipants f rom temperate cl imat ic zones  fo l lowing to 

exclud ing the part ic ipants f rom t ropical  and dry zoned to sat is fy the Chi -

square test  ru les .  This associat ion refers to the geographic ent i ty ,  as 

explained above, of  the UK with in the temperate c l imat ic zones whereas the 

UK part ic ipants form around 46% of the tota l  temperate cl imate respondents.     

Some of those who were unawa re of  commercial  products ment ioned that  

they were aware of  the theory,  and some other respondents indicated that 

they did not use any products in pro jects.  This quest ion was designed to 

conf i rm the awareness leve l prev iously indicated in the survey (sect i on 

5.4.1).  I f  the percentage of  part ic ipants who selected ‘not appl icable ’  is  

str ict ly interpreted, the previous level of  awareness would be reduced by 

30%. However,  th is could better be interpreted as a low level of  TSC 

awareness or  a di f ferent iat ion betw een 'awareness’ and ‘ fami l iar i ty ’  as 

discussed in sect ion 7.5.4i i .  

 LEVEL  OF SAT ISFA CTION   ii)

In order to understand the need for research and development o f  TSC,  

the sat isfact ion level with current technology was explored. I t  was found that 

64.5% (n=209) o f  the respondents considered the current  technology at  a 

neutral  level,  wh i le 24.4% (n=79) were sat isf ied with the technology and 

11.1% (n=36) were unsat isf ied with  the current leve l of  the TSC technology 

and commerc ia l  products (F ig.  5 -57).   
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Figure 5-57: Sat isfact ion level  of  the qual i ty  of  the current  TSC technology 
per profess ion  

Although the engineers looked to be more sat isf ied than architects and 

others,  there was no stat ist ica l ly  s ignif icant associat ion wi th profess ion. Also 

there was no s ignif icant associat ion with  cl imat ic  zones.  In terms of 

stat is t ical  associat ion between th e sat isfact ion leve l and the geographic 

region, there was some associat ion [                          

               ] .  The Canadians were the most sat isf ied respondents 

(37%, n=17) whereas the Bri t ish were the least sat isf ied (16.1%, n=15) as 

shown in f igure 5-58.  

 

Figure 5-58: Sat isfact ion level  of  the qual i ty  of  the current  TSC technology 
per geographic region (Table C -58, Appendix  C)  
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Qualitative Analysis:  The major i ty  of  the comments were themed in  

re lat ion to awareness and knowledge disseminat ion. Many part ic ipants fe l t  

that there were problemat ic areas with current TSC qual i ty and 

recommended that  further  research remains required. S ome of the 

respondents,  who showed sat isfact ion of  the statement be ing tested, added:  

-  “Genera l ly the products have not addressed maintenance or c leaning 

issues” ,  consultant f rom England , temperate cl imate,  who had 15 

years ’  experience.   

-  “…di f f icul t  to cont ro l  and expensive. Passive systems designed into 

the bui ld ing fabr ic are  far  better  cho ices” ,  consult ing architect  f rom 

the humid cont inenta l  c l imate of  New York in the USA who had 15 

years ’  experience.  

Few part ic ipants who selected the ‘neutra l ’  level of  sat isfact ion shared 

the same concern towards lack of  knowledge dif fusion in addi t ion to their 

establ ished caut ion towards cost issues:  

-  “ Informat ion about fu l l  range of  products and systems is not  wide ly 

dist r ibuted in professional journa ls” ,  academic archi tect  f rom Canada, 

cont inental  c l imate,  who had 15 years ’  experience.  

Unsat isf ied part ic ipants shared s imi lar comments especia l ly about the 

capita l  cost.   

 POSSIBLE DR AWB ACK S  iii)

The part ic ipants were asked whether,  f rom their work exper ience,  they 

were aware of  any drawbacks wi th TSC at the design phase. Results show 

that 59.6% (n=169) of  the part ic ipants indicated they were sometimes made 

aware of  TSC drawbacks at  the design phase, whi le 10.8% (n=32) were 

def in i te ly aware of  possib le drawbacks (F ig.  5 -59).  However 32.3%, n=96 of  

the respondents were not informed of any drawbacks which could be 

interpreted as low enthusiasm towards prior i t is ing TSC se lect ion as 

i l lust rated in  sect ion 5.5.1.  There was no s ignif icant  stat ist ical  associat ion  

between the answers and any of  part ic ipants’  profess ion, c l imat ic  zone or  

geographic region.  
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Figure 5-59: The c lear communicat ion o f  poss ible  drawbacks of  TSC 
technology by manufacturer a t  design phase  

Qualitative Analysis:  The lack of  knowledge dif fus ion was apparent ly 

expressed in the above sect ion (5.9.1i i ) .  This shortcoming “… causes a big 

problem when [ the architect  is]  t ry ing to educate the cl ient because trust  is  

lost ”  as stated by a Canadian renewable energy consultant ,  f rom cont inental  

c l imate,  who ment ioned that he/she was not made aware o f  any possible  

drawbacks at  the design phase.  As a  result ,  TSC remains “…not fu l ly 

understood at  th is stage with in [count r ies such as]  UK”  as stated by a 

consult ing engineer f rom England.  

Mistrust  in the manufacturers or t rades were not iced f rom the comment 

due to technology push from the market.  An academic archi tect  f rom the 

humid cont inental c l imate of  Quebec in Canada ment ioned that 

manufacturers wi l l  never “…focus on any drawbacks” .  “Sales people wi l l  say 

almost anything to close a sale” ,  stated a consult ing arch itect  f rom the USA , 

the warm humid temperate Alabama c l imate,  who had more than 15 years ’  

experience. An arch itect  f rom the nat ional  government  in  England who had 

more than 15 years ’  experience agreed the same: “ the manufacturer a lways 

t r ies to conceal any drawbacks”.  Th is was why independent technical reports 

were needed as reported in sect ion 5.7.1 and elaborated furthermore in 

sect ions 6.4.3 and 6.4.4.  
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5.9.2  FURTH ER DEVELOPMENT  FAC IL ITAT OR  

Similar to any deve loping technology, TSC must rece ive further research 

and development for  better deployment .  In the l ight  of  commerc ial  

awareness, sat isfact ion, and drawbacks, there needs to be a faci l i tator(s)  

who could lead the future integrat ion and development of  TSC technology in 

bui ld ing envelopes. This po int  has been exp lored and three possib le opt ions 

were l isted for  c la ss if icat ion as shown in f igure 5 -60. However,  an opt ion of  

‘no further act ions required’  was added to  avoid any quest ion bias.  The 

respondents showed re lat ive con junct ion for  the three opt ions: 68.6% 

(n=345) for integrated design team (IDP),  59.4% (n=299 ) for research and 

design teams (R&D),  and 58.4% (n=294) for  archi tects.   

 
Figure 5-60: The faci l i tator for further innovat ive deve lopment of  TSC 
integrat ion (Table C -59, Appendix C)  

A stat ist ical  s ignif icant associat ion was not iced between se lect ing 

archi tect  and the profession:  [                                  ]  

where the architects  (64.45, n=201) were more biased to nominat ing 

themselves to  lead the innovat ive mission than engineers (50.4%, n=64) and 

others (45.3%, n=29) (Table C -60,  Appendix C).  Another s ignif icant  

associa t ion was not iced between select ing archi tect  and the geographic 

region: [                                        ]  where the 

part ic ipants f rom other countr ies  (69.7%, n=23),  main land Europe (66.1%, 

n=84) and Canada (62.1%, n=41) emphasised more in f luence on the 

archi tect  than the USA part ic ipants (56.8%, n=71).  These regions al l  
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together swayed the archi tect  to pursue  further deve lopment to TSC more 

than the Bri t ish respondents (49.3%, n=75) who came in the end. Other than 

that,  there was no sign if icant associat ion with  part ic ipants’  demographics.  

Qualitative Analysis:  Many of  the respondents expressed opin ions that 

the improvement and development  needs to  invo lve a l l  possib le actors:  “a l l  

part ies invo lved - there is a lways room for improvement” ,  stated an 

academic engineer f rom cont inenta l c l imat ic zone in  Canada. Part ic ipants 

added to the given l ist  actors such as façade consultants and cl ients.  

Part ic ipants also stressed co l laborat ion (Swiss engineer ,  cont inental 

c l imate) and communicat ion (Canadian archi tect ,  cont inental  c l imate ) 

between part ies where people can exch ange knowledge and experience 

(Greek arch itect ,  temperate c l imate ).  A consult ing architect  f rom the USA ,  

cont inental c l imat ic zone,  a lso expressed the signif icance of  “…feedback 

from the users”  for  bet ter improvement.   

5.9.3  TECH NICAL  PR ESENTAT ION S AN D DEMONSTR ATION  

A suggest ion was presented to the part ic ipants,  in order to assess the 

need for knowledge creat ion and dif fusion as an example. Technical 

presentat ions and demonstrat ions as part  of  cont inued professiona l 

development  (CPDs) and seminars was agreed he lpful  by 64.8% (n=616) of  

the respondents.  Furthermore, 23.7% (n=225) of  the respondents found a 

potent ia l  success through technica l presentat ion and demonstra t ion (F ig.  5 -

61).  These act iv i t ies were elaborated in deta i l  in sect ions 6.4.2 and 6.4.3.  

 
Figure 5-61: Technical presentat ions and demonstrat ions are helpful  for  
decis ions of  integrat ing TSC into a bui ld ing (Table C -61, Appendix C)   
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Qualitative Analysis:  Fo l lowing agreement that presentat ions and 

demonstrat ions about TSC would be helpfu l ,  a part ic ipant ,  f rom a cont inental 

c l imat ic zone, stated that "hands-on experiences"  a lways he lp.  Others 

stressed the need for  f ree access to educat ion which con st i tuted a key to the 

development.  “Understanding the potent ia l  use and appl icat ion of  products is  

essent ia l  to appropr ia te specif icat ion” ,  stated a consult ing archi tect  f rom 

England. Part ic ipants,  however,  fe l t  that any disseminated informat ion had 

to be independent,  auditable,  real  pro ject  in format ion to avoid any potent ia l  

b ias,  re inforc ing the mistrust  reported in sect ion 5.9.1 i i i .  A  s imi lar t rend of  

independent knowledge was stressed by part ic ipants who disagreed with the 

statement being tested. The ne ed for presentat ions and demonstrat ions “… 

would depend upon who was giving them… Manufacturer. . .wi l l  be biased” ,  

stated an academic architect  f rom Wales who had a PhD degree and more 

than 15 years’  experience. Overa l l ,  “any tech [n ical ]  presentat ion needs to be 

addressed to a specif ic n iche/so lut ion” ,  sta ted a Canadian renewable energy 

consultant  f rom a cont inental c l imat ic zone .  

The quant i tat ive and qual i tat ive results,  in sect ions 5.9.2 and 5.9.3,  both 

emphasise the spi r i t  of  teamwork  that is increasingly growing with in IDP 

process. The addit iona l actors st rengthen the invo lvement of  IDP teams that 

was c i ted f rom Cole (2008) as i l lust rated in sect ion 3.2.2.  The need for 

network ing and knowledge exchange to manage technological change 

encourages invest igat ion of  the technolog ical innovat ion system (TIS) in 

order to manage the needed improvement in a systemat ic process. This in 

turn has been reported in the l i te rature  (sect ion 3.3) and wi l l  be invest igated 

in detai l  in chapter 6 .  

 EXPERIMENTAL PROT OT YPE OF  TRA NSPIR ED  SOLAR COLL ECT OR S  5.10

As expla ined in the methodology (sect ion 4.5) ,  an experimental prototype 

TSC r ig was bui l t  on the roof  of  Bute Bui ld ing (A ppendix D) through the 

sustainab le bu i ld ing envelope design ( SBED) pro ject .  In the l ight  of  the 

above quest ionnaire analys is,  the prototype project  in th is s tudy was 

considered to have mult i faceted benef i ts;  these inc lude:  
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-  Acquir ing ‘hands -on experience’ o f  the design, construct ion and 

integrat ion parameters of  TSC technology being invest igated and 

analysed theoret ical ly through the quest ionnaire.  

-  Conduct ing an independent invest igat ion on the potent ia l  

ef fect iveness and ef f ic iency of  TSC technology in Wale s, UK.  

5.10.1  TSC  R IG  DESIGN  

Four TSC prototypes were designed to have the same surface area. 

Three rectangular  uni ts with a  dimension 1,800mm x 600 mm x 200mm 

(plenum depth);  one of  them was insta l led vert ical ly,  the second one 

horizonta l ly and the th ird was inc l ined at  45º incl inat ion. The d imensions 

were based on the work of  Badache et a l .  (2012) .  The fourth un it  is a square 

of  1,039mm x 1,039mm x 200mm design dimensions. A l l  the pan els are  

south facing,  s ide -by-s ide, and have qui te large gaps between them to avoid 

shading which was simulated through Ecotect  software (F ig.5 -62).   

 

Figure 5-62: Example of  shading study of  TSC prototypes on 23 r d  December  

A wooden structure was const ructed to support  the TSC. The backside of  

the TSC was fabr icated from a 200mm thick composite insula t ion panel.  The 

sides,  top and bottom were covered by 50mm polystyrene to  reduce heat  

loss f rom the plenum.  

Hor izonta l  Un i t  Inc l i ned  Un i t  º45  Square  Un i t  Ver t i ca l  Un i t  
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The vert ical unit  was completed and generat ing data with in the t ime 

scale of  th is s tudy. The others are being completed for fu rther invest igat ion 

(beyond the scope of th is study) by the SBED team. The design and 

construct ion processes of  the four panels added va luable  pract ica l 

experience which is in short  supply,  as indicated in sect ions 5.5  and 5.6.  

Due to certa in leg is lat ive i ssues inc luding permiss ions and funding, the 

prototype had to be stand -alone.  The perforat ion d iameter is 1mm and 

porosity is 0.0143. The commerc ial ly avai lable col lector mater ia l  exhibi ts a 

rectangular p i tch arrangement (20mm x 22.5mm) a lthough a tr iangul ar 

arrangement was orig inal ly recommended in  the study by Van Decker et  a l .  

(2001) (sect ion 2.5.2).  The col lector mate ria l  is stee l (0.7mm th ick) with a 

black organic coat ing (Fig.  5 -63).  

 

Figure 5-63: TSC prototype assembled, the prof i le used is shown in the top -
r ight  corner (photo was taken by SBED team)  

5.10.2  PROT OT YPE DATA ANAL YSIS  

The data was col lected prior to insulat ing the duct ing which connected 

the prototype to  the of f ice;  the ‘no insu lat ion’ would af fect  the supply 

temperature as expla ined in sect ions 5.10.2 ib .  Th e data was co l lected by the 
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SBED team. The experimental research parameters are var iables and 

measurab le outputs (sect ion 4.4.2);  the results in th is sect ion are divided 

into four  parts:  

-  Measurab le outputs:  

a.  Output temperature  

b.  Supply temperature  

-  Effect  of  var iables on measurab le outputs:  

a.  Effect  of  so lar i rrad iat ion  

b.  Effect  of  wind speed and air f low  

-  Heat exchange effect iveness (calculated output)  

-  Eff ic iency (ca lcu lated output )  

 MEA SUR ABLE OUT PUT S :  i)

This sect ion presents output temperature (Tout) and  supply temperature 

(Tsup) over a range of  dates which inc lude sunny and cloudy days to assess 

overal l  per formance. In th is sect ion, re lat ions of  these measurable outputs 

to other variab les ( i .e.  ambient and col lectors ’  temperature) are invest igated; 

with sunny and c loudy t imes being ident i f ied .  

a. OUTPUT  TEMPER ATUR E (Tout)  

The output temperature is a measurab le variab le that is af fected by 

various cl imat ic var iables ( i .e.  solar i rradiat ion) in addit ion to design 

variab les of  the TSC (i .e.  geometry and conduct iv i ty of  the col lector).  Th is 

sect ion introduces examples of  the behaviour of  output temperature during 

autumn and winter days. The output temperature at  the ex it  po int  was almost 

a lways higher than the ambient temperature during the months o f  August and 

September 2013.  F igure 5 -64 shows the output temperature (Tout) in re lat ion 

to the ambient (Tamb) and col lectors ’  temperature (Tcol )  and solar 

i r radiat ion (Solar) on the part ly sunny 19 t h  September 2013.  
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Figure 5-64: TSC temperatures and solar  i r radia t ion on 19 t h  September 
2013 (part ly sunny)  

Figure 5-65 shows the output and ambient temperature on the part ly 

c loudy 27 t h  December 2013 whereas; f igure 5 -66 shows the output and 

ambient temperature on 16 t h  January 2014 which was a most ly c loudy day.  

 

Figure 5-65: TSC temperatures and solar i rradiat ion on 27 t h  December 2013 
(part ly c loudy)  
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Figure 5-66: TSC temperatures and solar i r radiat ion on 16 t h  January 2014 
(most ly c loudy)  

The output temperature reaches as h igh as 38 ºC dur ing the day t ime in  

September on sunny days. The temperature is h igh enough to cause 

overheat ing as the needed maximum indoor temperature is 23 ºC (CIBSE 

2006; Ferrar i  and Zanotto 2012 ).  However,  heated air can be d irected to the 

bypass when not required, so over heat ing is  unl ikely to be an issue (sect ion 

2.4.2).   

Unl ike September and the summer when the sun sets late in the day 

(F ig.  5 -64 above),  the output temperature in  the winter  has more chances to 

drop below the ambient temperature (F igs.  5 -65 and 5-66 above).  The low 

output temperatures occur when the sun is  not shin ing and part icular ly  at  

early  morn ing and n ight t ime. This would be one of  the reasons that TSC 

remains with in the context of  of f ice and industr ia l  bui ld ings and almost  

excluded f rom dwel l ings where night and early  morning heat ing is in more 

demand.  

b.  SUPPL Y TEMPER ATUR E (Tsup) 

The read ings o f  Tsup were not made avai lable in  the summer/autumn 

data as the instruments were procured and instal led at  a later s tage. As 

shown in f igures 5 -65 and 5-66 above, the supply temperature to the of f ice 
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area (15-18 ºC) was lower than the TSC output temperature (18 -21oC) when 

the sun is h igh. Th is  is l ike ly to  be due  to heat loss in  the duct ing due to 

lack of  insulat ion. However,  th is  phenomenon is  not s ignif icant  where i t  was 

found occurr ing about  5.1% t imes dur ing the period of  data co l lect ion in 

December and 0.8% t imes in January.  When the output temperature is bel ow 

15ºC, the supply temperature is o f ten higher than the TSC output 

temperature (F igs.  5 -64, 5-66 above and 5 -67).   

 
Figure 5-67: TSC temperatures and solar i r radiat ion on 29 t h  January 2014  

A possibi l i ty of  h igher supply temperature than the output temperature,  

especia l ly  between 6:00 and 18:00, might be due to heat ing ai r  f rom the 

room feeding back in to the duct.  Furthermore, when t here is h igh solar 

i r radiat ion, th is is l ikely to be due to so lar gain into the duct ing (Chiras 

2002).  Th is phenomenon takes t ime to  disappear,  which might  re late to 

thermal mass where the supply temperature appears to have a slower 

response to h igh solar i rrad iat ion than output temperature.  As shown in  

f igure 5 -67 above, temperatures at  14:00 o’clock are increasing fo l lowing 

decreasing solar i rrad iat ion. Th is behaviour corresponds to air  f low rate in 

the duct which indicates a strong ef fect  of  a ir  f low on temperature increase 

(F ig.  5 -68) as exp lained in sect ion 5.10.2i ib .  There is a slower react ion by 

temperatures to  the drop in a ir  f low which would be interpreted to thermal 

mass o f  the stee l and the duct .  
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Figure 5-68: TSC temperatures and ai r f low rate in the duct on 29 t h  January 
2014  

Overa l l ,  the supply temperature in to the room exceeded the ambient  

temperature in the co l lected data.  There are severa l complex factors that 

p lay s igni f icant  ro les in the relat ion between the supply temperature,  TSC 

output temperature and ambient temperature.  These factors include : 

-  length of  the duct ing,  

-  duct materia l ,  

-  duct and TSC s ize,  

-  duct insu lat ion th ickness,  

-  shading of  the duct ing,  and  

-  fan speed and ON/OFF contro l .  

 

These factors and the ent ire invest igat ion of  the relat ions between these 

temperatures are beyond the scope of th is  s tudy however,  i t  is important to  

highl ight  thei r impact .    



HASAN JAMIL ALFARRA CHAPTE R 5  | |  ARCHITE CT URAL  INTEG RAT IO N  

 

  Page |  245  

 EFFECT OF VARIA BLES ON MEA SURABL E OUTPUT S  ii)

These measurab le temperature outputs are a f fected by certa in variables 

(sect ions 2.5.2,  4.4 .2,  5.2.4,  5.5.3 and 5.5.5) .  The geometry and conduct iv i ty  

are beyond the scope of th is analys is as the col lected data belongs to one 

prototype unit .  The ef fect  of  the solar i rrad iat ion var iable is analysed over 

the data co l lect ion period (sect ion 4.4.3).  Simi lar ly,  the ef fects of  wind 

speed and ai r f low recorded variab les are analysed.  The var iat ion in ai r  f low 

was most ly unplanned where the fan was of f  most of  the t ime during data 

col lect ion and the ai r f low rate was under the buoyancy ef fect .  

a. EFFECT OF SOL AR IR RA DIATION  

Solar i rrad iat ion is  the most  sign if icant factor for TSC performance as 

not iced f rom the above f igures and as explained in the l i te ra ture f rom 

previous stud ies (sect ion 2.5.4).  F igure 5 -69 shows the average output 

temperature as a  funct ion of  so lar  i rrad iat ion in the per iod f rom 4 t h  to 31 s t  

December 2013.  

 

Figure 5-69: Relat ions between output  and supply TSC temperatures and 
ambient temperature with solar i r radiat ion between 4 t h  and 31 s t  December 
2013.  Variance bars indicate max -min range for each parameter .  
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The output temperature starts r is ing at  60W/m 2  of  so lar  i rrad iat ion; th is  

increase cont inues cumulat ing gradual ly.  The ambient temperature peaks at 

approximate ly 710 -730W/m2  o f  so lar i rrad iat ion. The output  temperature 

increases s ignif icant ly  f rom approx imate ly 40 0-600W/m2 ,  and then plateaus.  

However,  the supply temperature peaks at  approximate ly 750W/m 2 .  This  is 

quite di f ferent  to Ben-Amara et  a l .  (2005)  where the temperature peaked at 

about 1100 W/m 2 .  However,  the cl imat ic condit ion in thei r study  in Tunis ia ,  

the northernmost  bulge of  Afr ica,  is  general ly hot  and arid  unl ike  the 

temperate condit ions in the UK. The behaviour of  TSC temperatures, 

part icular ly output temperature,  is found accompanying ai r f low rate in the 

duct (sect ion 5.10.2i ib ).   

Overa l l ,  the output temperature reaches a maximum dif ference of  16 ºC 

from the ambient temperature at  760 W/m 2  in  September,  then plateaus (F ig.  

5-70).  In f igure 5 -69 above, the supply temperature peaks at  760 W/m 2  of  

solar  i r radiat ion. The same appl ies to the December and January readings 

as shown in f igures 5 -71 and 5-72 (sect ion 5.10.2i ib ).  However,  in January 

the peak occurs at  800W/m 2  of  solar i r radia t ion .  

 
Figure 5-70: Output temperature r ise as a funct ion of  solar i rrad iat ion and 
air f low dur ing 1 s t  to 20 t h  September 2013  
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The analysis  shows the ef fect  of  so lar  i rrad iat ion on output temperature 

r ise over ambient  temperature.  As solar i rrad iat ion r ises above 60W/m 2 ,  

output temperature  increases to 16 ºC above ambient  temperature in autumn 

(Fig 5-70 above) and 12 ºC above ambient temperature in winter.  That 

conf i rms the f indings of  previous studies such as Gunnewiek et  a l .  (1996) ,  

Ben-Amara et  a l .  (2005) ,  Wang et a l .  (2006)  and Chan et a l .  (2011)  as 

descr ibed in sect ion 2.5.4.  

The ideal  range of  so lar i r radiat ion for the TSC to funct ion (producing a 

temperature r ise of  10ºC above ambient ) is therefore greater than 400 W/m 2  

in Wales.  The maximum so lar  i rrad iat ion recorded is 941 W/m 2  in December.  

Many of  the prev ious studies (Gunnewiek et  a l .  1996 ; Wang et  a l .  2006;  

Leon and Kumar 2007 ; Badache et a l .  2012) analysed a solar i r radiat ion 

range of 400-900 W/m2  (sect ion 2.5.4) .   

b.  EFFECT OF A IR  FL OW A N D W IND SPEED  

The f low rate ins ide the duct seems to have an ef fect  on the overal l  

performance of the TSC as perceived f rom the ef fect  of  suct ion veloc ity in 

the l i te rature (sect ion 2.5.5) and as ment ioned by Badache et a l .  (2012) .  The 

usual average ai r f low in the duct ranged between 0.1 -0.9m/s with an 

average of  0.33m/s. F igure 5 -71 shows output and supply temperature r ise 

over ambient temperature in re lat ion to air  f low between 4 t h  and 31 s t  

December 2013.  

TSC temperature trends were found s ignif icant ly in harmony to ai r  f low in  

winter (Figs.  5 -67, 5 -69 above and 5-71) with a s lower response to solar 

i r radiat ion. The relat ion between ai r f low and temperature trends is 

interpreted due to the buoyancy ef fect  where higher solar i rrad iat ion 

creates hot ter a i r  in the col lector which dr ives a stronger ai r  f low. Figure 5 -

72 further shows a temperature r ise during 1 s t  to 5 t h  and 14 t h  to 31 s t  January 

2014 in re lat ion to  ai r  f low and wind speed . 
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Figure 5-71: Effect  of  f low rate and solar radiat ion on TSC output and 
supply temperatures r ise over ambient temperature dur ing 4 t h  to 31 s t  
December 2013  

 
Figure 5-72: Effect  of  f low rate,  wind speed and so lar  radiat ion on TSC 
output and supply temperatures r ise over ambient temperature during 1 s t  to 
5 t h  and 14 t h  to 31 s t  January 2014  

Output temperature r ise over ambient temperature in  September (F ig.  5 -

70 above) was found to not correspond to air  f low, whi le having a direct  

correlat ion with so lar i r radiat ion; the temperature cont inued r is ing despite 

the constant decrease of  a ir  f low in the duct.  The same trend was not iced in  

the August data .  
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As shown in f igure 5 -72 above, a ir  temperature r ise and f low rate is 

found to be af fected inverse ly by wind speed.  Figure 5 -73 fur ther detai ls th is 

ef fect  for the data being co l lected in  January 2014. The maximum 

instantaneous wind speed recorded was 19.5m/s in December and January 

where the maximum average recorded was in January of  9.8m/s wi th an 

overal l  average of  2.3m/s.  

 
Figure 5-73: The effect  of  wind speed on f low rate  and TSC temperatures 
during 1 s t  to 5 t h  and 14 t h  to 31 s t  January 2014  

Referr ing to f igure 5 -72, the ai r  f low is found to be lower than 0.8m/s 

when the average wind speed is h igher than 4m/s. As average wind speed 

stabi l ises at  approx imately 4m/s,  the ai r  f low increases to 1 .9m/s.  At th is 

point ,  the output and supply temperatures also stab i l ise.  The h ighest f low 

rate was recorded around zero wind speed.  The wind d irect ion was recorded 

and is predominant ly  f rom the west and south west at  th is  locat ion.  

Unfortunate ly,  i t  was not poss ible to  isolate  the impact  of  wind d i rect ion on 

the system. Analys is o f  the wind speed f rom the south and imping ing di rect ly 

onto the col lector face did not show a s ignif icant ef fect  of  wind speed on the 

resul t ing output temperature during 1st to 5 th and 14th to 31st January 2014 

(F ig.  5-74).  
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Figure 5-74: Wind blowing di rect ly onto the col lector as a funct ion of  wind 
speed and show temperatures (January 2014 ) 

 

 HEAT  EXCHAN GE EFF EC TIVENESS     iii)

The heat exchange effect iveness, “ the rat io  of  the actual temperature 

r ise of  a ir  as i t  passes through the absorber plate  to the maximum possib le  

temperature r ise”  (Leon and Kumar 2007, p.  67 ). ,  was high l ighted as being 

signif icant  by many of  the TSC researchers as reported in  sect ion 2 .5.6.  The 

ef fect iveness is  ca lculated us ing equat ion 2 -3,  and further explored in  

re lat ion to solar i r radia t ion on the col lector and air  f low in the duct.  Figure 5 -

75 shows the ef fect iveness from 2 n d  August to 20 t h  September in re lat ion to 

solar i r radia t ion and f low rate.  The heat exchange effect iveness has a 

min imal inverse re lat ion with  solar i rrad iat ion when effect iveness reaches 

0.75; as i t  increases with the decrease of  solar i r radia t ion. F igure 5 -76 

represents another ef fect iveness scenar io during 1 s t  to  5 t h  and 14 t h  to 31 s t  

January 2014.  
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Figure 5-75: Effect iveness in re lat ion to solar radia t ion and f low rate in the 
duct f rom 2 n d  August to 20 t h  September 2013 

 
Figure 5-76: Effect iveness in re lat ion to solar radia t ion and f low rate in the 
duct dur ing 1 s t  to 5 t h  and 14 t h  to 31 s t  January 2014 

High f low rate and low solar i r radiat ion represents ef fect iveness values 

of  0 to 0.5. However,  ef fect iveness between 0.5 and 0.8 corresponds with 

high solar i rrad iat ion and an almost steady f low rate in the plenum. 

Effect iveness of  0.8 -0.9 is  represented by even higher so lar  i rrad iat ion and a 

decreasing f low rate.  The increase in ef fect iveness with  decreased solar 
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i r radiat ion and increased f low rate conf i rms the f indin g of  Wang et a l .  

(2006).  However,  the inverse relat ion with f low rate af ter 0.8 ef fect iveness 

contradicts Wang et a l .  (2006)  who ment ioned a minimal ef fect  of  f low rate  

af ter 0.8 ef fect iveness.  

Dur ing the data col lect ion, the supply temperature was de l ivered through 

a non-insu lated duct.  This al lowed heat loss which was compensated for 

when so lar i rrad iat ion increased above 540W/m 2  in  December and 640W/m2  

in January (sect ion 5.10.2ib).  The ca lcu lat ion of  the     depends on ambient 

and col lector temperature var iables,  and the TSC output temperature 

(sect ion 2.5.6) which are al l  measured pr ior  to the duct.  The ef fect iveness 

calcu lat ions therefore are not af fected by heat loss or ga in by the duct.   

Heat loss and gain in the duct ing af fect  the supply temperature and need 

to be considered in the usual context of  a  TSC. In th is ci rcumstance the 

duct ing would be inside the bui ld ing so so lar heat gains w ould  be unl ike ly  

and any duct heat loss would feed in to the space requ ir ing heat ing. The ai r 

f low cont rol led by the fan speed also af fects the overal l  supply of  the 

temperature (sect ion 5 .10.2ib).  

The suppl ied temperature into the bui ld ing is neither consi dered in the 

calcu lat ion of  ef fect iveness (eq. 2 -3) nor e f f ic iency (eq.  2 -4) equat ions. I t  

must nonetheless be considered as being an intr ins ic parameter  of  indoor 

space heat ing and energy sav ing.The supply temperature should replace the 

output temperature  in the equat ion  2 -4 and would be better represented as :  

     
          

           
                            (5-1)  

 EFFICIENC Y   iv)

The eff ic iency of  TSC,  “ the rat io  of  the useful heat del ivered by the solar 

col lector  to the tota l  solar energy input on the  col lector  sur face”  (Leon and 

Kumar 2007, p.  67 ),  was tackled by many of  the TSC researchers as 

reported in sect ion 2.5 .7.  The ef f ic iency is ca lculated using equat ion 2 -4 and 

2-5,  and further explored in re lat ion to solar i r radiat ion on the col lector and 

air f low in the duct.  The fo l lowing parameters were adopted in ca lculat ing 

mass f low rate  in equat ion 2 -5:  
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 :  1.247 kg/m3 (www.engineeringtoolbox.com at 10ºC)  

    :  0.018 m2; where the pipe diameter is 150mm  

  :  cor responds to the ai r f low rate in the duct  

Cp :  1.006 kj /kg dry a ir / oC (Cordeau and Barr ington 2011 ) 

This method of  calculat ion, us ing the duct  cross sect iona l area and the 

f low rate in the duct,  was fo l lowed in Badache et a l .  (2012) .  A lthough other 

studies used suct ion veloc ity on the perforat ion hole  ( i .e.  Kutscher et  a l .  

(1993),  Van Decker et  a l .  (2001)  and Gunnewiek et  a l .  (2002)  as h ighl ighted 

in sect ion 2.5.5).  

Figure 5-77 shows the ef f ic iency of  TSC during the period from 2 n d  

August to 20 t h  September 2013.  

 
Figure 5-77: Eff ic iency in re lat ion to solar radiat ion and f low rate in the duct 
f rom 2n d  August to 20 t h  September 2013  

Figure 5-77 conf irms the inverse relat ion of  ef f ic iency with  solar  

i r radiat ion as found by Fleck et  a l .  (2002)  in sect ion 2.5.7;  the ef f ic iency 

increases s igni f icant ly  fo l lowing the decrease of  solar i r radiat ion and vice 

versa. The ef f ic iency is d i rect ly af fected by f low rate,  however,  th is ef fect  

reverses beyond a 1.45m/s f low rate in the duct.  The maximum average 

ef f ic iency in th is per iod was around 11% with the highest instantaneous 

http://www.engineeringtoolbox.com/
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ef f ic iency recorded as 80%. Reaching 80% corresponds to prev ious studies 

includ ing McLaren et  a l .  (1998) ,  Gawlik et  a l .  (2005)  and Kozubal et  a l .  

(2008) in sect ions 2.4.5 and 2.5.7.  However in the prototype system of th is 

study, th is h igh ef f ic iency rate is found to be an occasional occurrence 

rather than a typ ical  achievement.  

Figure 5-78 shows a 0.55m/s minimum f low rate required in the duct to 

avoid f low reversa l in  th is  study, where the ef f ic iency rate is below zero.  

However th is min imum might d i f fer accord ing to TSC s ize, duct  s ize and 

length as highl ighted in sect ion 2.5.5 in regards to the minimum surf ace 

suct ion velocity.  The ef f ic iency increases signif icant ly with the f low rate 

increase unt i l  f low reaches almost between 0.8 and 1.0m/s.  Th is re lat ion 

conf i rms the f indings o f  Badache et a l .  (2013)  where the maximum eff ic iency 

was acheived wih in the band of 0.6 and 1.0m/s .   

 
Figure 5-78: The eff ic iency as a funct ion of  f low rate  in the duct  and shows 
average so lar i rrad iat ion during 1 s t  to 5 t h  and 14 t h  to 31 s t  January 2014 

There is a di rect  re lat ion between eff ic iency and solar i r radiat ion before 

f low rate reaches 0.75m/s. In a lower st rength to August and September 

(F ig.  5-77 above),  the ef f ic iency has an inverse rela t ion with solar i rrad iat ion 

beyond a 0.75m/s f low rate.  S imi lar  to f igure 5 -76, the ef f ic iency remained 

direct ly  af fected by f low rate before i t  reversed at  0.75m/s.  The maximum 
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average ef f ic iency in January was below 5%, whereas the highest 

instantaneous ef f ic iency recorded 41%.  

Similar to ef fect iveness (sect ion 5.10.2i i i ) ,  the suppl ied temperature 

must be considered as being an intr insic parameter of  indoor space heat ing 

and energy sav ing.      should rep lace      in eq. 2-5 and would  be better 

represented as :  

    
   (         )

    
                           (5 -2)  

 CONCLU SION  5.11

This chapter  compr ised the bulk  of  analysis  addressing the research 

aims and most of  the object ives. Two methodologies were used in the 

analys is of  th is chapter;  the major i ty of  the chapter addressed the mixed -

method (quant i tat ive and qual i tat ive) analys is  of  the survey. I t  a lso covered 

the secondary methodology of  an experimental prototype. Through the 

mixed-method, the research object ives i ,  i i ,  i i i  and iv were addressed and 

sat isf ied as h ighl ighted in the int roduct ion o f  th is chapter whereas object ive 

v is sat isf ied through the exper imental prototype method. This chapter 

contains the resu lts ,  d iscussion wi l l  fo l low in chapter 7.   

For the survey, the results  were arranged,  coded and analysed using 

either stat ist ical  analysis for quant i tat ive data or themin g for qual i tat ive  

data.  The data was reported in topic sect ions. The key po ints are i l lustrated 

in f igures,  with tab les of  data avai lable  in Appendix C for  fur ther reference.  

The key f indings of  the quest ionnaire  are  further  d iscussed in chapter 7  and 

also concluded in chapter 8.  

In terms of the experiment,  the orig inal p lan inc luded the invest igat ion of  

four uni ts,  however,  issues beyond the cont rol  of  the researcher meant that 

only one unit  could be analysed wi th in the t ime const raints.  Nevertheless, a 

signif icant amount of  data was generated by the prototype TSC. The 

ef fect iveness results f rom TSC protoype are considered to be promising. The 

TSC eff ic iency was found reaching 41% in winter and 80% in  autumn, 

however these records remain occasiona l  where th e maximum average 

ef feciency is below 5% and 11% for winter and autumn respect ive ly.  
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Neverhe less, TSC is  found to be capable of  considerab ly ra is ing ai r 

temperature above the ambient temperature.  In September ai r  temperature 

was increased by a maximum of 1 6ºC above ambient temperature,  (Fig.  5 -

69) whi le in winter the air  temperature was increased by a maximum of 12 ºC 

above ambient  temperature (Fig.  5 -72).  

The current est imat ion of  ef fect iveness and ef f ic iency af fects the 

decis ion making of  sourcing TSC where the funct ion of  the technology for  

energy generat ion was found to be the top prior i ty (sect ion 5.6 .1i) .  This 

impl ies that the abi l i ty  to provide useful  heat  to a bui ld ing is more important 

to the survey respondents than other factors including rel iab i l i ty.  The current  

est imat ions of  ef f ic iency furthermore adds to the mistrust  in manufacturers ’  

data where respondents were found to perceive these data as biased 

advert isements to increase sales (sect ion 5.9.1i i i ) .   

The informat ion from the survey indicat es that TSC is a technology which 

is yet to become fu l ly commercia l ised. Therefore,  chapter 6 focuses on 

analys ing the barr iers  of  TSC development  through TIS analys is  f rom the 

entrepreneurs’  point  o f  v iew and other secondary on l ine data.  The appror iate 

analys is of  the barr iers could lead to the ident i f icat ion of  potent ia l  enablers 

to support  the deployment of  the technology .  
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 INTRODUCTION  6.1

In th is chapter,  the focus l ies on the development and dif fusion of  TSC 

technology in the UK and North Amer ica as a promis ing renewable energy 

technologies for space heat ing. Canada has been a frontrunner in the 

development and dif fusion of  TSC, fo l lowed close ly by the USA. Th is t rend is  

in sharp cont rast  to the UK si tuat ion where there are l imited instal lat ions.  

Both regions have the goal to create a strong environmental and economic 

sector around renewable technolog ies that contr ibute to su sta inable energy 

product ion (REN21 2013).  

By mapping and measuring the key processes with in the technical 

innovat ion system (TIS),  i t  could be possible to ident i fy the dr ivers and 

barr iers that t r igger or hamper deve loping TIS speci f ic to t ransp ired so lar 

technology in the UK (object ives 1.4 i i i  and 1.4vi i ) .  These drivers and barr iers 

could be considered by researchers and entrepreneurs to further research 

and develop TSC performance. Th is approach could moreover be adopted by 

pol icy makers in order to accelerate the di f fus ion and adopt ion of  so lar 

thermal technologies in general and TSC in part icular.   

 DATA COLLECT ION ,  OR GANISATION AND ANAL YSIS  6.2

Interv iews (Appendix F) const i tute the main stream of data co l lect ion for 

th is qual i tat ive analys is of  TIS relat ing to TSC. Further secondary data ( i .e.  

newspapers,  publ ished papers,  government  and company websites) were 

col lected and assessed in order to support  the qual i tat ive analys is and to 

strengthen any shortcomings of  the i n terv iew data,  especia l ly s ince the 

number of  Canadian interviewees was low. Moreover,  the respondents’  

comments and texts in the quest ionnaire (Appendix A) were analysed as 

secondary data.  The use of  secondary data has been va l idated as the 

approach has been used in previous TIS studies such as Bergek (2002) ,  

Negro et  a l .  (2007) ,  Vidican et  a l .  (2012) ,  Klein Woolthuis et  a l .  (2013) ,  and 

Vasseur et  a l .  (2013).  

The interview audio -recordings were t ranscribed verbat im. Al l  the data 

were t reated as equal ly important.  The data transcribed f rom the f ive 

completed interv iews y ie lded over 16,000 words.  
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The secondary data in the North Amer ican market amounted to 45 

documents,  main ly re lat ing to Canada. These included annual reports and 

stat is t ics on solar thermal technolog ies,  news about TSC technology,  

government incent ive plans, TSC manufacturers’  informat ion and act iv i t ies,  

and academic papers,  workshops and reports.  In the UK market,  the 

secondary data consis ted of  23 documents which included news about TSC 

technology, government incent ive p lans, workshops and reports.  

The fo l lowing data analys is of  th is chapter is inf luenced by the work of  

Vasseur et  a l .  (2013)  who compared photovolta ic TIS in Japan and the 

Nether lands. The analysis was furthermore inspired by the s tudies of  Vidican 

et  a l .  (2012)  and Lai et  a l .  (2012) .  The st ructure of  th is analysis,  as wel l  as 

the aforement ioned studies,  was gu ided by Bergek et  a l .  (2008)  as reported 

in the int roduct ion of  sect ion 3.3.  The analysis a lso fo l lows the st ructure of 

technological innovat ion system l i te rature (sect ions 3 .3.3 to 3.3.5) .  I t  starts 

with def in ing the st ructura l components of  TIS for TSC (6.3.1)  in North 

Amer ica and the UK, then invest igates the fu l f i lment of  the TIS funct ions 

(6.3.2)  and ends by highl ight ing the major in teract ions between TIS 

funct ions in both regions being compared. The data were qual i tat ive ly  

themed in these categories us ing the Qual i tat ive Sof tware (NVivo 10).  The 

analys is of  th is chapter main ly corresponds to research ob ject ives  1.4v i ,   

1.4vi i  and 1.4v i i i ) .  

 STRUCTURAL  COMPON ENTS OF TRAN SPIR ED SOLAR INN OVATION  SYST EM  6.3

The structura l components of  TSCs’ TIS were themed individual ly for  

each category (North America and UK) in re la t ion to  the fo l lowing 

components:  actors,  inst i tut ions and networks. TSC development  in North 

Amer ica is  more advanced than the UK which is in  an ear ly  stage of  

emergence;  the more establ ished TIS yie lds l imited data  for  TSC at the 

earl ier  emerging stage in North  America.  Therefore,  the fo l lowing data 

themes ( includ ing sect ion 6.4)  ref lect  the current status of  TSC in both  

regions and h ighl ight  the sta tus of  TSC at the emerge nce t ime in North 

Amer ica whenever possible.  
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6.3.1  ACT ORS (F IR MS ,  OR GA N ISAT IONS ,  AUTH ORIT IES AND IND IV IDUAL S )  

The actors,  pr imary and secondary,  as def ined in sect ion 3.3.3i  were 

ident i f ied for each region in terms of ex ist ing and potent ia l  p layers as 

fo l lows:  

 ACT ORS IN  NORTH  AMER ICA  i)

Although the North Amer ican reg ion combines the USA and Canada, the 

actors in both  countr ies were most ly d iss imi lar.  The d if ferent actors of  each 

country are i l lust rated indiv idual ly wherever appropr iate.  There is however a 

large number of  act ive  actors in both countr ies.  

In the Canadian market,  there are four  entrepreneurs (sect ion 2.4.4)  

concentrat ing thei r act iv i t ies in two prov inces (Ontar io and Quebec).  

Governmental organisat ions p lay a st rong role in the development of  TSC, 

these organisat ions include the Natural Resources o f  Canada (NRCan) 

(Interviewee 5) .  NRCan has the Renewable  and Elect r ical Energy Div is ion 

which takes the lead for develop ing and imp lement ing pol ic ies to  increase 

the deployment  of  renewable energy technologies for heat generat ion at  the 

federal leve l.  Another div is ion is  CanmetENERGY (the c lean energy research 

and technology development agency),  undertakes research and development 

in renewable  energy technologies ( IEA 2010).  A non-prof i t  o rganisat ion plays 

a role in the Canadian market ca l led the Solar and Sustainab le Energy 

Society of  Canada (SESCI) that encourages advance use and awareness of  

solar  and sustainab le  energy in Canada (SESCI n.d. ) .  The main academic 

actors play ing a research role in TSC include the Universi ty of  Waterloo in 

Ontario  (Arulanandam et a l .  1999 ; Del is le  2008),  Concord ia Univers i ty  in 

Montrea l (Candanedo et a l .  2009 ;  Athien it is  et  a l .  2011 ),  the Univers i ty  of  

Alberta and Queen’s Univers i ty in Kingston (Fleck et  a l .  2002).  Further 

actors inc lude the supply cha in,  des igners and pol ic y makers.  

In the USA, there is one nat ional entrepreneur (sect ion 2.4.4);  however,  

the Canadian manufacturers and suppl iers are pr imary actors in the 

Amer ican market as wel l .  Governmenta l organisat ions such as the US 

Department of  Energy (US DOE) have cal led TSC “ the most  re l iable,  best -

performing, and lowest cost so lar heat ing for commercia l  and industr ia l  
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bui ld ings ava i lab le on the market today” (Riegger 2011) .  The US Department  

of Energy’s Nat iona l  Renewable Energy Laboratory (NREL) and the 

American Society of  Heat ing, Refr igerat ion, and Air Condit ioning Engineers,  

Inc.  (ASHRAE), in add it ion to R&D Magazine, p lay ro les as actors in the T IS 

system of TSC (Riegger 2011; Barnes 2013).  Organisat ions l ike Green 

Bui ld ing organisat ions and energy engineer t rade associat ions were reported 

also as actors  by Interviewee 4, in addit ion to academic actors including 

North Carol ina State Univers i ty which was involved in TSC research as 

appl ied to agriculture.  The associat ion of  Leadership in Energy and 

Envi ronmenta l Design (LEED) p lays a role by l ist ing TSC pr oducts as el ig ib le 

to receive LEED credits when in tegrated in bui ld ings. Further newspaper 

organisat ions such as Reuters where found report ing ent repreneur ia l  

act iv i t ies of  TSC (Reuters 2013).  

 ACT ORS IN  TH E UNIT ED K IN GD OM  ii)

In comparison to the North  American market,  a lower number of  act ive  

actors were found in  t he UK market ,  with an increasing number of  potent ia l  

supply cha in entrants  ( Interviewee 1).  There are two local ent repreneurs,  

one represent ing the branch of  a fore ign entrepreneur (sect ion 2 .4.4).  An 

academic associat ion with premier involvement in TSC research and 

appl icat ion is  Cardif f  Universi ty -  Welsh School of  Architecture (WSA) .  

Further universi t ies with publ ished rese arch in TSC are the Univers i ty o f 

Nott ingham (Chan et a l .  2011) and the Universi ty of  Surrey (Hal l  et  a l .  

2011).  The Bui ld ing Research Establ ishment  (BRE) was found as an actor 

where they insta l led one of  the early demonstrat ion panels of  TSC. The 

Department of  Energy and Cl imate Change (D ECC), p lays a role in TSC 

development through incent ive p lans, part icu lar ly Green Deal.   

Potent ia l  organisat ions inc lude the Technology St rategy Board 

(Interviewee 1) which drives innovat ion by help ing businesses and 

researchers to  col laborate on science a nd engineering 

(www. innovateuk.org ).  Further actua l actors inc lude the supply chain ( i .e.  

technology development partners,  coat ings technologies,  roof ing and wal l ing 

http://en.wikipedia.org/wiki/Building_Research_Establishment
http://www.innovateuk.org/
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manufacturers,  mechanical and  e lect r ical designers and cont ractors),  the 

contract  specif icat ion chain,  archi tects,  leg is lators,  c l ients and developers.  

6.3.2  INSTIT UTION S (RUL ES A ND REGULAT IONS )  

The inst i tut ions as def ined in sect ion 3 .3.3i i  were themed for each region 

in terms of lega l and customary regulat ions as fo l lows:  

i )  INSTIT UTION S IN  NORTH AMERIC A  

Codes and standards helped development  of  the TSC research and 

market in Canada and the USA.  Incent ive p lans were a l located to encourage 

the use of  TSC as part  of  renewable heat  technologies .  In Canada, the 

incent ive plans inc luded federal consumer incent ives ecoENERGY for  

renewable heat f rom NRCan to indust r ia l ,  commerc ial  and inst i tut ional ( ICI ) 

sectors.  The ecoENERGY plan ended on 31 s t  March 2011 ( IEA 2010; CanSIA 

n.d.).  Consumer support  remains avai lable  for TSC in many prov inces. This 

includes, for instance, a 15% rebate of  the insta l led cost  of  a  solar a ir  

heat ing system in the Nova Scot ia and Ontario solar thermal  heat ing 

in i t iat ive (OSTHI).  Fur thermore, munic ipal areas l ike the town of Caledon in 

the prov ince of  Ontar io  set -up a green deve lopment programme that  prov ides 

discounts for the use of  TSC technology. Further  inst i tut ions that  

encouraged the use of  the TSC inc lude a ‘road map’ that const i tutes a 

col lect ive commitment by prov inces and terr i to r ies to  increase energy 

ef f ic iency and the use o f  solar energy by 2025. I t  was ant ic ipated that such 

an increase would be faci l i tated through:  

…Improvements to bu i ld ing codes, broader regulat ion of  energy -

consuming products,  green bui ld ing po l ic ies for  new government -

funded faci l i t ies,  and home energy a udits and retrof i t  assistance  ( IEA 

2010, p.  12).  

Similar ly in the USA,  the 30% federa l tax incent ive,  which remains 

ef fect ive,  is he lping the TSC dif fusion and development as ment ioned by 

Interv iewee 4. Furthermore, d i f ferent States have dif ferent encouragement 

plans and incent ives towards the use of  renewable energy technologies.   
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 INSTIT UTION S IN  TH E UNITED K IN GD OM  i)

A few inst i tut ions related to TSC were expected to be in ef fect  in the UK 

market due to  i ts emerging status.  Interviewee 1 stated that  “… there are no 

recognised or establ ished standards for t ranspired so lar co l lectors or their  

performance”.  The 2003 UK Energy Whi te Paper determined goals for UK 

energy pol icy includ ing cutt ing CO 2  emissions by 60% by 2050 and ensuring 

adequate and af fordable heat ing for every home (Foxon and Pearson 2007).  

The target was thereafter increased to 80% by 2050 (DECC 2011a; Parkes 

2012).  A road map was publ ished by DECC in 2012 which inc ludes solar  

thermal energy (DECC 2012).  This road map however,  inc luded neither solar 

a ir  heat ing nor TSC technology, but inc luded biom ass and ground source 

heat ing pumps instead. TSC was only inc luded with in so lar thermal energy in 

approximate ly June 2013  when the DECC l isted TSC for Green Deal ‘Golden 

Rule ‘  incent ives (Hough et a l .  2014).  

6.3.3  NET WORK S (LEARN IN G NET WORK S AN D ADVOC A CY COALIT IONS )  

The networks as int roduced in sect ion 3.3.3i i i  were themed for each 

region in terms of learning networks and advocatory coal i t ions as fo l lows:  

i i )  NET WORK S IN  NORTH AMER ICA  

The networks and col laborat ions seemed wel l -establ ished in  both 

Canada and the USA. TSC actors are furthermore wi l l ing to jo in 

col laborat ions and venture relat ions with other supply cha in f i rms, 

compet i tors,  research centres and g overnment.  TSC actors,  however,  are 

caut ious in these re lat ions as ment ioned by Interv iewee 4: “…we’re  caut ious 

but st i l l  open to possibi l i t ies,  work ing with other companies in  order to  

develop the technology and move i t ” .  

The Canadian Solar Industr ies Associat ion (CanSIA) was establ ished in 

1992 as a nat ional t rade associat ion that represents approximate ly 650 solar 

energy companies and organisat ions throughou t Canada. CanSIA intensif ies 

the development,  ef f ic iency and ethics of  professiona l Canadian solar 

energy indust ry towards a sustainab le,  c lean energy future (CanSIA n.d. ).  

Furthermore, the Canadian Standard Associat ion (CSA) provides l ists of  
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accepted so lar  col lector products and manufacturers in Canada inc luding 

TSC technology (CSA n.d. ).  The NREL also co-developed the concept of 

TSC and instal led TSC units on the NREL new Plat inum LEED rated 

Research Support  Faci l i ty in 2010 in an encouraging act to knowledge 

dif fus ion (Barnes 2013).  

Advocatory coa l i t ions were apparent with universi t ies as h ighl ighted in  

sect ion 6.3.1 i .  Furthermore, growing communicat ions were reported by 

Interv iewee 1 with designers,  green bu i ld ing organisat ions and energy 

engineer t rade associa t ions. Th is  communicat ion bui lds up a  stronger 

advocatory coal i t ion.  

i i i )  NET WORK S IN  TH E UNIT ED K IN GD OM  

As the TSC remains a t  the early emerging stage in the UK, most of  the 

learn ing networks remain hypothet ical.  The majori ty of  col laborat ion 

associa t ions are wi th supply cha in actors (sect ion 6.3.1 i i ) ,  part icular ly for  

c ladding systems and coat ings technolog ies .  Networks are needed for UK 

local  entrepreneurs to  achieve faster ef f ic iency of  TSC than when working 

independent ly  as became apparent f rom interview 1 .   

Numerous technology or product dominated associat ions ( i .e.  

photovolta ic systems) are invo lved in various aspects o f  solar or renewable 

energy indust r ies in the UK, which do not include TSC technologies.  The 

TSC ent repreneurs are “…st i l l  both  ind ividual ly  and col lect ive ly,  a  re lat ive ly  

smal l  voice in th is area”  ( In terv iewee 1).   

Similar to the caut iousness in North Amer ica, the UK ent repreneurs 

exerc ised c i rcumspect ion during networking, as ment ioned by Interviewee 2 .  

Therefore,  certa in informat ion is be ing retained from exchange v ia networks 

by actors.  Further  network ing was successful ly  apparent wi th DECC 

(Interviewees 2 and 3)  that resul ted in  the inclus ion of  TSC technology in  the 

Green Deal ‘Golden Rule‘  incent ives (Hough et a l .  2014).  

The advocatory coal i t ion networks were more apparent in the UK than 

North Amer ica, a l though only a small  number of  re lat ions were ident i f ied due 

to the l imited number of  actors in the UK. The apparent networks ident i f ied 
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are with LCRI and Welsh government  funding for  a project  named the 

Sustainable Bui ld ing Envelope Centre (SBEC) (www.sbec.eu.com). Another 

project  is sustainab le bui ld ing envelope design (SBED) which is developing 

pi lot  TSC insta l lat ions for further study (www.sbed.card if f .ac.uk).  

The renewable  energy actors were,  moreover,  urged to  network in  order 

to achieve the UK’s goal  by the Energy Min ister,  Charles Hendry,  when he 

said:  “We need very strong co -operat ion between the companies in the 

sector for where they can use thei r jo int  ski l ls to he lp  dr ive down costs”  

(Parkes 2012, p.  27 ).  

 SYST EM FU NCTION S FUL FILMENT OF TRAN SPIR ED  SOLA R THER MAL  6.4

Hekkert  et  a l .  (2007)  and Bergek et  a l .  (2008)  recommended 

invest igat ing the fu l f i lments of  each TIS funct ion. This research should  

therefore invest igate the interact ion between those funct ions (sect ion 6.5).  

This ana lys is sequence al lows the drawing of  lessons f rom the North 

Amer ican case, and ident i f icat ion of  barr iers to knowl edge dif fus ion, which in 

turn helps to f ind enablers of  deve lopment and knowledge d if fus ion  (sect ion 

7.6).  The qual i tat ive data  were considered accord ing to each funct ion as 

fo l lows. However,  few data intersect between two funct ions ( i .e.  knowledge 

creat ion and knowledge dif fus ion).   

6.4.1  FUNCTION  1:  ENTR EPRENEUR IAL ACTIVIT IES  

As int roduced in sect ion 3.3.4i ,  the act iv i t ies below main ly re late to new 

entrepreneuria l  entrants or act iv i t ies,  expansions in deve lopment or  

demonstrat ion projects .  

 ENTREPRENEU RIAL  ACT IVIT IES IN  NORTH AMERIC A  i)

Since the innovat ion development of  TSC in the late 1980s, several  

entrepreneur ia l  act iv i t ies have taken place, such as invest igat ing di f ferent  

mater ia ls of  the TSC outer panel col lector  (sect ion 2.4.4),  geometry and 

pitch arrangements,  conduct iv i ty experiments,  and performance measures 

(sect ion 2.5).  The growing market has encourage d further entrants to jo in 

the TSC actors to compete and/or col laborate in the market (sect ion 2.4.4).  
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Recent ly,  solar a i r  heat ing technology has become establ ished in North 

Amer ica, part icu lar ly  in Canada; therefore,  only a few entrepreneur ia l  

act iv i t ies were being themed specif ical ly for TSC.  These act iv i t ies were 

main ly in the form of  patented system advancements and deve lopment.   

Figure 6-1 shows a p ioneering advancement  named ‘SolarWal l  2 -Stage’  

which is int roduced as a high performance solar a ir  heat i ng technology that 

was patented in 2010 (Hol l ick 2010).  The 2-Stage was cla imed to del iver up 

to 50+% more energy than a convent iona l TSC as tested by independent 

laboratories.  I t  was furthermore presented as t he most su itable technology 

for so lar space heat ing appl icat ions (SolarWall  2012).  

 
Figure 6-1: SolarWall  2 -Stage - h igh performance solar a i r  heat ing system 
(SolarWall  2012) 

 

Further act iv i t ies inc luded NightSolar® (Fig.  6 -2) which provides night  

and summer cool ing in addit ion to a ir  pre -heat ing (SolarWal l  2013).  Roof -

mounted TSC with integrated thermal  storage capacity was als o presented 

as a pioneer ing ent repreneur ia l  act iv i ty (Enerconcept n.d. ).   
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Figure 6-2: NightSolar® - solar heat ing & cool ing system (SolarWal l  2013) 

Moreover,  RETScreen software was deve loped as a design tool to assist  

in calcu lat ing and specif ing TSC technology. The software is being 

constant ly developed and updated by NRCan ( www.retscreen.net ).  Further  

entrepreneuria l  act iv i t ies could  exist ,  as new informat ion becomes avai lab le  

al l  the t ime.  

 ENTREPRENEU RIAL  ACT IVIT IES IN  TH E UNIT ED  K INGD OM  ii)

Being almost at  the emergent s tage, the entrepreneuria l  act iv i t ies of  TSC 

in the UK were expected to be l imited (Hekkert  and Negro 2009).  However,  

in real i ty,  act iv i t ies were found to  be more exten sive and ambit ious than 

expected. I t  was found that actors with in the UK were committed to 

achiev ing with in three to f ive years,  approximate ly 30 years of  North  

Amer ican TSC experience (In terv iewee 3).  These act iv i t ies inc luded 

demonstrat ion projects  such as the TSC wal l  insta l led at  the BRE research 

centre,  the SBEC project  in Shotton and SBED pro ject  (sect ion 6.3.3i i ) .   

The SBED pro ject ,  for  instance, a ims to design, prototype and monitor  

the performance of  TSCs on eight bui ld ings represent ing fou r d i f ferent types 

of  bui ld ing use with in Wales  (Col l inson 2013 ).  As part  of  the SBED pro ject ,  

TSC prototype  units were const ructed to conduct pre -test ing of  monitor ing 

equipment that wi l l  be used later for  fu l l -sca le bui ld ing appl icat ions.  

http://www.retscreen.net/
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As part  of  t r ia ls to  ef fect ive ly  inc lude TSC in domest ic  bui ld ings, f igure 

6-3 shows a 9m2  TSC at the Rhondda Cynon Taf (RCT) dwel l ing home in  

Aberdare that was ret rof i t ted in 2010 (sect ion 2.4.1) which seems to be the 

f i rst  domest ic appl icat ion to  ut i l ise TSC technology. Furthermore,  a 24m2  

TSC at the ‘solar house’ in Great Glen, Leicestershi re has been announced 

as the f i rst  domest ic appl icat ion to ut i l ise larger TSC technology (Bui ld ing 

2013).  

 

Figure 6-3: RCT home - Cwmbach, Aberdare af ter complet ion of  Retrof i t  
(Tattersa l l  et  a l .  2012 ) 

TSC actors have developed a “…software package that a l lows other 

people to use i t  to  design and to specify [TSC]  technologies…”  which has 

been made avai lable onl ine. The software is named the sustainable  bui ld ing 

est imat ion tool (SBET) and has been developed through SBEC to address 

some of  the issues of  exist ing software such as RETScreen and ‘Swif t ’  (Cho 

et a l .  2012) .  

6.4.2  FUNCTION  2:  KN OWL ED GE CREATION  

As int roduced in sect ion 3.3.4i i ,  the  act iv i t ies below mainly re late  to  R&D 

act iv i t ies and investment,  patents,  or the le ve l of  academic knowledge 

creat ion.  
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 KN OWL ED GE CREAT ION IN  NORTH  AMER ICA  i)

The f i rst  step in knowledge creat ion was the product ion of  TSC patents 

by Hol l ick  (1985)  and Hol l ick and Peter (1997)  as h ighl ighted in sect ion 

2.4.1.  Considerable knowledge has been created since the innovat ion, in the 

form of academic research, patents,  and entrepreneur ia l  research and 

design act iv i t ies that came with pioneering development (sect ion 6.4.1i) .  The 

recent patents inc lude modular t ransp ired so lar a ir  co l lector  (Wilk inson and 

Ionescu 2010),  curved transp ired so lar a i r  heater (Ryan 2010),  perforated 

transparent g lazing for heat recovery and  solar a ir  heat ing (Vachon 2013) 

and two-stage cool ing (Hol l ick 2013),  in addit ion to the two examples in  

sect ion 6.4 .1i .  

The North American entrepreneurs have kept thei r R&D in -house 

(Interviewee 4) for many reasons. A major reason for th is  has been 

informat ion protect ion,  as Interv iewee 5 showed concern regard ing patent 

v io lat ion which has occurred with in the TSC ind ust ry .  This vio lat ion 

discourages knowledge creat ion and “…has the potent ia l  to stymie 

investment ” .  The constant R&D act iv i t ies retain a compet i t ive TSC 

technology in the North Amer ican loca l and internat ional  markets.  The 

prototype,  design and integrat ion  of  TSC furthermore “… is educat ional and 

cultural  change leads to act ions”  as stated by a consult ing archi tect  f rom 

USA with more than 15 years o f  experience.   

 KN OWL ED GE CREAT ION IN  THE UN IT ED K IN GD OM  ii)

“Understanding the potent ia l  use and appl icat ion of  pr oducts is essent ia l  

to appropriate specif icat ion” stated a consult ing archi tect  f rom England with  

more than 15 years of  experience. A number of  academic stud ies were 

created at  universi t ies such as Card if f  Universi ty  and the Univers i ty of  

Surrey (sect ion 6.3.1 i i ) .  Further R&D is  being conducted a t  the SBEC 

focusing on research,  development and pre -commerc ial isat ion ( In terv iewee 

3).  These act iv i t ies are counted as ‘ learning by researching ’.  Interviewee 2 

however be l ieves that appl ied resear ch is:  

…much closer to the market and [at tempts should be made]  to  

take a product  or a technology to the market;  …if  better a l ternat ive 
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solut ions are ava i lab le,  then that  wi l l  encourage research and 

development and obviously eventual dep loyment in the marketplace.  

Demonstrat ion pro jects (sect ion 6.4.1i i )  were constructed in 

col laborat ion with supply chain actors.  The author of  th is  study co l laborated 

with the SBED research team on the design of  the prototype r ig  (sect ion 

5.10).  The prototype TSC aimed to  furn ish the SBED research team wi th the 

necessary conf idence and knowledge of  test ing the fu l l -scale TSC 

appl icat ions with in  the pro ject .  The prototype was also made accessib le for 

the researcher to  learn and experiment.  The prototype is  therefore a 

‘ learning by doing’  pract ice that cont r ibutes to knowledge creat ion in the 

f ie ld of  TSC.  

6.4.3  FUNCTION  3:  KN OWL ED GE D IFFU SION  

As introduced in sect ion 3.3.4i i i ,  the act iv i t ies below re late to knowledge 

exchange via events and networks, the nature of  networking between actors 

and the kind of  knowledge being shared.  

 KN OWL ED GE D IFFU SI ON IN  NORTH AMERIC A  i)

More than 20 peer rev iewed academic publ ica t ions through North  

Amer ican universi t ies and research cent res (sect ion 2.5),  a number of  

learn ing networks between the actors (sect ion 6.3.3i )  and period ic reports  

indicate that knowledge dif f us ion in North Amer ica is taking place. Further 

potent ia l  co l laborat ion between North Amer ican actors could occur 

(Interviewees 4 and 5) to exchange knowledge, conduct research, and 

develop TSC; however,  th is  is l imited by the requirements of  entrepreneurs  

for secrecy (sect ion 6.4.1i) .  The North  American entrepreneurs therefore,  

became more focused on protect ing the i r own kn owledge rather than 

exchanging knowledge wi th other  actors,  part icu lar ly compet i t ive  

entrepreneurs.  Th is caut ion may have been a factor in some inv i ted 

part ic ipants to th is research not taking part  (sect ion 4.5.6),  however,  

targeted survey part ic ipants remain of  busy profess ionals (sect ion 4 .4.1v).  

For example, CanSIA prov ides educat ion and networking opportunit ies 

for the Canadian member actors,  in  addit ion to knowledge e xchange with 
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pol icy makers in the form of recommendat ions (CanSIA n.d. ) .  Four educat ion 

seminars are of fered by ATAS (the Amer ican entrepreneur,  sect ion 2.4.4) in 

col laborat ion with the American Inst i tut ion of  Architects on the cont inuing 

educat ion system (AIA -CES). The Solar and Sustainable Energy Society of  

Canada also ass isted in faci l i tated exchange of up -to-date knowledge 

through chapter meet ings, publ ic events and educat ion, nat ional and 

regional conferences,  exhibi t ions, and workshops (SESCI n.d. ).  Moreover,  

newspaper organisat ions were invo lved in report ing entrepreneur ia l  act iv i t ies 

and high prof i le TSC insta l lat ions such as an instal lat ion on the NREL 

(Reuters 2013).  

In spi te o f  the seemingly busy act iv i t ies towards knowledge d if fusion,  

North Amer ican respondents to the quest ionnaire ,  especial ly archi tects ,  

ment ioned a lack of  technica l data and absence of  accessible independent 

studies for publ ic perusal.  A Canadian architect  f rom local government also 

stated “ [a lack]  of  demonstrated success in local c l imate …” where the 

contract ing arch itect  f rom the USA ment ioned the need for further 

“knowledge [d i f fusion]  of  [TSC’s]  product instal lat ion and performance”.  

These issues and a few simi lar were agreed by almost 30 North Amer ican 

respondents to the quest ionnaire.  

 KN OWL ED GE D IFFU SION IN  TH E UNIT ED K INGDOM  ii)

In conf i rmat ion of  the importance of  knowledge dif fusion, In terviewee 1 

ment ioned that h is f i rm became aware of  TSC technology and in turn  

incorporated TSC in their business p lan once the technology became ‘patent  

f ree’ (25 years af ter the patent registra t ion in  the mid -1980s).  

Since the f i rs t  UK TSC publ icat ion by Hal l  et  a l .  (2011) ,  a lmost f ive peer 

reviewed academic s tudies were publ ished through univers i t ies (sect io n 2.5 

and sect ion 6.3.1 i i ) .  Further to research, Card if f  Un ivers i ty is developing 

cont inuous profess ional development (CPD) tra in ing on TSCs through Welsh 

Energy Sector Tra ining (WEST). Part  of  th is  wi l l  be del ivered in conjunct i on 

with the Cardif f  Un ivers i ty Centre  for  L i fe long Learning. The course covers 

basic pr inc ip les and potent ia l  use of  TSC and targets designers,  archi tects,  
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engineers,  bui ld ing energy assessors and construct ion pro ject  managers 

(Cardif f  Un iversi ty n.d. ).  

A number of  respondents to the quest ionnaire stressed the importance of  

knowledge d if fus ion for the deve lopment of  TSC through certa in  measures 

such as prototypes: “bui ld ings should be didact ic and used as a  learn ing 

tool”  stated a consul t ing  architect  f rom Wales. Independent reports of  the 

consumers ’ test imonia ls and feedback were also found to  be required, as 

mentioned by an academic f rom Wales:  “scient i f ic data needed,  i .e.  user 

experience across a  suff ic ient ly wide sample” .  Fur ther comments revo lved 

around the absence of  knowledge, the need for t rue understanding of  the 

TSC mechanism and benef i ts and access to technical  data and successful 

prototype projects.  

6.4.4  FUNCTION  4:  GU IDANC E OF TH E SEAR CH  

As introduced in sect ion 3.3.4ivm the act iv i t ies below main ly re la te to 

vis ions, expectat ions, success/fa i lu re stor ies,  regulat ions or pol icy plans.  

 GUIDANC E OF  TH E SEAR CH IN  NORTH  AMERICA  i)

I t  is ev ident that TSC technology in the USA and Canada became a wel l -

known solar thermal technology opt ion  (sect ion 6.3.2i ) .  Th is d i f fusion was 

accompanied by targeted vis ion f rom the governments towards the use of 

renewable  technolog ies that in turn reduce CO 2  emissions. The Canadian 

government ,  for instance, a ims to widely deploy so lar  energy throughout 

Canada by 2025 and in doing so, to create more than 35,000 jobs. 

Furthermore, IEA (2012) issued a roadmap vis ion for so lar  technologies 

includ ing so lar  co l lectors for space heat ing in the bu i ld ing sector  by 2050. 

The roadmap provides speci f ic  goals ,  and indi cates the expected insta l led 

annual capaci ty and displaced GHG. These v is ions encourage investment in  

TSC technology in the North  American market.  I t  fu rthermore st rengthens 

conf idence towards further  research pro jects.  The prov ince of  Ontario  in  

Canada, for  instance,  targets to reduce CO 2  emiss ions by 80% by 2050 

(REN21 2013).  
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The recommendat ion o f  using TSC by independent research associat ions 

and government of f ices such as US DOE and ASHRAE (sect ion 6.3.1i)  

helped the deve lopment and adopt ion of  TSC technology. The codes were 

also found to encourage deployment of  TSC such as t he requirement  of  f resh 

air in the vent i lat ion code to avoid ‘s ick bu i ld ing syndrome’ (Riegger 2011).  

Successfu l TSC projects and large landmark instal lat ions have included 

insta l lat ion on the NREL (sect ion 6 .4.1i ) ,  the Ford Motor Company assembly  

plant in Canada (sect ion 2.4.1),  and North Amer ica’s la rgest SolarWal l  

system of 2008 (11,000 f t 2 )  at  Owens Corning’s Toronto area insulat ion 

manufacturing faci l i ty (Renewable Energy 2009).  These projects and stor ies 

encourage further adopt ion by arch itects and cl ien ts.  The inclus ion of  TSC in  

the LEED cert i f icat ion cr i ter ion moreover at t racts arch itects and designers.  

Test imonials and feedback ( i .e.  the ones publ ished on www.solarwal l .com) 

strengthen the conf idence of  TSC depl oyment act ions. Moreover,  the vis ion 

of  the actors themselves is s ignif icant ly crucial  to the TSC development.  

Interv iewee 4 expected “… to see an explos ion of  adopt ion of  th is technology 

in the marketp lace ” .   

The solar indust ry is nevertheless considered by the Canadian 

government  as an establ ished component  which has al ready achieved 

market compet i t iveness, therefore,  government incent ives would no longer 

be needed (CanSIA 2010).  The other energy sources, on the other hand, 

remain ei ther supported ( i .e .  PV) or  cheap ( i .e.  gas) especial ly that  “… foss i l  

fuels … have enjoyed decades of  basical ly t remendous subsid ies that have 

created an unequal p laying f ie ld ”  sa id Interviewee 4.  

 GUIDANC E OF  TH E SEAR CH IN  TH E UNIT ED K IN GD OM  ii)

Despite reasonable percept ion of  TSC awareness in the UK (sect ion 

5.4.1),  the implementat ions remain l imited (6.4.1i i ) .  The entrepreneurs see 

themselves having the potent ia l  st ructures and the organisat ional capabi l i ty 

to develop and d if fuse the use of  TSC. They are aware of  the requirements 

of  architects and leg is lators who “…want …  technica l ly proven [system]  that 

has been demonstrated in pract ice on perhaps another project”  ( In terv iewee 

1).  Th is awareness guides the ent repreneu ria l  path towards compliance of  

http://www.solarwall.com/
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design and regu latory requirements.  Interviewee 3 went farther in classify ing 

the cl ients into three d if ferent  groups for TSC deployment :   

… [ the f i rst  might]  be just  pure ly  compl iance, they need to put  

enough renewables on a bui ld ing to get bu i ld ing permiss ions, o thers 

wi l l  see the economic value of  i t ,  and then there is a th i rd set who 

are more alt ru ist ic and want to extend the sustainab i l i ty agenda as 

far as they can .  

The importance of  having a successful prototype was at tr ibuted by 

Interv iewee 1 to the fact  that  “…it ’s  very rare that people l ike to be guinea 

pigs [ test ing]  or the f i rst  person … to t ry a  so lut ion”.   

The col laborat ion with academic actors such as Cardi f f  Universi ty  

through ei ther  research projects  ( i .e .  SBEC) or demonstrat ion 

implementat ions ( i .e.  SBED) (sect ion 6.4.1i i )  insp ires researchers to cond uct 

further research of  TSC and gives conf idence to legis lators to support  the 

technology.  Fo l lowing posit ive  sessions of  d ia logue with  DECC, the lat ter 

included the TSC in the Green Deal ‘Golden Rule‘  incent ives (Hough et a l . 

2014) (sect ion 6.3.2i i ) .   

Hence, further government support  seems opt imist ica l ly ant ic ipated by 

TSC actors in the UK.  The UK government  has put a vis ion through to cut 

CO2  emissions by 80% by 2050 (DECC 2011a; Parkes 2012) (sect ion 

6.3.2i i ) .  Moreover,  the invi tat ion of  the Minister Charles Hendry,  for 

renewable  energy actors to network (sect ion 6.3.3 i i )  empowers market  

compet i t iveness and enables knowledge exchange.  

The announcement of  breakthrough TSC implementat ions inc luded the 

‘solar house ’ in Great Glen (sect ion 6.4.1i i )  and UK’s largest TSC 

instal lat ion at  Marks & Spencer in 2013 (Sect ion 2.4.1,  Table 2 -1).  Similar to  

North America, these announcements encourage potent ia l  adopt ion by 

archi tects and cl ients and contr ibute to conf idence of  TSC deployment.  

6.4.5  FUNCTION  5:  MARK ET FORMATION  

As int roduced in sect ion  3.3.4v,  the act iv i t ies being themed below main ly  

re late to  market status,  market demand and act ions towards uncerta int ies.  
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 MARK ET FORMAT ION IN  NORTH AMERIC A  i)

The TSC in North  Amer ica is deemed wel l -establ ished and the 

technology is incumbent in that market.  The Canadian solar thermal 

technologies that  are  act ive ly  growing across Canada and the USA inc lude 

evacuated tube, unglazed and glazed l iqu id and ai r co l le ctors (CanSIA 

2010).  Figure 6-4 shows a histor ical annual  t rend of  solar thermal  domest ic 

col lector  sales.  

 

Figure 6-4: Historical annual t rend of  solar thermal domest ic co l lector sa les 
m2  (NRCan 2013)  

The Canadian solar thermal market witnessed a cont inuous growth from 

2000 to 2007 at an average annual rate of  16%. The market during that  

period was dominated by l iquid so lar col lectors which accounted for a lmost  

70% of the annual market.  I t  was in 2008 w hen solar a ir  heat ing encountered 

signif icant  growth fo l lowing the re - introduct ion of  the federa l ecoENERGY for 

renewable  heat f rom NRCan and a number of  complementary programmes at 

the provinc ia l  leve l (6.3.2i) .  In 2010, solar thermal a i r  comprised almost  50% 

of the solar thermal market share. Due to the end of  ecoENERGY by 2011, 

solar a ir  heat ing decl ined signif icant ly in the local market.  Therefore,  the 

Canadian so lar thermal indust ry was growing in the decade ending 2010 due 

to subsidy plans, and entrep reneurs have been lef t  now to  compete 

internat ional ly (NRCan 2012; CanSIA 2013; Richardson 2013).  Interv iewee 5 
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commented on the withdrawal of  support  by the C anadian federal 

government  stat ing that:   

…Those who would l ike to insta l l  t ransp ired solar col lectors are  

always taken aback by the lack of  federal and provinc ial  funding for  

the technology. This takes away from the conf idence they might feel 

in the technology.   

The exports of  TSC accounted for 12,620m 2  (33% of the tota l  solar  

thermal market share) in 2012 fo l lowing a s teady increase s ince 2009 where 

the export  was on ly 2,813m 2  (50%). The export  f igures dropped f rom 2008 to 

2009, which cou ld be expla ined by the increase in domest ic  sa les for  the 

same per iod. The domest ic instal lat ions almost doubled f rom 17,056m 2  in 

2007 to 34,135m 2  in 2008, and again doubled from 48,144m 2  in 2009 to 

99,769m2  in 2010. Thereafter the domest ic instal lat ions dropped dramatical ly 

to 28,444m2  in 2012 (Fig.  6 -5) (NRCan 2013).  Interv iewee 5 conf i rmed 

increased sales in other markets s tat ing that “…we focus our energies on 

markets where there is  incent ive money ava i lable”.   

 

Figure 6-5: Histor ica l solar  a i r  heat ing insta l lat ions in  Canada from 2002 to 
2012, gathered from NRCan survey reports including NRCan (2012) ,  NRCan 
(2013) and Richardson (2013)  
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(poss ibly re lated to increase d gas avai labi l i ty f rom hydrau l ic  f ractur ing  in  

USA),  the TSC ROI t imeframe increased to eight to ten years,  where before 

i t  was three to f ive years.  This is more appl icable in  ret rof i t  p rojects that are 

current ly  us ing natura l  gas for thei r heat  ( Interviewee 4).  A consultant f rom 

Canada stated that TSC requires government invo l vement “…as natural gas 

is so inexpensive current ly”.  Interv iewee 5 conf i rmed the problem, stat ing 

that the “…chal lenge is a lways with an acceptable payback”.  The payback 

was themed as a high concern in the quest ionnaire responses that were 

reported in chapter 5 ( i .e.  sect ions 5.4.2 and 5.5.2).   

 MARK ET FORMAT ION IN  THE UNIT ED  K INGD OM  ii)

There are three dist inct  phases of  market format ion with in a TIS, that of 

a nursing, br idg ing and mature market (La i et  a l .  2012).  The current s ize of  

TSC instal lat ions (sect ion 2.4.1),  ent repreneuria l  act iv i t ies (sect ion 6.4.1i i )  

and size of  ef fect ive drivers and actors (sect ion 6.3.1i i )  wi th in the UK places 

the TSC market  in a t rans it iona l phase f rom a nursing market to br idg ing 

market.  Despite the very s low market ,  the number of  TSC projects and 

act iv i t ies in the UK is  increasing (sect ions 2.4.1 and 6.4.1i i ) .  Government 

support  remains essent ia l  at  th is stage.  This statement is agreed by 

interviewed entrepreneurs and surveyed researchers,  government 

respondents and architects in the UK. As yet,  the supply  chain is  

“…fragmented in the sense that there was no one lead contractor who could  

offer the whole package ” .  ( Interviewee 2).  

6.4.6  FUNCTION  6:  RESOURC E MOBIL ISATION  

As int roduced in sect ion 3.3.4v i,  the act iv i t ies be low main ly re late to  

human resources, ava i lable fund ing and asset changes.  

 RESOURC E MOBIL ISATION IN  NORTH  AMER ICA  i)

Albeit  the resource mobi l isat ion compr ises both human resources and 

f inancia l  resources, most of  the data focuses on the f inancia l  aspects of  TSC 

development.  The major resource mobi l isat ion concerns revo lve around 

government support  and publ ic funding. The government support  was in the 

form of subsidy plans such as ecoENER GY in Canada, and federal tax 
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incent ives in the USA (sect ion 6.3.2i ,  6.4.1 i  and 6.4.5i) .  Interv iewee 5 stated 

that “… the lack of  governmenta l support  fo r TSC projects makes the 

Canadian market a very uncerta in one for TSC. Without government  funding, 

TSC wi l l  not enjoy wide -sca le adopt ion”.  Interv iewee 4 furthermore  

expressed the need for government support  stat ing that “…  [what ]  helped to 

develop the market [ in the USA]  is  the federal tax incent ive,  the 30% tax 

incent ive for those who choose to  invest  in  instal l ing the technology on the ir 

bui ld ing”.  Nonetheless, most of  the TSC manufacturers in North America are 

doing thei r in -house R&D as they can bear the associated f inancia l  burden of  

research and deve lopment ( Interviewee 4).   

In terms of human cap ita l ,  there are no speci f ic  stat ist ics  on employment  

in solar a i r  heat ing in  North Amer ica. The workforce in the Canadian solar 

industry is targeted to be 35,000 jobs by 2025 (sect ion 6.4.4i ) .  The province 

of  Ontario,  for instance, is target ing 6,400 jobs in solar industry by 2020, out 

of  a provincia l  p lan o f  27,000 in the Clean Energy Plan 2.0 (Weis et  a l .  

2010).  Educat ion seminars and courses (sect ion 6.4.3 i)  help  a prof ic ient 

fu l f i lment of  such jobs and strengthens the capabi l i ty of  the workforce.  

 RESOURC E MOBIL ISATION IN  THE UN ITED K IN GD OM  ii)

Government support  in  the UK, as expla ined in sect ion 6.3.2 i i ,  remains in  

the very early stages. Further potent ia l  resource mobi l isat ions were bui l t  up 

accord ing to th is ant ic ipat ion of  government support  to increase the nat ional 

level.  Some government funding for research and development was avai lable 

through Welsh government funding for the SBEC project  (sect ion 6.3.3i i ) .  

Further funding was made avai lable th rough the Welsh government to 

research and dif fuse the use TSC in Wales. The TSC ent repreneurs were 

st i l l  expected to make a sign if icant contr ibut ion to the research and 

prototyp ing fund (In terviewees 1 and 3) .  

Certa in actors in the UK intend to encourage the deployment and 

awareness of  TSC through educat ion and tra in ing. Card if f  Universi ty,  for 

example,  is deve loping relevant CPD through WEST (sect ion 6.4 .3i i ) .  The 

development of  the software (SBET) that is being made avai lab le to supply 

chain and other actors (sect ion 6.4.1 i i )  is  a good example of  potent ia l  
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resource mobi l isat ion that encourages the deployment and knowledge 

exchange of TSC technology in the UK and main land Europe (Interviewee 3).  

6.4.7  FUNCTION  7:  LEGIT IMAC Y  

As re fers to  the socia l  acceptance and advocacy grouping,  th is funct ion 

was expla ined in sect ion 3.3.4vi i .  The act iv i t ies below main ly re late to publ ic  

percept ion, legi t imacy versus demand, behaviour,  media and lobbying 

groups.  

 LEGIT IMAC Y IN  NORTH  AMER ICA  i)

There is no wel l -known consumer party or  buyer-sel ler  coal i t ion from the 

avai lab le data.  In  spi te of  the importance of  the lobbying act iv i t ies,  i t  of ten 

occurs behind closed doors (Vasseur et  a l .  2013).  The advocatory coal i t ions 

of  solar energy technologies instead, are apparent ly act ive in the USA and 

Canada. The exis tence of  internat ional organisat ions such as Solar Ai r  

Heat ing Wor ld Indust ry Associat ion (SAHWIA) and nat ional groups l ike 

CanSIA and CSA (sect ion 6.3.3i )  enr iches lobbying act iv i t ies towards the 

support  of  researching and deploying so lar  energy in general,  and TSC in  

part icular.  The co l laborat ion with academia adds further sign if icant st rength 

to the legit imacy acceptance of  TSC te chnology. The end-users usual ly  t rust  

the academic research as independent.  The consumers of ten treat the 

manufacturers’  reports as prof i t  d r iven and biased as noted from the 

quest ionnaire results.   

On the other hand, the drop of  natural gas  prices (sect ion 6.4.5i )  as the 

incumbent source for  heat ing represents an indirect  res istance to the 

deployment o f  TSC technology in the USA and Canada.  

Exchanging experience and feedback of  the end -users who deployed the 

TSC (sect ion 6.4.4 i )  benef i ts pub l ic  percept ion  and increases deployment ,  

especia l ly i f  these test imonials are trustworthy and posit ive.  Interviewee 5 

stated that “ the genera l percept ion of  those that have instal led i t  is  that they 

are very happy with i t .  We conduct sat isfact ion surveys which ind icate th is  

and also have many repeat customers” .  Awareness and percept ion in  

Canada and the USA were d iscussed in chapter 7.  
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 LEGIT IMAC Y IN  T HE UN IT ED K IN GD OM  ii)

The TSC industry in the UK remains quite far f rom forming legit imate 

lobbies,  due to the format ive phase of  the emerg ing technology. Interv iewee 

2 stated that “ [ i t  is]  very ear ly days to be honest … i t  hasn’ t  gone out on a 

big scale” .  The end-users,  des igners and pol icy makers need to see 

successful  prototypes and independent performance reports  as ment ioned by 

Interv iewee 1 (sect ion 6.4.4i i ) .  Nonethe less,  the entrepreneurs wi th a few 

other actors in the UK try act ively to shape a potent ia l  lobby  (Interviewee 3).  

This approach by the entrepreneurs is inf luenced by the many avai lab le 

European and UK organisat ions or t rade associat ions who are dominated by 

certa in systems or  technologies l ike PV and biomass. The TSC 

entrepreneurs fee l they have  “…a re lat ively small  vo ice in th is area” 

( Interviewee 1).  The TSC actors in the UK focus furthermore on end-users 

through connect ions with “…people who have … the voice of  the customer 

and voice of  … supply chain…”  ( Interviewee 2).  

 INTERA CTION BET WEEN  TECH NOL OGICAL INN OVA TION  FU NCTION S  6.5

Fol lowing on from the invest igat ion o f  funct ional fu l f i lment,  the st rengths 

and weaknesses o f  interact ion between the funct ions for TSC TIS 

development must be assessed. Th i s sect ion evaluates the major interact ion 

patterns in North America as a leading example, and then considers the UK 

si tuat ion. After ident i fy ing the stage of  deve lopment in each reg ion, the key 

interact ion patterns are reported.  

6.5.1  FUNCTION  INT ERACT ION S IN  NORTH AMERIC A  

The TSC in Canada and the USA is in  the growth phase of  TIS 

development.  A number of  v i r tuous cyc les have been ident i f ied:   

Knowledge deve lopment cycle  (F ig.  6-6):  start ing from strong guidance 

(+Funct ion 4 ) through road maps, future targets,  and recommendat ions to 

deploy so lar thermal  such as by CanSIA and ASHRAE to encourage 

knowledge creat ion (+Funct ion 2) .  The R&D and prototype experience 

(+Funct ion 2)  increased knowledge di f fus ion through networks (+F unct ion 3).  

Therefore,  the advocatory coa l i t ion (+F unct ion 7) ga ined conf idence and 
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posit ive percept ion about TSC which lead to high expectat ion of  the 

technology which has been considered in the road maps (+F unct ion 4).  This 

in turn re inforces  academic and appl ied research and educat ion course 

design (+Funct ion 2 ) which supports knowledge exchange through academia 

and trade co l laborat ions (+Funct ion 3).  

 
Figure 6-6: Virtuous knowledge deve lopment  cyc le in North Amer ica, author  
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strengthened the lobbying (+Funct ion 7) which increased the gu idance o f  the 

search and expectat ions (+Funct ion 4) that support  the f inancial  support ing 

plans (+Funct ion 6 ) for  further growth in  the TSC market (+F unct ion 5).  
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Figure 6-7: Virtuous implementat ion cyc le in  North America, author  

However,  in Canada, a vic ious implementat ion development cyc le (Fig .  

6-8) was not iced due to the stoppage of the ecoENERGY federa l incent ives 

plan as a f inancia l  resource ( -Funct ion 6).   

 

Figure 6-8: Vic ious implementat ion cycle in Canada, author   
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This in terrupt ion ,  due to the stoppage of the ecoENERGY federal 

incent ives plan as a f inancia l  resource ( -Funct ion 6 ),  af fected the 

deployment  of  the technology by end -users ( -Funct ion 7 ) which in turn 

decreased the demand in the local mar ket  ( -Funct ion 5 ).  The decreased 

demand would therefore exc lude new entrants to the marketplace ( -Funct ion 

1) and might push ex ist ing smal l  entrepreneurs to exi t  the market or change 

business. Accord ingly ,  government support  for research and deployment ( -

Funct ion 6 ) wi l l  be shif ted to other technologies which in turn  shif ts  the 

at tent ion of  the publ ic  ( -Funct ion 7).  

An of fshoot of  the v ic ious cyc le just  descr ibed fo l lows. The decrease in 

deployment  by the publ ic  ( -Funct ion 7 ) increased export  act iv i t ies (+Funct ion 

5) which grew in response, that in turn inf luenced posit ive internat iona l 

knowledge dif fusion (+Funct ion 3) deve loping a vir tuous cycle.  However,  th is 

pattern is not included in the above v ic ious cycle.  

6.5.2  FUNCTION  INT ERACT ION S IN  TH E UNIT ED K INGDOM  

In the UK the TSC remains in the format ive phase of  TIS. The evaluat ion 

of  the TIS funct ions in  the UK indicates a promis ing potent ia l  of  knowledge 

creat ion through act ive TSC ent repreneuria l  act iv i t ies.  Other funct ions show 

low act ive fu l f i lment,  which is expected for a system in the format ive phase. 

These funct ions are knowledge d if fus ion, market format ion,  resource 

mobi l isat ion and leg it imacy.  However a  number of  act iv i t ies are potent ia l ly 

fu l f i l l ing those funct ions, as described ear l ier (sect ion 6.4).  A few dist inct  

interact ions were observed f rom the co l lected data.   

Almost s imi lar  to North  America, a vi r tuous knowledge deve lopment  cyc le  

(F ig.  6-9) was not iced start ing from guidance (+F unct ion 4) through the UK 

vis ion to cut CO 2  emissions by 80% by 2050. This v is ion t r iggers resource 

mobi l isat ion by employ ing or developing workforce (+F unct ion 6).  Therefore,  

knowledge creat ion through academic research and R&D is  encouraged 

(+Funct ion 2 ) which in turn encourages new supply chain  entrants 

(+Funct ion 1).  Th is leads to knowledge exchange (+F unct ion 3) that 

increases expectat ion and guidance (+F unct ion 4).  The further expectat ions 

inf luence the inducement of  government  support  p lans such as Green Deal 
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(+Funct ion 6 ) which increases R&D and patents (+F unct ion 2) and leads to 

wel l -deve loped and compet i t ive technologies (+F unct ion 1).  The 

advancement o f  TSC products leads to advance d knowledge exchange with  

supply chain  and more t ra in ing courses through academia (+F unct ion 3 ) 

which strengthens the guidance and expectat ions f rom TSC technology 

(+Funct ion 4 ).  

 

Figure 6-9: Virtuous knowledge deve lopment  cyc le in the UK, author  

A potent ia l  v ic ious pat tern was a lso observed. For example,  the absence 
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ident i f ied as a vic ious cyc le in th is chapter.  The need for codes and 

regulat ions is however highl ighted in the enablers to technology deployment  

in chapter 7.  
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 SUMMAT IVE COMPARISON BET WEEN  NORT H AMERICA AND TH E UN ITED  6.6

K IN GD OM OF TH E TSC  TIS 

Having invest igated the di f ferent st ructures and aspects of  the TIS in  

North Amer ica and the UK for TSC technology, there are dist inct  d i f ferences 

between the reg ions.  Over the last  three decades, North America has 

establ ished research and market components versus the recent launch of  the 

TSC in the UK. The UK actors however seem committed to reducing the gap 

with in f ive years,  in  order to lead the European marketplace for TSC 

technology. Table 6 -1 presents a concluding compar ison between both 

regions based on the a forement ioned analys is of  TIS structura l components.  

Table 6-2 presents a compar ison of  the funct ions, whereas Table 6 -3  

compares the interact ion between funct ions in North America and the UK.  

Table 6-1: Comparison of  TSC TIS st ructural components in North Amer ica 
and United Kingdom  

Components  North America  United Kingdom 

Actors  -  Large number and s ize wi th 
substant ia l  resources and 
capabi l i t ies.   

-  Entrepreneurs focus  on both 
local  market  and export .  

-  Limi ted number.   

-  Focus on the local  market  
wi th an open eye on the 
European market .   

Insti tut ions  -  Mult i -purpose and var ious 
incent ive p lans .  

-  Encourag ing bui ld ing codes.   

-  Stoppage to the Canadian 
federal  subsid ies p lan af ter  
TSC matur i ty  encouraged 
exports  bu t  decreased local  
adopt ion of  TSC in Canada.  

-  One incent ive p lan ‘Green 
Deal ’ .  

-  No part icu lar  establ ished 
standards or  codes for  TSC.  

Networks  -  Strong t rade and learning 
networks.   

-  Caut ious  communicat ions 
due to market  compet i t ion 
and IPP.  

-  Act ive potent i a l  learning  
networks wi th supply  chain 
and research.  

-  Knowledge exchange 
however  remains  l imi ted .  

-  Potent ia l  pol i t ica l  networks.   

-  Start ing advocatory coal i t ion 
networks wi th academia and 
compet i tors .  
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Table 6-2:  Compar ison of  TSC TIS funct ions in North America and United 
Kingdom  

Funct ions  North America  United Kingdom  

Funct ion 1:  
Entrepreneuria l  
Activ it ies  

-  Accumulat ion  of  numerous 
act iv i t ies s ince the 1980s.   

-  New entrants.   

-  Further system 
advancements l ike  SolarWal l  
2-Stage and NightSolar®.  

-  Constant  development and 
rev is ion of  RETScreen 
sof tware.  

-  Funct ion is  fu l f i l led .  

-  A few prototype projec ts .   

-  Ambi t ious and commit ted to 
shorten the North American 
exper ience.   

-  Busy ent repre neur ia l  d ia ry .   

-  Encourag ing supply  chain to 
enter  the market .  

-  Launch of  SBET sof tware.  

-  Funct ion is  a lmost  fu l f i l l ed;  
however ,  there is  an absence 
of  new ent rants.  

Funct ion 2:  
Knowledge 
Creation  

-  Several  patents  and 
advancement o f  TSC were 
recorded.  

-  Independent  en trepreneurs ’  
in-house R&D.  

-  Further research through 
univers i t ies and government 
organisat ions.  

-  Funct ion is  fu l f i l led .  

-  A few ‘ learning by  
researching’  act iv i t ies  
through t ies wi th Cardi f f  
Univers i ty .  

-  An access to  ‘ learning by 
doing’  fo r  some supply  chain 
actors and researchers.  

-  Funct ion is  fu l f i l led .  

Funct ion 3:  
Knowledge 
Dif fusion  

-  Educat ion  courses are 
avai lable th rough 
profess ional  col laborat ion.   

-  The ent repreneurs became 
highly  caut ious  and veered 
towards knowledge 
protect ion versus knowled ge 
exchange.  

-  Limi ted inte rnat ional  
knowledge exchange.  

-  Funct ion is  fu l f i l led .  

-  Potent ia l  des i re fo r  
knowledge exchange wi th 
l imi ted number of  
publ icat ions.  

-  CPD is  avai lable th rough 
Academia.  

-  Low act ive fu l f i lment  o f  the 
funct ion.   
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Table 6-2 Continued (1): Comparison of  TSC TIS funct ions in North  
Amer ica and United Kingdom  

Funct ions  North America  United Kingdom  

Funct ion 4:  
Guidance of 
the Search  

-  Vibrant  road maps that  
inc lude solar  thermal  
technologies which in tu rn 
t r igger  research and 
investment in  TSC.  

-  TSC is  supported by 
independent  research and 
cert i fy ing associat ions 
(USDOE, ASHRAE and 
LEED).   

-  Certa in degree o f  
d iscouragement by the 
s toppage o f  the  Canadian 
federal  incent ive p lan 
‘ecoENERGY’.  

-  Funct ion is  a lmost  fu l f i l l ed 
despi te  the Canadian federal  
subsid ies s toppage.  

-  Opt imist ic  road map but  has 
no c lear p lan fo r  sola r  
energy fu ture .  

-  No speci f ic  v is ion of  TSC 
apparent  f rom government.  

-  Low act ive fu l f i lment  o f  the 
funct ion.  

Funct ion 5:  
Market  
Formation  

-  Almost  incumbent 
technology.  

-  Reasonably  large and 
dominant  local  market .  

-  Growing export  share  to 
internat ional  market .  

-  Funct ion is  fu l f i l led .  

-  Fragmented supply  chain 
actors focusing on the local  
market .  

-  Low number o f  insta l la t ions.  

-  Low act ive fu l f i lment  o f  the 
funct ion.  

Funct ion 6:  
Resource 
Mobil isation  

-  Ful ly  independent  sel f -
funding for  the in -house 
R&D.  

-  Several  funds remain 
avai lable in the form of  
incent ive p lans .  

-  Growing targets of  futu re 
human resources.  

-  Speci f ic  educat ion courses 
are avai lable.  

-  Funct ion is  fu l f i l led .  

-  Potent ia l  avai labi l i ty  of  
research and prototyping 
funding.  

-  The ent repreneurs share  part  
of  R&D funding.   

-  In t roduc t ion o f  incent ive  p lan 
‘Green Deal ’ .  

-  Low act ive fu l f i lment  o f  the 
funct ion.  

 

  



HASAN JAMIL ALFARRA CHAPTER 6 || TECHNOLOGICAL INNOVATION DEVELOPMENT 

 

Page | 288  

Table 6-2 Continued (2): Comparison of  TSC TIS funct ions in North  
Amer ica and United Kingdom  

Funct ions  North America  United Kingdom  

Funct ion 7:  
Legit imacy  

-  Apparent  v is ion by 
government  increases  
conf idence o f  ent repreneurs 
and end-users.   

-  Existence o f  s t rong 
internat ional  and nat ional  
advocatory coal i t ion 
organisat ions.   

-  There is  indi rec t  
counteract ive res is tance due 
to low cost  of  natural  gas.  

-  A number of  end -user 
test imonia ls  and feedback 
are publ ished th rough the 
entrepreneurs .  

-  Funct ion is  fu l f i l led .  

-  General  understanding o f  the 
end-users ,  pol icy makers and 
designers requi rements.   

-  Potent ia l  p lans of  t rade 
lobbying.   

-  Limi ted successfu l  feedback 
stor ies are ready to be 
verbal ly  conveyed to 
potent ia l  benef ic ia r ies but  
noth ing wr i t ten ye t .  

-  Limi ted act ive  fu l f i lment  of  
the funct ion.  

Table 6-3: The interact ion of  TIS funct ions is compared between North 
Amer ica and United Kingdom 

Interactions  North America  United Kingdom  

Virtuous  

(major cycles)  

-  Knowledge development  
cyc le was recorded star t ing 
f rom guidance of  the search 
(Fig.  6 -7) .  

-  Implementat ion development 
cyc le was recorded star t ing 
a lso f rom guidance of  the 
search (Fig.  6 -8) .   

-  An of fshoot  o f  the  v ic ious 
cyc le below;  expor t  act iv i t ies 
were increased (+Funct ion 5)  
encouraging knowledge 
di f fus ion (+Func t ion 3 ) .  

-  Knowledge development  
cyc le was recorded star t ing 
f rom guidance of  the search 
(Fig.  6 -10) .  

-  Some other po tent ia l  cyc les 
were not iced at  weak 
interact ions yet .  

Vicious  

(major cycles)  

-  Vic ious implementat ion  cyc le 
was not iced in Canada due 
to the s toppage of  the 
federal  incent ive p lan.  That  
s tar ts  f rom resource 
mobi l isat ion (Fig.  6 -9) .  

-  There is  a cyc le s tar t ing  f rom 
guidance of  the search due 
to the absence o f  TSC 
speci f ic  codes and 
regulat ions.  I t  a f fec ts  
knowledge creat ion  
( -Funct ion 2 )  and there fore 
entrepreneur ia l  act iv i t ies  
( -Funct ion 1 ) .  
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 SUMMAR Y  6.7

This chapter has examined the fu l f i lment  o f  TIS st ructural components,  

funct ions and the important interact ions between these funct ions. Almost a l l  

the TIS funct ions have been act ively fu l f i l led in North Amer ica versus many 

funct ions that were potent ia l ly  fu l f i l led for TSC technology in the UK. There 

are several barr iers to  the TSC growth in the UK whic h have been ident i f ied 

(chapter 7),  however,  certa in barr iers exist  in North Amer ica as wel l .  The 

North Amer ican region has been considered as a leading successfu l example 

of  TSC development al though a few drawbacks exist  (e.g.  uncertainty in 

government support  and caut ious knowledge exchange).  On the other hand, 

the TSC in the United Kingdom remains at  a format ive stage.  

The comparison of  the whole TSC TIS helps to draw lessons in the form 

of enablers to technologica l dep loyment ,  which cou ld be adopted by UK 

entrepreneurs,  researchers and pol icy makers to  respond faster to address 

the development  of  TSC. These wi l l  be discussed in chapter 7.   
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CHAPTER 8          
CONCLUSION AND RECOMMENDATIONS 

Technological Innovation 
- Innovation Systems 
- Technological Change 
- TIS Components 
- TIS Functions 
- Interaction between Functions 
- Systematic Problems of Renewable 

Energy Technologies 

Qualitative 
NVivo 10 

Qualitative 

(Interviews and Online Data) 

Chapter 5: 
- Architectural Integration Perception and 

Quality 
- Awareness of TSC technology 
- Decision Make (who poses the    

authority of decision?) 
- Sustainability of TSC technology 
- Integration Challenges, preferences and 

recommendations 
- TSC Prototype design, construction and 

testing in Wales. 
 

Mixed-Methodology  

(Questionnaire) 

Quantitative 
IBM SPSS 
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 INTRODUCTION  7.1

This chapter  provides summat ive d iscussion of  the main f indings from 

analys is in chapters 5  and 6.  To show sat is fact ion of  the research aim and 

object ives (sect ion 1.4),  the discussion is structured in sect ions that 

represent  one or more object ives.  I t  sta r ts  with discussing ‘awareness’  of  the 

technology (sect ion 7.2) that is deemed to be low with in the design team and 

therefore hindering development  of  the t ranspired solar col lector (TSC). The 

roles of  decision making stakeholders are discussed in sect ion 7.3 :  the role 

of  the architect  is veri f ied as a design faci l i tator and the integrated design 

process (IDP) e luc idated as a  means to produce more consol idated 

archi tectural outputs (object ive 1.4i) .  Sect ion 7.4 discusses major  terms of  

archi tectural integra t ion al though some d iscussion on th is topic was included 

in chapter 5;  th is is to sat isfy  invest igat ion of  d i f ferent integrat ion 

preferences of  TSCs and hybrid  PV/TSCs (ob ject ive 1.4 i i ) .   

In response to  object ive 1.4vi i ,  barr iers  to  integrat ion and knowled ge 

dif fus ion are discussed in sect ion 7.5.  Th is is fo l lowed by sect ion 7.6 which 

highl ights a set of  potent ia l  enablers to integrat ing and deploying TSC 

technology. A set of  potent ia l  architectura l design prerequis i tes (sect ion 7.7)  

is  br iefed to ‘ ident i fy  needs of  arch itects,  engineers,  and bui ld ing 

profess ionals for improved arch itectural integrat ion qual i ty and f lexib i l i ty of  

solar  thermal energy ’ as stated in object ive 1.4iv.  

 AWA REN ESS OF  TR ANSPIRED SOLA R TECH N OLOGY  7.2

Having surveyed design team members  and other actors ,  the exist ing 

lack of  awareness of  TSC technology was examined to veri fy the hypothesis  

that lack of  awareness is h inder ing the deployment of  the technology in 

archi tecture (sect ion 1 .2 and object ive 1.4i ) .  The rate of  overa l l  awarenes s 

level of  wor ldwide survey respondents was 51.4% (n=665) inc luding 1.7%  

(n=22) experts.  According to B ird  and Sumner (2011) ,  costumer awareness 

for renewable power in the US was increased from 66% in 2007 to 71% in 

2010 versus 38% to 73% for  carbon footpr int  and 23% to 36% for carbon 

of fset in the same years.  In UK, 47% UK were reported not aware of  a ir  

source heat pumps (g lobalwarming isreal 2012 ).  Awareness of  one or more 
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renewable energy type in Finland for example was 95.2% versus 52.4% 

appreciate  importance o f  green energy as reported by E. Moula et  a l .  (2013)  

in thei r research of  soc ial  acceptabi l i ty  of  renewable energy. These 

renewable  energy types were hydropower,  wind, solar b iomass, b iofuel and 

geothermal energy sources.  

The comparat ively high expert ise rate of  engineers presented in sect ion 

5.4.1 was not surpr is ing as they represented mechanica l and energy f ie lds.  

Such engineers are expected to at ta in comprehensive knowledge of such 

technologies,  especia l ly when they integrate i t  into bui ld ings;  whereas 

archi tects would be expected to be interested in general specif icat ion and 

integrat ion schemes,  rather than have detai led knowledge about 

performance and mechanism.  

The high awareness of  Canadian part ic ipants (71.0%) was, to some 

extent,  expected as TSC technology was patented and innovated in Canada. 

Canada fur thermore is  the home country  of  the chief  four  TSC providers as 

i l lust rated in sect ion 2.4.4.  The low rate of  awareness by Amer ican 

respondents (41.4%) on the other hand, could be at tr ibutable to the fact  that 

space heat ing is less of  a requiremen t in the south-western part  o f  the USA 

where there is a stronger focus on cool ing rather than heat ing. This was 

ref lected in  some respondents’  comments f rom states in the south -western 

part  of  the USA such as Ar izona, the eastern part  of  Cal i fo rnia,  Hawaii ,  

Flor ida and South Carol ina. The part ic ipants f rom those trop ica l  and dry 

states (Ramirez 2008) were almost 18% of the total  USA respondents,  with 

overal l  awareness of  about 30%. Furthermore, the temperate reg ion s where 

almost 45% respondents reside have warm humid temperate c l imate unl ike  

the UK mild temperate cl imate.   Nonetheless ,  part ic ipants in a few eastern 

states with  most ly cont inental  c l imate  such as Pennsylvan ia and New Jersey 

were found to have a low rate of  awareness (below 40 %). Th is  could be 

related to plann ing guidel ines in those states,  but th is needs further 

invest igat ion which is beyond the scope of th is research. Overa l l ,  there was 

no strong stat ist ica l  associat ion between c l imat ic regions and the awareness 

with in the USA.  
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The re lat ively high awareness among part ic ipants work ing on industr ia l  

projects may be related to the fact  that most  of  the ex ist ing TSC instal lat ions 

are on indust r ia l  bu i ld ings.  A possible reason for the h igher rate of  

awareness in consu l tancy is that consul tants are of ten targeted by 

entrepreneurs and suppl iers to  market  thei r  products.  The consul tants and 

designers are therefore the f i rst  step on the knowledge dif fus ion phase of 

innovat ion as ind icated in sect ions 5.4.3 and 6 .4.2.  Academics are 

cont inuously explor ing new technologies and furthermore, knowledge 

creat ion of ten starts f rom academic research. Therefore,  consu ltants and 

academics are usual ly expected to be up - to-date with innovat ive bui ld ing 

technologies.  

I t  should  be recognised that there is a h igh commitment towards the 

contr ibut ion o f  so lar  energy technolog ies to  a susta inable bu i l t  envi ronment 

(91.4%) as presented in sect ion 5.4.2.  Part ic ipants in re levant surveys such 

as Horvat  et  a l .  (2011)  and Farkas and Horvat (2012)  showed more than 80% 

support  for the importance of  solar energy in architectura l pract ices. Th is  

high rate of  agreement  might const i tute a bias.  I t  can be presumed that most 

of the part ic ipants have an interest in the survey’s sub ject  or they would not 

part ic ipate,  as po inted out by Baruch (1999)  in  sect ion 5.2.  Only a  few 

invi tees rep l ied to the ir invi tat ion by s tat ing their inabi l i ty to part ic ipate as 

the topic was not of  their interest.  Furthermore, so lar energy is of  increasing 

interest to bui ld ing industry specia l ists fo l lowing the estab l ishment of  

accred itat ion standard s, such as LEED. 

 DEC IS ION MAK IN G  7.3

I t  is deemed fundamental to ident i fy the actors who make the decision to 

integrate TSC technology. Ident i fy ing decis ion makers corresponds to 

object ive 1.4i .  The proper ident i f icat ion would prov ide di rect ion of  the 

research, deve lopment and deployment paths and strateg ies of  the 

technology. A l ist  of  possib le decis ion makers was exp lored and the actor 

categories found to have the most sign if icant inf luence on the decision 

making process ( i .e .  c l ient ,  arch itect  and IDP team) are discussed further  
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below. Further actors remain essent ia l ,  especia l ly entrepreneurs,  pol icy 

makers and researchers whose roles were h ighl ighted in chapters 3,  5 and 6.  

7.3.1  CLIENT  

The cl ient,  or the developer,  was found to be the principa l decis ion 

maker for accept ing the use of  TSCs in a bu i ld ing. The ro le of  the cl ient is 

decis ive, especia l ly when the decision involves cost,  budget a l locat ion, 

aesthet ics and energy sav ing. Th is  feature of  the c l ient  was apparent f rom 

the results in sect ion 5.4.3 (Figs.  7 -1 and 7-3).  The c l ient as an ult imate 

decis ion maker was conf irmed earl ie r by Cole (2008) (sect ion 3.2.2,  Fig.  3 -

3).  The c l ient ’s  decision of ten fo l lows the recommendat i on of  the arch itect ,  

engineer or project  manager (sect ion 5.4 .3i i i ) .  Th is f ind ing conf irms the 

l i te rature  by BC GBR (2007)  and Larsson et  a l .  (2002)  in sect ion 3.2.2i  in 

regards to the ro le of  the arch itect :  th is is d iscussed in further  det ai l  in 

sect ion 7.3 .2 .  

 

Figure 7-1: Authori ty of  decision to use TSCs in  domest ic bui ld ings (number 
of  part ic ipants,  percentage of  total  responses of  a mult ip le answer quest ion) 
presented in  F ig.  5 -12  

Acknowledging the s ignif icant ro le of  c l ients  in achieving acceptance of 

new technology, ent repreneurs classif ied c l ients into three types (sect ion 

6.3.1i i ) :  

1. those who wished to comply with regu lat ions f or renewables,  
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2. those aware of  the economic value o f  TSCs,  

3. sustainab i l i ty stewards.  

Working on such classif icat ions might help entrepreneurs to create 

development p lans to  meet di f ferent mot ivat ions.  

In the survey of  Farkas and Horvat (2012)  c l ients were found to be 

disinterested in f inancing solar technologies (sect ion 3.2.2 i) .  Th is study has 

further  found that c l ients have severa l reasons behind th is non - interest:  

-  lack of  awareness or fami l ia r i ty,   

-  re luctance to include new technology,  

-  absence of  successful and accessible prototypes,  

-  cost ef fect iveness.  

This wi l l  be fur ther d iscussed as barr iers to deployment  in sect ion 7.5.  

7.3.2  ARCHIT ECT  

The role of  the archi tect  is seen as part icular ly key where they are 

princ ipal ly deemed to be design faci l i tators (sect ion 1.2);  th is was explored 

in th is study. The architect  is usual ly the f i rst  hand faci l i tator in integrat ing 

technologies (Fig.  7 -2) .   

 

Figure 7-2: The decision maker of  t ranspired so lar thermal integrat ion 
scheme (number of  part ic ipant s,  percentage of  total  responses of  a  mult ip le 
answer quest ion) presented in F ig.  5 -15 
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The arch itect  was also found to be the key decis ion maker on 

conf igurat ions such as locat ion, or ienta t ion,  posit ion and s ize,  which have a 

strong impact on the potent ia l  integrat ion of  solar  technologies general ly and 

TSCs in part icular.  

The arch itect  is general ly responsible for  address ing aesthet ics in  

design, mult i - funct ional materia ls of  the bui ld ing enve lope, funct ion of  

integrated technology, indoor healthy envi ronment,  maintenance, and 

compl iance with loca l  authori ty regulat ions. Th is,  moreover,  conf irms the 

statement of  Prowler and Vierra (2008)  and Cole (2008)  in sect ion 3.2.2 that 

the realm of the arch itect  extends beyond integrat ing technological e lements 

to inc lude publ ic acceptance, soc ial  inf luence and envi ronmenta l context.  

Moreover the archi tect  is a design tea m leader and makes 

recommendat ions to the cl ient.  In th is ro le,  the architect  has st rong input 

into the decis ion making process (sect ion 5.4.3).  The arch itect  was 

previously acknowledged by BC GBR (2007)  as ent i re ly responsib le for the 

design concept and of ten in i t ia tes,  coord inates, and leads the IDP team 

(sect ion 3.2.2 i) .  

7.3.3  INTEGRAT ED DESIGN PR OC ESS ( IDP)  

The dif ferences be tween the convent ional  design process and the 

integrated design process (IDP) were explained in sect ion 3.2.2.  In 

part icular,  the importance of  the IDP team in large,  complex non -domest ic 

bui ld ings was ref lected by the respondents in the results.  The IDP t eam was 

considered to have more author i ty than the archi tect ,  a l though less than the 

cl ient ,  when decid ing to source TSC technology (F ig.  7 -3).  However,  the 

archi tect  was considered to have more authori ty than the IDP team in th is  

matter for domest ic bui ld ings. The importance of  IDP teams in non -domest ic 

over domest ic bui ld ings was expected due to the complex ity of  many non -

domest ic bui ld ings.  
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Figure 7-3: Authori ty  of  dec is ion to use TSCs in non -domest ic bui ld ings 
(number of  part ic ipant s,  percentage of  tota l  responses of  a more than one 
answer select ion quest ion),  presented in F ig.  5 -13  

The ro le of  the arch itect  in the design process was perceived dif ferent ly  

among the respondents in re la t ion to the rules and concept o f  the IDP 

process. A simi lar d i f ference was reported in the survey of  Horvat et  a l . 

(2011) for la rger and more complex over smaller and less complex proje cts 

considering solar app l ica t ions.  The part ic ipants in  Horvat  et  a l .  (2011)  

reported ly favoured consult ing a mul t id iscip l inary IDP team over an 

indiv idual arch itect .   

I t  became apparent  that there is increasing interest in IDP in 

archi tectural des ign and a percept ion that i t  encourages better integrat ion 

schemes for  the TSC and other bui ld ing -in tegrated renewable technologies.  

The use of  IDP is especia l ly important when there are ho l ist ic des ign 

object ives (accessibi l i ty,  aesthet ics,  cost e f fect iveness,  funct ion,  h istor ic 

preservat ion, p roduct iv i ty ,  secur i ty and sustainabi l i ty )  noted by Prowler and 

Vierra (2008)  in sect ion 3.2.2.  The analys is of  IDP in th is st udy corresponds 

to indi rect ly e luc idat ing the process which produces more consol idated 

archi tectural outputs (object ive 1.4i i ) .  
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 INTEGRAT ION OF TSC  IN  ARCH ITECTUR E  7.4

A conclus ion from sect ion 5.6.2i i  was that the TSC could be an 

acceptable technology for  int egrat ion in  both new and refurbished bui ld ings. 

The fo l lowing topics are relevant to arch itectural integrat ion that correspond 

to the object ives below:  

-  Invest igate  di f ferent  funct iona l and aesthet ic  integrat ion 

preferences of  TSCs and hybrid PV/TSCs, and f ind out the 

preferab le opt imum architectural integrat ion scheme for arch itects 

and end-users (ob ject ive 1.4i i ) .  

-  Understand the archi tects’  percept ions and recommendat ions o f  

bui ld ing - integrated t ranspired so lar thermal technologies (object ive 

1.4i i i ) .  

-  Ident i fy the needs of  arch itects,  engineers,  and bu i ld ing 

profess ionals for improved architectura l integrat ion qual i ty and 

f lex ib i l i ty of  solar thermal energy (object ive 1.4iv) ,  in a form of 

design prerequisi tes.  

7.4.1  V ISUAL  PERCEPTION  

I t  was apparent f rom the analysis and explanat ions in the resul ts 

(sect ion 5.5) that there is  a general acceptance of  TSC integrat ion in 

bui ld ing enve lopes, part icular ly for facades. Although the hybrid  TSC/PV 

example of  St Margueri t  Bourgeoys School was considered almost  

unacceptable due to the fact  that the panels seemed to be addit ional to the 

façade, further wel l -designed integrated examples at ta ined a bet ter rate of  

acceptance. The roof integrat ions were not h ighly favoured by architects in 

terms of aesthet ics and were general ly  ranked ‘neutra l ’ .  A lbeit  comments 

clar i f ied that ‘neut ral ’  was considered as meaning ‘ just  good’ for some 

instances; a l though that was not i ts p lanned meaning in the survey. 

Therefore,  the part ic ipants inferred that  archi tects  would accept roof 

integrat ions as long as the roof was out  of  s ight.  This  corresponds to 

aesthet ic  preferences of  in tegrat ion in the research object  being targeted 

(object ive 1 .4i ) .  
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The examples presented in th is study were more advanced than the two 

previous TSC examples presented  to European architects by Probst and 

Roecker (2011) ; .  one of  which was a hangar and the other a gymnasium. 

Therefore,  architectural integrat ion of  TSCs in resident ia l  and commerc ial  

bui ld ings seems promising, especia l ly i f  the integrat ion f i t s wel l  with the 

archi tectural des ign concept .  

Aesthet ics was considered less important than the funct ional and mult i -

funct ional  ro le even by architects;  however,  i t  remains an integra l part  of  

design integrat ion.  The ‘ inv is ib le incent ive ’ appeared to be a strong driver 

behind the rat ing of  the examples presented in sect ion 5.5  and the 

accompanying comments.  As an incent ive,  i t  leads the acceptance, creat ion 

and dif fusion of  integrat ion deve lopment which cont r ibutes to the overal l 

acceptance of  TSC: the technology that remains undervalued as descr ibed in  

sect ion 3.2.3 i i i .  The support  for the ‘ inv is ib le incent ive’ was ev ident in the 

top rat ing given to invis ib le TSC integrat ion in the Ann Arbor Munic ipal 

Bui ld ing (sect ion 5.5.1 i)  among other examples.  

The select ion of  invis ib i l i ty versus featured integrat ion of  TSCs (sect ion 

5.6.3i)  was highly inf luenced by the architectural style that the respondents,  

especia l ly  the archi tects,  would l ike to fo l low. Th is might a lso indicate the 

fo l lowers of  h igh -tech or post -modern archi tecture s tyle for instance. The 

High-tech style emerged in the 1970s as a bridge between modern and post -

modern s tyles of  architecture.  The High -tech style supports the incorporat ion 

of  industr ia l  and technological e lements into bui ld ing design as an 

expressed feature.  In the 1980s, the High -tech style became barely 

dist inguished f rom the post -modern sty le as many of  i ts ideas were absorbed 

into the language of the post -modern architectural schools (Hitchcock and 

Wurster 1937; Jencks 1977; Davies 1988).  Although the inf luence of  

archi tectural  sty les is not with in  the scope of th is  s tudy, i t  could  useful ly be 

considered in further studies especia l ly i f  the aim was to deve lop various 

possib le methods of  integrat ion.  

Arch itects  were most l ikely to oppose the use of  dummy panels (sect ion 

5.6.3i i ) .  However,  dummy panels  were incorporate d in the Ann Arbor 

Munic ipal Bu i ld ing (sect ion 5.5.1i )  which had the highest rate of  aesthet ic  
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acceptance over al l  the examples presented. This decis ion is l ikely to be 

inf luenced by the archi tectura l style of  design.  

7.4.2  POSIT ION  PR EFER ENC E OF TSC 

The int roduct ion of  imagery examples he lped understand ing of  the visual  

percept ion of  arch itects and other bui ld ing profess ionals pr ior to evaluat ing 

their  theoret ica l percept ion. The roof TSC/PV was the top preference for  

both domest ic  and non-domest ic  bu i ld ings in theoret ical  concept  (sect ion 

5.6.2i) .  However,  th is  contradicts the response to imagery examples of  

TSC/PV roof  integrat ion (sect ion 5.5.2i i )  wh ich had the lowest rat ings of  the 

seven examples being tested. I t  is  poss ible  that the roof instal la t ion was 

preferred due to the invis ib i l i ty of  the instal la t ion, especia l ly  s ince roofs are 

usual ly out of  s ight,  which was ment ioned by many respondents in the 

resul ts (sect ions 5.6.4 and 5.6.5).  Furthermore, the roof is general ly an 

unused space; therefore ,  there wi l l  be no compl icat ion for the façade design 

which adds to simpl ic i ty  and f lexib i l i ty (sect ions 5 .6.1i i  and 5 .6.1i i i )  of  

technology integrat ions as wel l  as envelope design. Moreover,  the roof was 

considered an opt ion by some part ic ipants due to th e possib i l i ty o f  achiev ing 

an opt imum angle of  incidence, as ment ioned by a consult ing engineer f rom 

England.  

Part ic ipant arch itects,  engineers and other bui ld ing academics and 

profess ionals expressed their theoret ical preference for the roof integrat ion 

scheme of hybr id TSC/PV technology for  both domest ic and non -domest ic 

bui ld ings. Façade integrat ion however,  was more acceptab le  for non -

domest ic bu i ld ings than domest ic.  Nonethe less,  wel l -des igned in tegrat ion 

schemes remain which deviate f rom this ru le;  a s was the case in the 

Currents Residence example of  TSC façade integrat ion (sect ion 5.5.1i i )  

which was rated by the respondents as the second highest  for both 

aesthet ics and mult i - funct ion. “For domest ic  i t  would depend on whether we 

are deal ing with mul t i - res ident ia l  or fami ly houses . . . ”  accord ing to a 

Scott ish engineer at  Nat ional Government with more than 15 years of  

experience.  
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The outcomes regarding posit ion preference form a theoret ica l guidance 

of  arch itectural  des ign in correspondence to the resear ch ob ject ive of 

invest igat ing preferences of  TSCs and hybrid  PV/TSCs (ob ject ive 1.4 i ) .  

Overa l l ,  there is no conclus ive agreement on a common acceptab le method 

of  integrat ion. The TSC posit ion ing preferences relate to in tegrat ion 

aesthet ics which remains the subject ive driver beh ind the evaluat ion of  

integrat ion schemes. This conf i rms the f indings of  Probst and Roecker 

(2011) that so lar  thermal  aesthet ics are  usual ly  perceived as an indef in i te  

and subject ive matter (sect ion 3.2 .3).  

7.4.3  PHASE OF INTEGRAT ION  

As ment ioned f rom the l i terature,  most of  the current solar insta l lat ions 

in general and TSCs in part icu lar were added later,  e i ther late in the design 

process or once the bui ld ing was const ructed, onto bui ld ing enve lopes. The 

respondents to the su rvey of  Farkas and Horvat (2012) ,  ind icated that 

Bui ld ing Added Solar  Thermal (BAST) was the most app l ied act ive so lar  

energy in  arch itectura l  integrat ion. This  t rend was not preferred by archi tects 

and bui ld ing stakeholders (sect ion 3.2.3).   

This study further explored th is  point  and found strong support  for  early  

integrat ion ( i .e.  sect ions 5.4.3i i  and 5.6.2iv) .  TSCs are considered suitable 

for in tegrat ing with in  the envelope , especial ly i f  considered at  the early 

stage of  design. Part ic ipants have extended th is for a l l  renewable energy 

technologies and sustainable e lements considered at  the outset  of  design.  

Achiev ing ear ly  integrat ion of  technology in  bui ld ings was found to sat isfy 

design compat ib i l i ty.  The early  integrat ion was recommended to take place 

at  the concept design ( i .e.  sect ions 5.6.2 and 5.6.3)  which corresponds to 

stage 2 ‘concept des ign’ in  RIBA p lan of  work (RIBA 2013).  An earl ier 

considerat ion cou ld also take place at  RIBA stage 1 ‘strateg ic def in i t ion’ or 

stage 1 ‘preparat ion and brief ’  when preparing the project  ro le table a nd 

assembling teams who have relevant experience in the technology. The 

considerat ion might be delayed for a reason, however,  key decis ion should 

be agreed on before ‘ technica l des ign’ ,  s tage 4.  Th is  was ment ioned by a  

part ic ipant f rom England with 15 years of  experience : “ th is ideal ly should be 
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discussed at concept s tage as is a  potent ia l  issue with plann ing and [ façade]  

t reatments - key decision should be agreed prior to RIBA Stage E design”  

that corresponds to s tage 4 in the revised  RIBA (2013) .  The decis ion of  

integrat ing the technology must  however take place at  any s tage before 

construct ion ,  RIBA stage 5.  Th is would  be appl icab le for new bui lkdings and 

before the re -const ruct ion for refurb ished/ex ist ing bui ld ing. The integrat ion  

and design deve lopment is  l ike ly to  span on the procurement  route  between 

RIBA stages 2 ‘concept design ’ and 3 ‘deve loped design’ whereas  technical 

detai l ing processes occur at  stage 4 ‘ technical design ’ .  

Early integrat ion  furthermore avo ids “…bolt -on after thought” which 

undermines publ ic percept ion of  bu i ld ing - integrated technologies (sect ion 

3.2.3).  I t  “…saves a lo t  of  construct ion, design and planning t ime, i f  the aim 

is  to  integrate the TSCs into the design as opposed to instal l ing i t  as a 

separate ent i ty”  as s ta ted by an academic engineer f rom Canada. The early 

integrat ion of  a technology in bui ld ings was also recommended by (Hestnes 

1999),  Yudelson (2009)  and Horvat et  a l .  (2011)  in sect ion 3.2.3i i .  

 

7.4.4  RATIN G PRIOR ITY  IN  RELATION T O RENEWABL E TECH NOL OGIES  

Among a l ist  of  technologies inc luding so lar hot water,  ground source 

heat pump, TSC, PV and hybr id TSC/PV,  solar water heat ing was the 

preferred technology considered for integrat ion in domest ic and non -

domest ic bui ld ings (sect ion 5.6.1i i  and i i i ) .  The preference for solar water  

heat ing refers to i ts  establ ishment  in res ident ia l  bu i ld ings (Hawkey 2012) i f  

compared to the experience of  TSCs and PV. This ind icates that further 

technological deve lopment (sect ion 3.3) is needed to help knowledge 

dif fus ion of  TSC and PV technologies.  This s tudy however is concerned wi th 

TSC technology, therefore chapter 6  an alysed the deve lopment  TIS of  TSC 

technology.  

7.4.5  MAINT ENA NCE EA SE AN D CL EANLINESS  

Mainta in ing and Cleaning the cavity could occur through removing the 

sides of  the TSC (they are screwed panels).  Furthermore, the col lector units 
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come in 600mm-wide sheets f ixed  to the grid channels;  these col lector  

panels can be removed for c leaning and maintenance and then reinstated. 

The holes however can be washed without panels being removed. 

Maintenance ease and clean l iness analysed and discussed as a chal lenge in 

sect ions 5.7.2,  5.9.1i i  and 7.3 .2.  I t  was therefore l isted to be further  

improved in sect ion 7 .6.1 and also l isted to be further considered in as a  

design pre-requisi te under simpl ic i ty and f lexib i l i ty in sect ion 7.7i i .  

Furthermore, Maintenance ease and clean l iness  are recommended to be 

considered in the Operat ion and Maintenance manuals and agreements must 

be avai lab le by manufacturers (sect ion 7.6.2  and 7.6.3).  

 BARRIER S T O INT EGRATION ,  KN OWLEDGE D IFF USION  AND  DEPLOYMENT  7.5

The barr iers  were grouped under f ive  categories (Fig.  7 -4)  and are 

introduced and d iscussed below.  

 

Figure 7-4: The barr iers to in tegrat ing and deploying TSC technology in  
bui ld ing envelopes and marketplace  
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This study a ims to  prov ide ins ight into archi tectural ly integrat ing 

transpired so lar thermal technology in  bui ld ings; th is inc ludes an 

invest igat ion of  the l imited adopt ion of  in tegrat ing and deploy ing TSCs 

(sect ion 1.4).  The study is a lso designed to ident i fy the barr iers to 

integrat ing TSCs (object ive 1.4vi i ) .  Informat ion was derived from both the 

surveyed part ic ipants in chapter 5 and the analysed qual i tat ive data in 

chapter 6 ( interviewed entrepreneurs,  on l ine related data and survey 

commentary text ).  

7.5.1  TECH NICAL  BA RRIER S  

The technica l barr iers are of ten re lated to the status of  the TSC 

technology in terms of development and maturi ty.  These barr iers inc lude:  

 IMMATU RE OR IN ADEQU A TE TECH N OLOGY  i)

Certa in respondents considered the TSC as an immature technology in  

need of further research and development.  Those part ic ipants were keen to 

consider a l ternat ive mature technolog ies instead (sect ion 6.5.1i i ) .  This was 

also admit ted by TSC entrepreneurs wh o ment ioned that TSCs, especial ly in  

the UK, need further  research and development in order to achieve a 

competent technology. Further research and development was also  

conf i rmed as a requirement  by IEA (2012) for a lmost a l l  solar thermal  

technologies .  The TSC current ly needs incen t ive p lans to stand in the 

market (sect ions 6 .4.2  and 6.4.4).  In Canada, the demand for the technology 

dropped severe ly fo l lowing the stoppage of the ecoENERGY incent ive plan 

(sect ion 6.4.5i ) .  Across the USA and Canada, TSC technology is a lso fac ing 

di f fus ion di f f icul t ies in the face of  decreased gas prices (sect ion 6.4.7i) .  

Part ic ipants in regions with short  heat ing seasons (sect ion 7.2) or those who 

are less used to mechanica l vent i lat ion (sect ion 5.8) consider  TSCs as 

inadequate for the ir  envi ronment.  Th e Canadian ent repreneurs are 

cont inuing to develop their products to meet some of these requirements,  as 

evidenced by patents for NightSolar® (SolarWall  2013) (6.4.1i )  and two-

stage cool ing (Hol l ick 2013) (6.4.2 i) .  
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 DESIGN  CH ALLEN GES  ii)

The TSC has cer ta in design requirements that should be sat isf ied for 

appropr iate performance; these requirements include orientat ion,  locat ion, 

shading issues, suitab i l i ty to her i tage bui ld ings, and early considerat ion in 

the design stage to  avoid poor appl icat ion. Most o f  these requ irements wer e 

highl ighted in sect ions 2.4.5,  3.2.4,  5.5 and 5.6.  These requirements were 

considered as chal lenges with in a mult i - faceted design process by survey 

respondents.  For example,  TSC was seen as compet ing with  dayl ight  by 

block ing the elevat ion. The chal lenge s would increase when designing in  

ci t ies and towns as ensuring free shadowing in future is not  an easy task. 

Instal lat ions may be ineffect ive in the future i f  new bui ld ings caused 

shading.  

 INACC ESSIBL E TECHNIC AL DATA  iii)

The absence of  technical data af fects knowledge dif fusion and decreases 

the chance of  deploying and improv ing TSC technology. Archi tects and 

designers were keen to access technical data (sect ion 5 .9.3) for 

considerat ion in  design; otherwise, the TSC is exc luded as an opt ion.  

Manufacturers’  reports  were not considered to contain t rustworthy technica l 

data (sect ion 6.4.3) as they were seen by designers and engineers as 

pushing towards increasing sa les (sect ion 5.9.1 i i i ) .  Ent repreneurs 

nonetheless were re luctant to re lease the bulk of  thei r techn i ca l data due to 

market compet i t ion and IPP issues (sect ions 6.3.3 and 6.4.3).  

7.5.2  INSTIT UTIONAL  BAR RIER S  

Here inst i tut ions re fer to organisat iona l ru les,  regu lat ions and 

informat ion (sect ion 3.3.3i i ) .  The fo l lowing inst i tut ional barr iers were found 

to be the st rongest h indrance to TSC knowledge dif fus ion and deployment:  

 LACK OF  IND EPEND ENT  SCIENT IF IC  PR OOF OF EVID ENC E  i)

End-users,  arch itects and other stakeholders were found to mistrust  the 

manufacturers (sect ion 5.9.1i i i ) .  Therefore,  there was st rong demand for  

independent sc ient i f ic  proof  based on rea l  pro jects  (sect ion 5.7 .1).  This 
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proof is needed to conf irm manufacturers’  c la ims in terms of  CO 2  reduct ion,  

energy sav ing, re l iabi l i ty,  and suitabi l i ty of  the technology for the purpose of  

space heat ing. The need for independent proof and successful  

demonstrat ion projects was fur ther admit ted by entrepreneurs ( sect ions 

6.4.3 and 6.4.4).  The end-users usual ly t rusted academic research as 

independent knowledge (sect ion 6.4.7 i) .  The exper imenta l proto type of  th is  

study (sect ion 5.10) was therefore conducted to prov ide prel iminary 

independent evidence that would be accessible by researchers and design 

stakeholders.  

 LOC AL AUTH ORIT Y PL AN NIN G LEGISLAT ION  ii)

The loca l authori ty was found to have a signif icant  ro le in  di f fusing ,  

deploying and integrat ing TSC and solar  thermal technolog ies (sect ion 

5.4.3).  The role of  the loca l authori ty was debated in regards to integrat ing 

TSCs with t radit ional bui ld ings (sect ion 5.6.2i i i ) .  Certain respondents were 

keen to fo l low local  authori t y ru les,  whi le others sought further  amendments 

to the current ru les in order to open the doors for renewable  energy 

integrat ion in bui ld ing envelopes. A th i rd group of  respondents were rely ing 

on the architect  to accept the chal lenge and to t raverse autho r i ty ru les to  

avoid further delays in  amending loca l authori ty ru les.  Similar f ind ings were 

reported by Lundgren et  a l .  (2004)  in the ir study of  PV in the Nordic 

countr ies and in the Netherlands. Nonetheless, the part ic ipants in th is study 

were from var ied regions in the world and argued that change is required at  

government  or designer level.   

 UNC ERTAINT Y IN  POL IC Y AND REGULATION S  iii)

Policy and regu lat ions can be sign if icant dr ivers to knowledge dif fusion 

(sect ion 7.5.2i i ) ,  but  only i f  the regula t ions support  the tech nology 

consis tent ly.  In Canada, TSC technology suf fered a setback when i t  was no 

longer inc luded in government incent ive plans (sect ion 6.4.5i) .  In the UK, 

inclusion of  TSCs in Green Deal instead of  the Renewable Heat Incent ive 

programme was also considered a setback (sect ion 6.3.2 i i ) .  Simi lar  ‘stop and 
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go’ pol ic ies have been appl ied to renewable energy technologies in many 

countr ies s ince 1981 (Negro et  a l .  2012a) (sect ion 3.3.6 i ia ).   

This uncertainty af fects the users ’  conf idence in the technology.  

Accord ing to Parkes (2012) ,  uncertainty is the most s igni f icant hurdle  

towards development especia l ly af ter estab l ish ing momentum in the r ight  

d irect ion. That uncerta inty is a  barr ier,  especial ly  for  renewable energy and 

new technologies,  was reported by several researchers includ ing Vasseur et  

a l .  (2013),  Leete et  a l .  (2013) ,  Foxon and Pearson (2007)  and Painuly (2001) 

(sect ion 7.5.4 i) .  

 M ISALIGN MENT IN  KNOWLED GE INFRA STRU CTUR E  iv)

There is  fundamental research be ing conducted in  universi t ies,  

nonetheless, there is a gap of  knowledge between academia and pract ice 

(sect ion 6.4.2i i ) .  Th is  gap has previously bee n reported by Negro et  a l .  

(2012a) in re lat ion to renewable technologies general ly .  This gap includes:  

-  The inabi l i ty of  t rans lat ing goo d research f indings into indust r ia l  

products.  

-  Dif ferent ia t ion between stra tegic  di rect ions in indust r ia l  and academic 

research. This was reported by Interviewee 1 and conf i rms the 

f indings of  Foxon et  a l .  (2005)  who ment ioned that “ lack of  st rategic 

direct ions in research fa i ls to increase the cooperat ion between 

universi t ies and indust ry”.  

This gap is  not universal however;  the industr ia l -academic re lat ionship  

for TSCs in the UK seems promis ing. These t ies app ly act iv i t ies o f  ‘ learning 

by doing’ ( i .e.  SBED project) and ‘ learn ing by researching ’ ( i .e.  SBEC). That 

inspi res researchers to develop further TSC research and gives conf idence 

to legislators to support  the technology (sect ion 6. 4.1i i ) .   

 LOW INST ITUTIONAL  SU PPORT  v)

New technolog ies of ten need support  to establ ish thei r posit ion in the 

market (sect ion 3.3.3i i i ) .  Government support  was therefore high l ighted as 

helping the adopt ion and deployment of  TSCs (sect ion 6.4.4 i) .  I t  was fur the r 
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stressed by UK part ic ipants as essent ia l  at  the current stage (sect ion 

6.4.5i i ) .  North Amer ican entrepreneurs regarded thei r governments as not 

seriously support ing TSC technology due to lack of  research funding and 

ef fect ive incent ive p lans (sect ion 6 .4 .6i ) .   

The inc lus ion of  TSCs in the Green Deal indicates some support  f rom the 

UK government (sect ion 6.4.6i i ) .  Th is inc lusion might indicate that pol icy 

makers have a degree of  conf idence in the technology, however s tronger 

support  is advocated by UK entrepreneurs (sect ion 6.3.2 i i ) .  Government  

associa t ions expect further  ev idence of  performance (sect ion 7.5.2 i )  in order 

to include TSCs in the government incent ive plan. Therefore,  the level of  

support  is  not necessari ly  a so le ob l igat ion o f  government,  rath er there is a  

responsibi l i ty on actors such as ent repreneurs and researchers to prov ide 

appropr iate ev idence.  Regard less o f  the reasons, low government support  

was found to be a hard inst i tut iona l barr ier (sect ion 3.3.6 i ia ).  Th is issue has 

also been experienced by the marine energy sector in the UK (Leete et  a l .  

2013).  

 LACK OF  COD ES AND  ST ANDARD S  vi)

Regulatory codes ( i .e.  bui ld ing plann ing and market t rading) have helped 

dif fus ion in  North America to a  certa in degree (sect ion 6.3.2 i) ;  however,  

there remain no specif ic codes to encourage bui ld ing integrat ion of  

renewable  energy in general or TSCs in par t icu lar.  S imi lar ly in the UK, the 

absence of  codes and standards support ing renewable energy (sect ions 

6.3.2i i  and 6.5.2) d iscourages knowledge creat ion and further development 

of  TSC technology. Th is barr ier was reported by Painuly (2001)  as a “ lack of  

regulatory f ramework” which leads to  a vola t i le market.  

7.5.3  ECON OMIC  BAR RIERS  

The economics of  integrat ing the technology is sign if icant  when 

considering energy saving, secur i ty and af fordabi l i ty.  Therefore,  part ic ipants 

f requent ly l ink cost issues to their responses (sect ions 5.4.1,  5.6.1 and 

6.3.1).  There are several economic barr iers which somet imes d i f fer f rom 

cl ients,  to pol icy makers,  to entrepreneurs,  accord ing to their  specif ic 
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interest in  TSC technology. Three of  the most common concerns hinder ing 

research, deve lopment  and deployment  of  TSCs are described be low:  

 COST EFF ECT IVEN ESS  i)

TSC manufacturers and a few re levant researchers have contended the 

technology is af fordable in cost (McLaren et  a l .  1998 ; Resouce Smart  

Business 2007; Hal l  e t  a l .  2011) (sect ions 2 .3 and 2.4).  The part ic ipants in 

th is study had a general  percept ion that  a l l  solar technologies are cost ly ,  

which adverse ly ref lected on TSCs (5.6.1 and 5.7.2).  This percept ion could 

be based on old data relat ing to hig h cap ita l  cost of  solar thermal absorbers 

in the 1970s (Kulkarni 1994, ci ted in  Qu et a l .  2010 ) (sect ion 2.3.2i i i ) .  

Another poss ibi l i ty is  that the part ic ipants were in f luenced by the high 

capita l  cost o f  PV panels (Kok 2009) (sect ion 2.3.2iv).  

Adding to the cost ef fect iveness concerns,  the economic depress ion in 

2008 found to have a probable impact on the di f fus ion of  TSC as highl ighted  

out by a few of  the part ic ipants includ ing an arch itect  England and another 

f rom Scot land which was supported by architects f rom the USA .  

Although TSC technology is proposed by TSC entrepreneurs as an opt ion 

to reduce the ROI t imeframe (sect ion 2.4.3),  th is knowledge does not appear 

to be wel l -d i f fused to  the relevant actors.  However,  in North Amer ica the 

benef i t  of  ROI is decreasing wi th the rem oval of  incent ive plans (sect ion 

7.5.2) and cheaper natural gas sources (sect ion 6.4.5i ) .  Classi fy ing cost 

ef fect iveness as a barr ier conf i rms Painu ly  (2001)  who l is ted barr iers to 

renewable  technolog ies as “economical ly not avai lable”  and “h igh cost of  

capita l ” .  

 ACC ESS T O DEVEL OPMENT FUN DIN G  ii)

Another cha l lenge towards development is  the access to inst i tut ional  

funding for research and development.  Although the North Amer ican 

entrepreneurs were keeping thei r R&D in -house (sect ion 6.4 .6i) ,  they 

acknowledged that inst i tut ional  funding is  a necessity  for  breakthrough in 

developing and deploying TSCs in the market.  In sp ite of  the potent ia l  

avai lab i l i ty  of  fund ing (sect ion 6.4.6i i ) ,  UK research on TSC technology 
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needs further f inanc ial  support  due to i ts emerging status in the 

marketplace. The ‘access to f inance’  was reported as a chal lenging barr ier  

towards the deve lopment of  renewable technologies by Parkes (2012).  

Furthermore, researchers in renewable energy such as Painu ly (2001)  

highl ighted the lack of  access to cap ita l ,  Foxon et a l .  (2005)  described the 

cruc ial  need for “both targeted and f lexib le support  for R&D” for UK 

renewable technologies,  and Leete et  a l .  (2013)  discussed the need of 

f inancia l  support  mechanisms in the UK to se ize the opportunity o f  

developing and deploying mar ine renewable energy.  

A fur ther cha l lenge is ‘h igh investment requirements ’  in TSCs which 

conf i rms Painuly ’s (2001) f indings that “h igh up - f ront cap ita l  costs for  

investors”  is a barr ier of  renewable development.  The high investment  

versus the stated l imited af fordabi l i ty  capabi l i t i es of  entrepreneurs 

encouraged the col laborat ion of  supply chain actors (sect ions 6 .4.1i i  and 

6.4.2i i )  and academia in the UK (sect ion 6.3 .3i i )  unl ike  the North Amer ican 

si tuat ion where the entrepreneurs are carrying out R&D in -house (sect ion 

6.4.6i) .  

7.5.4  SOCI AL BARR IER S  

The deployment and di f fusion of  TSC technology (s imi lar to any product) 

is condit ional on a successfu l re la t ionsh ip  wi th humans in society.  Th is  

category inc ludes barr iers that  re late to socia l  acceptance of  the technology. 

Acceptance here refe rs to regard ing the avai lab le TSC technology as 

suitable or adequate for use and adopt ion. The consumers, end -users,  

legis lators and designers,  genera l ly accepted the technical and aesthet ic  

qual i ty of  the current TSC (sect ion 5.9.1i i )  but were hesitant to  recommend 

using i t  in bu i ld ings (sect ions 5.6.1i i  and 5.6.1i i i ) .  Part ic ipants were most ly 

inf luenced by exist ing appl icat ions.  Th is inf luence has a  basis of  support  in 

the l i terature (sect ion 3.2.3) and in the quest ionnaire results (sect ion 

5.6.2iv).  In addit ion to awareness level  (sect ion 7.2) and consumer 

acceptance, there are various factors beh ind th is low acceptance. These are 

descr ibed below:  
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 FEAR  OR REL UCTANC E T O IMPL EMENT  NEW TECH NOL OGY  i)

I t  is apparent that  the decision to se lect  a technology is re lated to 

previous experience (sect ions 5.6.1 i i  and 6.4.4i i ) .  Th is issue was h ighl ighted 

in the l i terature review as a barr ier to the di f fusion of  new technology versus 

incumbent  technologies (sect ion 3.3.5).  People of ten regard thei r successful  

experience as the basis for future act ions. Those people can repeat simi lar 

act ions in a simi lar context wi th ease and simpl ic i ty;  a l though th is might lead 

to rout ine act iv i t ies that lack chal lenge, especial ly in architectural  

integrat ion of  TSC. The design chal lenge  was arguably regarded as a 

drawback (sect ion 7.5 .1i i )  whereas others regarded i t  as encouragement to 

improved design (sect ion 7.5.2i i ) .  

The fear of  new technology increases in absence of  independent reports 

(sect ion 7.5.2 i)  that imprints the percept ion of  technolog ica l immatur i ty 

(sect ion 7.5.1i )  in spi te of  the fact  that TSC was reported as a proven 

technology by researchers such as McLaren et  a l .  (1998)  and Hal l  et  a l .  

(2011) (sect ion 2.4.1) and as cla imed by manufacturers (sect ion 2.4 .4).  

 LACK OF  FA MIL IARIT Y  ii)

The lack of  appropr ia te knowledge  (sect ions 5.9.3,  6.4.3,  7.5.1i i  and 

7.5.2i)  and knowledge exchange (sect ions 5.9.1 and 6.4.4) leads to  

unfami l ia r i ty  in TSCs by cl ients and/or the design team. Fami l iar i ty must 

exceed basic awareness (sect ion 7.5.2) and must inc lude a degree of  e i ther 

theoret ical or pract ical  knowledge on TSC mechanism, per formance, design 

requirements and proven examples.  Th is  was apparent  f rom the high 

response rates of  awareness in TSCs (sect ion 5.4.1) versus the low rates of  

fami l ia r i ty and further  development needs (s ect ion 5.9.1) .  The low rate of  

fami l ia r i ty was furthermore reported by entrepreneurs as ‘ l i t t le market 

awareness’ by government and other TIS actors (sect ion 6.  4.3 i i ) .  

For example, the percentage of  awareness with in the UK for the local  

based Colorcoat Renew product (24.7%, n=37 in sect ion 5.9 .1i )  is rather 

low.  This low awareness might  be due to  the recent  launch,  year 2012, of  
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Colorcoat Renew® in compar ison to the SolarWall® in Canada and the USA 

that was launched in the 1980s (sect ion 2.4.1 ).  

7.5.5  MARK ET BARR IERS  

Several barr iers were found to hinder the development of  TSCs in the 

marketplace. The fo l lowing d iscussion inc ludes the most  s ignif icant  of  these 

barr iers:  

 COOPERATION  MOVES T O COMPET IT ION  i)

The major  barr ier was the apparent ‘cooperat ion moves to compet i t ion ’ 

between entrepreneurs which h inders the cooperat ion between TSC actors 

(sect ion 6.3.3i ) .  I t  is  a di f f icul t  s i tuat ion since entrepreneurs are always 

looking for an innovat ive edge to gain market recognit ion.  Conversely,  ‘ lack 

of  compet i t ion ’  was l isted as a  barr ier  by Painu ly (2001)  for other 

renewables whereas Negro et  a l .  (2012a)  ment ioned that compet i t ion at  an 

early stage increases the chal lenges of  establ ish ing a niche market (sect ion 

3.3.6iv).   

 NATURAL  GA S IS CH EA PER  ii)

The second barr ier that l imi ts the deployment  of  TSC is the cheap prices 

and infrast ructure of  gas for indoor heat ing. This was an issue in Canada 

and the USA (sect ion 6.4.5i)  but not for the UK. Even without a s ignif icant  

reduct ion in gas costs,  the barr ier ,  “ favour to convent ional energy ” ,  was 

reported by Painuly  (2001)  under market d istort ions for  other  renewable  

technologies and by Klein Woolthuis (2010)  for  the Dutch construct ion 

industry (sect ion 3.3.6ia).  A lthough th is might re late to the famil iar i ty of  

incumbent technologies,  the lower gas process hinders development of  TSC 

technology.  

 LACK OF  PR OFESSIONAL  CONTRA CTORS  iii)

Severe shortage was not iced of  the profess ional cont ractors who could 

be expert  in instal l ing and maintain ing TSCs. The supply chain in the UK 

remains f ragmented where there is no sole cont ractor who can take 
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responsibi l i ty of  of fer ing the whole package of  TSCs in bui ld ings (sect ion 

6.4.5i i ) .  This moreover adds to a problem of  accountab i l i ty  and l iab i l i ty  

(guarantees and warrant ies) .  The more d iscip l ines invo lved in the design 

and instal lat ion, the less cont rol  over the construct ion and performance of 

the technology. The lack of  an ‘overal l ’  p rofessiona l was classi f ied as a 

barr ier  h indering the development of  o ther renewable  technologies by  

Painuly  (2001)  and as a technical  barr ier by Foxon et  a l .  (2005)  for severa l 

renewables in the UK and by Leete et  a l .  (2013)  for  marine energy in the UK.  

 OTHER  MA RKET  BA RRIERS  iv)

Further minor barr iers  inc lude technology push from sel lers who targ et 

increased sales regardless of  the suitab i l i ty of  the technology for the 

purpose (sect ion 5.9.1 i i i ) ,  inte l lectua l protect ion (IP) (sect ion 7.5.1i i i ) ,  h ighly  

control led energy sector,  lock -in (sect ion 3.3.6i i i ) ,  rest r icted access to 

technology and technology secur i ty  and af fordabi l i ty (sect ion 5.6 .1i i ) .  S imilar 

barr iers were also found for other renewable energy technologies as 

ment ioned by Painu ly  (2001) ,  Foxon et a l .  (2005) ,  Kle in Woolthuis (2010 ) 

and Negro et  a l .  (2012a)  (sect ions 3.3.6 iv and 3.3.6v).  

 ENABLER S T O KN OWLED GE D IFFU SION AND DEPL OYMENT  7.6

Having establ ished the ba rr iers ,  the next s tage is to propose a set of  

potent ia l  enablers to assist  in  knowledge exchange and deployment  of  TSCs 

in  the UK, and ach ieve consumers ’ sat isfact ion and acceptance. This meets 

object ive 1.4vi i  ‘…highl ight potent ia l  enablers to integrat ing  and deploying 

TSCs technology for  researchers,  ent repreneurs and po l icy makers to 

consider for further improvement  and technologica l deve lopment ’ .  Those 

enablers would remain appl icab le to other geographic areas and renewable 

energy technolog ies.  As there are numerous possib le enablers (Appendix G),  

a few key potent ia l  enablers have been discussed for each barr ier  category 

previously ident i f ied (sect ion 7.5).  
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7.6.1  INCREMENTAL IMPR OVEMENT S (TECHN ICAL  AN D ENTR EPR EN EUR IAL 

ENABLER )  

The cont inuous technical improvement of  TSC is ev idenced by recent 

patents such as two -stage heat ing and cool ing and NightSolar (sect ion 6.4.1i  

and 6.4.2i ) .  Nonetheless, the requ irement for further  techn ica l development  

is admit ted by ent repreneurs in North  Amer ica and the UK in order to 

improve the performance of TSCs for space heat ing in terms of carbon 

reduct ion, output cost,  and payback. New dimensions of  development seem 

necessary,  e i ther by new entrepreneurs or by incumbent f i rms,  to expand the 

avai lab le renewable technology opt ions. These are better developed through 

actors ’  col laborat ion and knowledge exchange than through th is study. 

Col laborat ion is part icular ly important  in a sector such as th is which requires 

mult i -d iscip l ine input o f  ski l ls inc luding from academia and the supply chain.  

This in turn would guide the appropriate research di rect ion and speed up the 

development process .  

Exist ing technica l barr iers  (sect ion 7 .5.1) could be overcome by further 

improvement in  aspects includ ing performance, sui tabi l i ty for  dwel l ings, 

maintenance ease (sect ion 5.9.1i i )  and compact and ef fect ive  thermal 

storage of  the excess heat.  Developments could also ease the dut ies of  

designers and supply  chain ( i .e.  pre -engineered modules in  sect ion 6.4.2i i ) .  

The development should take place in l ine with consumer feedback (sect ion 

6.4.7) and regu latory codes and standards (sect ions 6.3 .2i  and 7.6.3v).  

7.6.2  INFOR MATION AN D AWA REN ESS CAMPAIGN S (SOCIAL AND  

INSTIT UTIONAL  ENABL ER )  

There is a need for further knowledge creat ion and dif fusion (sect ion 

5.9.3);  however,  th is informat ion is better received from independent part ies 

such as the government,  academia or not -for -prof i t  f i rms. The need for 

further  knowledge d if fusion was acknowledged by entrepreneurs in North 

Amer ica and the UK (sect ion 6.4.3).  Informat ion and awareness campaigns 

were also recommended for other renewable technologies by Coenen and 

Díaz López (2010)  and Painuly  (2001) .  These campaigns would be 
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conducted through conferences,  exhib i t ions,  and workshops (Hekkert  et  a l .  

2007; Hekkert  and Negro 2009) as described in sect ions 3.3 .4i i i  and 6.4.3i .  

7.6.3  SKILLED  STAFF (ENTR EPREN EURIAL AN D IN STITU TION AL ENA BLER )  

The awareness campaigns (sect ion 7.6.2) have to include t ra in ing and 

educat ion for  potent ia l  end -users,  designer architects and engineers,  

researchers and supply chain.  Ph i l ibert  (2006)  st ressed the need for 

outreach and t ra in ing programmes to ra ise awareness of  so lar thermal 

technologies.  A few educat ion courses are avai lable (sect ion 6.4.3),  

however,  fu rther  special ised and in tensive tra in ing programmes remain 

needed (sect ions 5.4.3 i i i  and 5.9.3) .   

Although the interviewed ent repreneurs d id not ment ion shortage in  

ski l led profess ionals,  CPD t rain ing sess ions for re levant profess ionals would 

be advantageous for development of  TSC. The type of  t ra in ing required was 

not specif ied in  the gathered data and may be dif f icul t  to implement,  g iven 

the caut ious manner of  t reat ing informat ion which has deve loped in North 

Amer ica (sect ion 6.4.1i) .  Further  to d iscussio n in sect ion 7.5.5i i i ,  l ack of 

ski l led staf f  was reported by Klein Woolthuis  et  a l .  (2005)  for SMEs and by 

Negro et  a l .  (2012b)  in  the Dutch PV innovat ion system (sect ion 3.3 .6ivd) .  

7.6.4  GOVER NMENT SU PPORT ( IN STITUT IONAL EN ABLER )  

Government support  is essent ia l  in  the UK (sect ion 7.5.2v) especial ly  

s ince the technology remains at  an emerging stage. The federal tax 

incent ive in the USA is  cont inuing to  help TSC development there.  The 

ecoENERGY subsidy helped development in Canada unt i l  TSC was 

considered to have reached the status of  a mature technology and 

government  support  was dropped (sect ion 6.4.5i)  and a possibi l i ty of  

pol i t ica l  persuasion  as discussed in 7.5 .2i i i .  Therefore,  subsidy  and 

incent ive p lans would  be recommended for  deployment  of  TSC technology as 

long as other factors are sat isf ied in terms of consumer acceptance and 

pol icy makers’  sat isfact ion with  the technology (sect ion 7.5.2i ) .  Government  

incent ives were recommended b y Phi l ibert  (2006)  as a pol icy to overcome 
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barr iers of  deploy ing solar thermal technology, and by (Painu ly 2001) as a 

measure to overcome the barr ier o f  deploy ing renewable energ ies.  

Other than the government,  other inst i tut ional support  is recommended 

such as non-government organisat ions. Further support  through investment  

by inst i tut ions seems worthy especial ly in R&D which is beyond the 

capabi l i t ies and resources o f  the current  entrepreneurs (sect ion 6.4.6).  

Inst i tut ional investment would increase the interest in developing an 

appropr iate technology that sat is f ies local needs for space he at ing. 

Inst i tut ional investment in renewable technologies was a lso suggested by 

Gal lagher et  a l .  (2012) .  

7.6.5  NEW CODES AND ST AND ARDS ( INST ITUTIONAL  ENABLER )  

Further to f inancia l  support ,  pol icy makers should ident i fy and in troduce 

appropr iate codes and standards (sect ion 5.6.2i i i  and 7.5.2i i )  that permit ,  as 

necessary,  the deve lopment of  renewable technologies such as TSC. For 

example, the current bui ld ing reg ulat ions for the vent i la t ion code, document 

F (HM Government 2010) def ines vent i lat ion as the inducement of  f resh 

outdoor air  to replace stale indoor a ir ,  with  no part icular ident i f icat ion to a 

min imum qual i ty or amount of  such f resh outdoor a i r .  Therefore,  i t  is  

important to ident i fy adequate levels of  f resh outside ai r requi rements and 

qual i ty through mechanical vent i lat ion, especial ly for domest ic bu i ld ings to 

avoid ‘s ick bui ld ing syndrome’ (sect ion 6 .4.4i) .  This would include the 

updat ing of  codes that current ly d iscourage TSC integrat ion. The need for 

updated codes was also recommended by Phi l ibert  (2006)  for so lar thermal 

technologies.  

Further codes could protect the potent ia l  solar instal lat ions from future  

blockage to receive  d i rect  so lar radiat ion . This would be simi lar to  the solar 

r ights Act  by the State of  Cal i forn ia  launched in 1978 where the laws protect 

homeowners’  access to the sun for thei r instal led solar app l ica t ions from 

blockage by neighbours  (Go solar Cal i forn ia n.d ).   

A dia logue is needed between local authori ty p lanners and local  

archi tects to overcome any barr ier that af fects the benef ic ia l  deployment of  

TSC technology in bui ld ings (sect ion 7.5.2i i ) .  Th is d ia logue seemed 
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“…di f f icul t  to achieve…”  as stated by an architect  f rom local government in  

Wales, however,  e f forts to  implement such a posit ive d ia logue remains 

essent ia l .  

7.6.6  RESEARCH  AND  DEVEL OPMENT ( IN STITUT IONAL ENABLER )  

“Just  a few years ago we were to ld  i t  was impossib le for green power to  

replace ag ing nuclear  stat ions…. Today, however,  i t ’s c lear  we can”  (Weis et  

a l .  2010).  Therefore,  current  drawbacks of  TSC technology or i ts  integrat ion 

in bui ld ings cou ld be resolved in  the future  with  enough effor t .  There is a 

strong demand to def ine the ap propr iate path of  research that reduces the 

gap between univers i t ies and industry in order to speed up the correct  

development process of  technology (7.5.2i i i  and 7.6.1).  Research and 

development  was recommended by Painuly  (2001)  as a  measure to  overcome 

barr iers af fect ing the development o f  renewable energy technolog ies.  

7.6.7  DEMONSTR ATION PR OJECTS (ENTR EPRENEU RIAL ENABLER )  

Attract ive,  successful  and accessib le prototypes would increase the 

acceptance of  the technology; “noth ing convinces l ike success  [ in a]  … 

demonstrat ion pro ject…”  according to an academic arch itect  f rom Montreal  

who had over 15 years’  exper ience. There is an increasing demand for  

successful prototype and business case examples (sect ions 5.7.1,  5.9.3 and 

6.3.3i i ) .  However,  par t ic ipants considered demonstrat ion by manufacturers 

as a bias.  For th is reason, projects such as SBED and SBEC in the UK 

(sect ion 6.4.21i i) ,  and the TSCs insta l led in the Nat ional Renewable Energy 

(NREL) bui ld ing in the USA (sect ion6.4.3 i)  w ould be appropr iate examples, 

especia l ly i f  these pro jects and their data are accessib le.  The experimental 

prototype in th is study would also p lay a role of  knowledge dif fusion when 

the outcomes of th is research are made avai lab le and also when the TSCs 

units are accessed by Cardif f  Un ivers i ty  students.  Support  of  research, 

development and demonstrat ion was recommended by Phi l ibert  (2006)  as a 

pol icy to overcome the barr ier  to develop ing solar  thermal technologies .  
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 ARCHIT ECTU RAL DESIGN  PRER EQUIS ITES  7.7

Arch itects  and designers were of ten targeted by entrepreneurs and 

potent ia l  legislators to help knowledge  d if fusion and deployment of  TSC 

technology (chapters 5 and 6).  They were a lso conf i rmed as the key design 

faci l i tator in integrat ing TSCs in  bui ld ings (sect ion 7.3.2).  However,  

archi tects  lack gu idel ines to deploy and architectural ly integrate TSCs or to 

exchange knowledge with c l ients.  Avai lable design guidel ines (sect ion 3.2.4) 

are prominent ly technical as they re late  to operat iona l s ides of  the 

technology,  neverthe less, the avai lable  guidel ines remain l imi ted. The 

proposal  of  a  def ined set of  architectu ral d i rect ions specif ic  to TSC 

integrat ion in bu i ld ings would he lp the uptake of  the technology.  I t  would 

also ensure that future TSC integrat ion would be soc ial ly and technica l ly 

sat isfactory in terms of aesthet ics and mult i - funct ion. Therefore,  a 

comprehensive l ist  of  design di rect ions would benef i t  des igners consider ing 

in tegrat ing TSC technology in a bui ld ing ’s design and moreover ease the 

designers’  mission. Ident i fy ing design prerequis i tes would also benef i t  

entrepreneurs,  researchers and pol icy maker s to part ic ipate wi th necessary 

development  towards encouraging bet ter design requirements.  The fo l lowing 

recommendat ions were drawn di rect ly f rom the f indings, or interpreted from 

the data presented throughout th is study, as design prerequisi tes to assist  

forming a comprehensive l ist  of  arch itectural  design di rect ions .   

 EARLY PHASE INTEGR AT ION  i)

The ear ly integrat ion of  TSC technology in  the architectura l des ign is  

recommended and has mult i - faced benef i ts  (chapter 5 and sect ion 7.5.3),  

that inc lude:  

 The prov is ion of  a wel l -studied integrat ion scheme and  avoidance 

of ‘bolt -on’ appl icat ions of  the technology which of ten occur at  a 

la ter stage (sect ion 5.6.1i) .   

 TSC in tegrat ion is compat ib le with the concept of  the bui ld ing 

design (sect ions 5.6.2 i  and 5.6.3i) .   
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 I t  is  poss ible to achieve appropr iate or ientat ion and posit ioning to 

gain the maximum possible solar i r radiat ion.  

The ear ly  integrat ion of  so lar  energy was conf i rmed as s ignif icant ly  

important by Horvat  et  a l .  (2011)  (sect ion 3.2.2i i ) .  Therefore,  i t  is 

recommended to  start  considerat ion  (s tage 2 in RIBA work plan) of  TSC and 

any other technology a t  the concept design stage.  

a. S IMPL ICIT Y AND FLEXIBIL ITY  

In spite  of  i ts c la imed operat iona l s impl ic i ty (sect ion 2 .3.2i ib ),  

respondents st ressed the importance of  s imple and f lex ib le technology. 

Simpl ic i ty and f lex ib i l i ty of  TSCs (sect ions 5.6.1i i  and 5.6.1 i i i )  were found to 

enhance conf idence in design and reduce fear o f  implement ing new 

technologies (sect ion 7.5.4i) .  The s impl ic i ty  includes ease of  integrat ion in 

bui ld ings in order to reduce poss ib le damage dur ing instal lat ion and 

maintenance,  especia l ly  for  exist ing bu i ld ings. I t ,  moreover,  inc ludes 

operat ion and use. The f lexib i l i ty  inc ludes various design opt ions and 

modulari ty.  Entrepreneurs in the UK are working to develop pre -engineered 

designs (sect ion 6.4.2i i )  to improve TSC s impl ic i ty and f lex ib i l i ty,  part icular ly 

for architectura l des ign.  

 PASSIVE DESIGN IN  PR IORIT Y  ii)

Mechanical  space heat ing is certa in ly required for countr ies with  long 

heat ing seasons inc luding the UK, Canada,  main land Europe and severa l 

Amer ican states.  However,  passive design techniques ( i .e.  insulat ion),  

should be given f i rst  pr ior i ty in design (se ct ion 5.9.1i i ) .  The sat is fact ion of  

successful passive techniques further  reduces mechanical heat ing 

requirements;  which in turn saves more energy, reduces the required 

envelope area and increases a f fordabi l i ty .  The combinat ion of  passive 

features and TSC technology for space heat ing was studied by researchers 

such as Hestnes (1996)  and Cles le (2010)  under ‘Solar Architecture’  

(sect ion3.2.3).  
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 AVOID SHA DOWING TH E BUILD IN G  iii)

Shading to the TSC const i tutes a potent ia l  barr ier to the design and 

integrat ion of  TSCs in bui ld ings. This was noted for the Curre nts Residences 

(sect ion 5.5.1 i i )  and Turner Fenton School (sect ion 5.5.2 i i )  and d iscussed in 

sect ion 7.5.1i i .  The same was recommended by L ise l l  et  a l .  (2009)  (sect ion 

3.2.4) as a design gu idel ine. I t  was fo l lowed as a  design guide l ine in th is 

study when locat ing the TSC prototype units (sect ion 5.10.1).  Therefore,  the 

al locat ion of  TSC in the design should avoid current and (where possib le)  

future shadowing to the technology in  order to achieve the calculated 

performance.  Future protect ion  is preferab ly  to be supported by bylaws as 

discussed in sect ion 7.6.5.  

 DESIGN  ASSIST ED  TOOL S  iv)

A few software programmes s imulate the performance of TSC;  

RETScreen, SBET and TRNSYS (sect ions 6.4.1i  and 6.4.6i i ) .  Arch i tects and 

designers are not  fami l ia r with these softwares, which is a key cha l lenge to  

the development  of  TSC. RETScreen was reportedly  used in  the conceptual  

phase by 17% of respondents in Horvat et  a l .  (2011)  with a convincing level  

of  sat isfact ion. The avai lab le software programmes remain,  how ever,  not  

val idated as accurate tools for model ing TSC. In par t icu lar RETScreen has 

been cr i t ised by some entrepreneurs as not accurate.  

 LOC AL A IR  QUALIT Y  v)

Derived from the needs to provide f resh ai r into indoor spaces in order to  

avoid ‘s ick bui ld ing syndrome’,  the ai r  outside the TSCs must be clean. 

Posit ioning TSCs adjacent to car park ing, for example,  would draw exhaust 

fumes into the indoor environment (Brown 2009),simi lar s i tuat ions would  be 

next to main  st reets ,  congested suburban areas and industr ia l  faci l i t ies. 

Therefore a di f ferent  arrangement is necessary;  that might include re -

posit ion ing TSCs or inducing an appro priate  air  f i l ter ing technology.  
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 LOC ATION AND OTHER CON SID ERAT IONS  vi)

Considerat ion should be given to bui ld ing type and funct ion in terms of 

previous successfu l TSC instal lat ions. Although th is would favour warehouse 

and indust r ia l  bu i ld ings (Brown 2009) due to prominent  instal lat ions, whi le  

more in tegrat ion examples on resident ia l  and other bui ld ing types are 

required (sect ion 7.6.7).  Site characteris t ics also play an important ro le in 

re lat ion to the avai lable solar radiat ion, neighbourhood, and requirements of  

authori ty regu lat ions. Al l  these factors would af fect  the design of  TSCs in  

terms of or ientat ion, TSC s ize versus ava i lable space in the appropr iately 

or iented façade. Moreover,  furt her at tent ion has to be given to the 

integrat ion harmony of  solar technology in accordance to the ci ty design 

guidel ines, especia l ly  re lat ing to t radit ional archi tecture.   

 SUMMAR Y  7.8

Many barr iers that h inder the research, development and/or dep loyment 

of  TSCs were, d i rect ly or indi rect ly ,  perceived and communicated. These 

barr iers were combined from the arch itectural integrat ion survey data in 

chapter 5 and TSC TIS data analysis in chapter 6.  The most substant ia l  

barr iers were d iscussed in th is chapter  and wh ere appropr iate,  compar isons 

were drawn with re lated studies.  Many of  the barr iers that  h inder TSCs were 

found to be common with other renewable technologies such as water  

heat ing, wind energy, PV and mar ine energy.   

A potent ia l  set  of  enablers (sect ion 7. 6)  were suggested based on 

recommendat ions by part ic ipants in  th is study, or  researchers f rom re levant 

studies,  or were derived by the author based on the needs ident i f ied (sect ion 

7.5).  Evaluat ing and compar ing the TSC TIS in the UK with North  America 

(object ive 1.4v i ) has helped to ident i fy examples which could be 

encompassed in the enablers adding conf idence to thei r ef fect iveness. Th is 

has addressed object ive 1.4v i i i  ‘ invest igate the cont r ibut ion of  the 

technological innovat ion system to the development ,  d i f fusion and ut i l isat ion 

of TSC’.  Albe it  some lessons were encompassed in  barr iers  ( i .e.  sec t ions 
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7.5.2i i i ,  7.5 .2vi ,  7.5.5 i ) ,  others  were apparent in  the enablers;  ( i .e .  sect ions 

7.6.1,  7.6.4,  7.6.7).  

A set of  archi tectura l design prerequisi tes was included as i t  was 

perceived to meet the requirements of  arch itects and designers who need to 

understand the parameters of  TSC integrat ion.  
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 OVERVIEW  8.1

This chapter comprises the conclusion of  the research. Fol lowing th is  

br ief  overv iew i t  h igh l ights the main research mot ivat ion (sect ion 8.2) in the 

l ight  of  the research a im and object ives ident i f ied in sect ion 1.4.  I t  out l ines 

the resu lts f rom chapters 5 and 6 along with the discussion in chapter 7.  

L imitat ions of  the research, as approached and experienced, are ident i f ied 

(sect ion 8.3) .  The main research f indings are ident i f ied (sect ion 8.4).  

Sect ion 8.5  compr ises recommendat ions for future research works as 

ident i f ied from the f ind ings. Sect ion 8.6 provides the closing remarks to th is  

study.  

The aim and object ives of  th is thesis were fu l f i l led through the research 

design and methodology. The resu lts and d iscussion prov ided ins ight into  

archi tectural ly integrat ing and deploy ing t ranspired solar thermal technology 

in bui ld ings in  select ive regions with long  heat ing seasons, includ ing the UK, 

Canada, USA and mainland Europe. Potent ia l  contr ibut ions of  the TSC to 

pre-heat ing ambient temperature of  the technology were clar i f ied through an 

experimenta l prototype project  in Wales. Further insight into l imitat ions  of  

deployment was af forded by a comparat ive analysis between the North 

Amer ica, as a TSC business leader,  and the UK, where TSC is at  emerg ing 

stage. Th is  compar ison was conducted using the technologica l innovat ion 

system analys is .   

 RESEARCH  MOTIVAT ION  8.2

The effect  of  c l imate change is accumulat ing,  CO 2  emiss ions are 

escalat ing (sect ion 1.3 .1) and energy consumption is  s ignif icant ly increasing 

and threatening energy secur i ty (sect ion 1.3.2).  As a resu lt ,  the bui l t  

environment is pred icted to be af f ected in terms of construct ion 

methodologies,  design features and regulat ions. This wi l l  impact on 

economic act iv i t ies,  inhabitants and society’s cul tura l  her i tage; a l l  of  which 

present cha l lenges for researchers,  archi tects  and pol icy makers.   

Space heat ing is found to consume about two -th irds of  domest ic  energy 

and emits around one -fourth of  overa l l  CO 2  emissions (sect ion1.3.4).  In the 

context of  switch ing space heat ing to renewable energy, TSC is presented 
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as a solar technology that pre -heats the ambient a i r  and suppl ies i t  into 

indoors spaces for heat ing. The technology is a lmost mature in North  

Amer ica (Hol l ick 1985; Hal l  et  a l .  2011 ) but has recent ly been in troduced to 

the UK (sect ion 2.4.1).  The market penetrat ion of  the technology has 

remained low in both  UK and North  Amer ica. TSC technology is  accord ingly 

not yet ready to sat isfy the switch from convent ional energy sources on i ts  

own despite  i ts apparent techn ica l compet i t iveness. This study therefore 

explores the reasons for the yet low penetra t ion of  TSC and further  explores 

the preferences and percept ions of  arch itectural  integrat ion of  TSC in 

bui ld ings (sect ion 1.2) .  

 L IM ITATION S OF  THE RESEA RCH  8.3

In spite of  the successful exper ience in sat isfy ing the research aim and 

object ives, l imita t ions were inevitab ly experien ced along the research work.  

I t  is deemed important to highl ight these l imitat ions for further research to  

consider or  overcome when necessary.  The l imitat ions were re lated to :  

8.3.1  LAN GUA GE OF TH E QUESTION NAIR E  

The quest ionnaire was designed and dis t r ibuted in Engl ish where most of  

the targeted countr ies (UK,  Canada and USA) have Engl ish as an of f ic ia l  and 

f i rst  language. I t  was also deemed reasonably used in other countr ies;  

however,  the rate o f  part ic ipat ion in mainland Europe was lower than 

expected. Th is was interpreted to a few reasons that inc lude Engl ish is not 

the f i rst  language of the main land Europe respondents (sect ion 5.3).  Th is 

would be l isted as a l imita t ion of  the research i f  compared to Farkas and 

Horvat (2012)  where they have dist r ibuted their survey in the nat ive 

language of each of  the 14 dif ferent part ic ipat ing countr ies.  Nevertheless,  

the total  number of  respondents in  th is study is h igher than that  of  Farkas 

and Horvat  (2012)  in a  shorter t ime f rame.  

8.3.2  LACK OF  RESPON SE B Y POSSIBLE INT ER VIEWEES  

Fol lowing data co l lect ion from arch itects,  engineers,  researchers and 

other stakeholders through quest ionnaires,  T SC entrepreneurs were targeted 

to better analyse the technologica l innovat ion system development (TIS).  
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The Canadian entrepreneurs were targeted as they hold the patents and they 

encompass four commercia l  brands of  TSC (sect ion 2.4.4).  The UK 

interviews were arranged and conducted as planned and also the one 

interview with  the USA entrepreneur.  With the except ion of  the one wr i t ten 

reply  (sect ion 4.5.5) ,  Canadian ent repreneurs showed re luctance to  

col laborate in sp ite of  the severa l reminders.  This re luctan ce was, however,  

interpreted as a protect ion of  informat ion and caut iousness of  network ing, as 

highl ighted in sect ion 6.3.3i .  In response to th is l imitat ion a few act ions were 

adopted to support  the qual i tat ive analys is and to strengthen any 

shortcomings o f  the interview data inc luding:  

-  The USA case was inc luded to compare North Amer ica versus the UK 

in l ieu of  Canada versus the UK as or ig ina l ly  p lanned.  

-  Forty-f ive data documents ( i .e .  newspapers,  pub l ished papers,  

workshop notes, government and company web sites) were col lected 

and analysed for North America as a secondary source of  

informat ion.  

-  Twenty-three data documents were co l lected and analysed for the UK 

as a secondary source of  informat ion.  

-  The qual i tat ive analys is was supported by relevant qual i tat ive data 

from the quest ionnaire .  

8.3.3  PARTIAL COMPLET ION OF TSC  PR OT OTYPE  

The exper imenta l prototype TSC on the roof of  Bute Bui ld ing was 

designed, comprising of  four units at  d i f ferent sett ings (sect ion 5.10.1);  

these units were sourced, assembled and const ructed. I t  was aimed to 

compare the outputs between these sett ings to clar i fy opt imum conf igurat ion 

of  TSC integrat ion in bui ld ing envelopes.  H owever,  issues beyond the 

control  of  the researcher meant  that only one unit  cou ld be analysed with in 

the t ime constra ints.  Nevertheless, a  signif icant amount  of  data was 

generated by the proto type TSC.  

Although the locat ion of  the TSC prototype was away f rom possib le  

vandal ism or accidental damage; l imited and contro l led access to  the roof  
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necessi tated that construct ion of  the un its took a longer t ime (around six 

months) than expected. Part  of  th is l imitat ion related to the safety 

precaut ion of  assembling the units in the universi ty ’s laboratory prior to 

dismant l ing each uni t  and re -const ruct ing i t  on the roof .  

 RESEARCH  F INDIN GS  8.4

The f indings in th is s tudy are der ived f rom the research mot ivat ion. The 

research aims were to  

 Provide ins ight into archi tectural ly in tegrat ing transpired solar  

thermal technologies in bui ld ings for  space heat ing in  temperate 

regions (f indings 8.4.1  and 8.4.2).   

 Clari fy TSC’s potent ia l  contr ibut ion to pre -heat ing ambient a i r  in  

Wales (f indings 8.4.3).   

 Invest igate the l imited adopt ion of  integrat ing and deploying TSC 

in bui ld ing envelopes (chapter 7) desp ite i ts apparent technica l  

compet i t iveness (f indings 8.4.1 and 8.4.2).   

 Explore the soc io -economic concerns of  technologica l innovat ive 

development at  ent repreneur ia l  level in the UK and North Amer ica 

(f ind ings 8.4.2).   

The f ind ings in th is study correspond furthermore to the ob ject ives wh ich 

are noted against each f inding as re levant:  Architectural  Integrat ion of  TSC:  

i )  Examine the ex ist ing awareness of  the TSC ( f inding 1) and ver i fy the 

role of  the arch itect  as a principa l decision maker who fac i l i tates 

integrat ing the technology in design.  Th is  includes veri fy ing the 

decis ion making actors and eluc idat ing the integrated design 

process (IDP) which produces more consol idated arch itectural 

outputs.  ( f inding 2).  

i i )  Invest igate d i f ferent  funct ional and aesthet ic integrat ion 

preferences of  TSC and hybr id PV/TSC, and f ind out  the preferab le 

opt imum architectura l  integrat ion scheme for arch itects and end -

users (f inding 3).  
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i i i )  Understand the arch itects’  percept ions and recommendat ions of 

bui ld ing - integrated t ranspired solar thermal technologies (f indings 3  

and 4).  

iv)  Ident i fy the needs of  architects,  engineers,  and bui ld ing 

profess ionals for  improved architectural in tegrat ion qual i ty and 

f lex ib i l i ty of  solar thermal energy (f ind ing 3 and 4),  in a form of 

design prerequisi tes (sect ion 7.7).  

v)  Gain insight  into the const ructabi l i ty and integrat ion pract ise o f  

TSC through design, p lanning and bui ld ing a  prototype project .  The 

protoype project  to be furthermore pract ica l ly tested to c lar i fy  the 

potent ia l  usefu lness of  TSC technology for space heat ing in Wales 

(f ind ings 13, 14 and 15).  

 

Technolog ical  Innovat ion Development (TIS) of  TSC:  

vi)  Evaluate the technological innovat ive development of  TSC in the 

UK at the ent repreneurship  leve l and compare i t  to  the North 

Amer ican case, using interv iews as the main source of  data and 

other secondary data sources (f indings 5  to 12).  

vii)  Ident i fy the barr iers of  integrat ing TSC (elaborated in sect ion 7.5) ,  

and highl ight potent ia l  enablers to integrat ing and deploy ing TSC 

technology for  researchers,  entrepreneurs and pol icy makers to 

consider for further improvement and technologica l deve lopment 

(e laborated in sect ion 7.6).  

vii i )  Invest igate the cont r ibut ion of  the technological innovat ion system 

to the development,  d i f fus ion and ut i l isat ion of  t ranspired solar 

col lectors ( i .e.  f ind ings 6,  7 and  12).  

 

The research f ind ings are summarised be low in three sect ions related to 

the method being conducted .  
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8.4.1  ARCHIT ECTU RAL INTEGR ATION OF TSC  IN  BU ILDING ENVEL OPES  

The topic  of  archi tectural integrat ion covers a var iety of  contexts re lated 

to decis ion making,  design preferences and process, the match or mismatch 

between the technology and bui ld ing type. Further technical issues related 

to the deve lopment  of  TSC such as sustainabi l i ty,  market  awareness and 

method of  heat  d i f fus ion were a lso invest igated. Al l  these invest igat ions 

correspond to  the research aim of  provid ing insight  into  archi tectura l ly 

integrat ing TSC in bui ld ings. They a lso correspond to the f i rst  set  of  

object ives (sect ions 1.4i–1.4vi ) as noted below against  each one.  

The data were col lected through a quest ionnaire which was analysed 

quant i tat ively and qual i tat ive ly.  The major f indings related to architectural 

integrat ion are described below.  

F IND IN G 1:  AWAR EN ESS  

The general awareness by part ic ipants o f  TSC technology in terms of  

existence and purpose, was 51.4% (sect ion 5.4.1) which seems suff ic ient to 

faci l i tate dep loyment o f  TSC as long as i t  is found to funct ion sat isfactor i ly .   

A reduced number of  part ic ipants were fami l ia r with  the commercia l ly 

avai lab le TSC products (sect ion 5.9.1i ) .  Rela t ive ly few respondents 

considered the current ly ava i lab le TSC products to be sat isfactory in terms 

of performance,  aesthet ics,  and cost  (sect ion 5.9.1i i ) .   

F IND IN G 2:  DEC IS ION MAKIN G  

The cl ient is considered to be the ul t imate decis ion maker for select ing 

the type of  technology to be integrated.  The cl ient  has the yes/no answer for 

integrat ing TSC in  a bui ld ing (sect ion 7.3.1).   

Ranked second, the architect  was considered to be the design faci l i tator 

who would advise the cl ient on types of  technology in the  f i rst  p lace. 

Fol lowing the cl ient ’s  acceptance, the architect  would decide the type of 

in tegrat ion, posi t ion and size (sect ion 7.3.2).  The ro le of  the architect  with 

the IDP team a long with the design process is  a lso considered important,  

especia l ly  for non-domest ic bu i ld ings (sect ion 7.3.3).    
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F IND IN G 3:  INT EGRAT ION  PREF ER ENC ES  

The preferences for  an opt imum TSC archi tectural scheme were 

invest igated. The preferences extend beyond the design and construct ion of  

TSC and remain sub ject ive.  Although the pref erences were expressed in 

theory;  those preferences were cont radicted when specif ic examples were 

presented lead ing to a conclusion of  ‘no common agreement ’  or ‘subject ive 

preferences’ (sect ion 7 .4.2).  Overa l l ,  there was general agreement that:  

-  The roof hybr id TSC/PV was the preferred in tegrat ion opt ion (sect ions 

5.6.2i  and 5.6.2i i ) .  Although specif ic examples of  these were 

considered to have poor aesthet ics,  i t  was considered that roof tops 

were less vis ib le and aesthet ics were less important (sect ion 7.4. 2).  

-  TSC integrat ion should be considered as early in the design process 

as possible (sect ion 5.6.2iv).  

-  Mult i - funct ional performance in bui ld ing envelopes is a lways favoured 

and funct ion outweighs aesthet ics even by architects (sect ion 5.6.1 i ) .   

-  ‘ Inv is ib le ’  integrat ion of  TSC was preferred (sect ion 5.6.3i ) .  A stated 

preference was made for the avoidance of  dummy panels.  However,  

rat ings of  examples indicated that insta l lat ions which incorporated 

dummy panels were rated as having good aesthet ic propert ies 

(sect ion 5.6.3 i i ) .  

F IND IN G 4:  SELECT ION PREFEREN CES  

These preferences re late to  choices between technolog ies when the 

decis ion has been taken to source a renewable energy technology:  

-  Domest ic hot water is  the most se lected choice.  Opt ions inc luded 

TSC, PV/TSC, wind energy and ground source heat ing. Part ic ipants 

ci ted famil iar i ty  with i ts existence and performance as inf luencing 

choice (sect ion 5.6.1 i i ) .  

-  Although sustainab i l i ty  is a broad term which ref lects economic and 

socia l  aspects,  part ic ipants considered that TSC susta inabi l i ty  

focused on energy sav ing fo l lowed by indoor thermal comfort  (sect ion 

5.7.2).  
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-  Rel iabi l i ty,  def ined as ‘constant  performance and ef f ic iency which 

could exceed 75%’ was the u l t imate feature considered when sourc ing 

TSC technology. I t  was fo l lowed by low capita l  cost def ined as 

‘payback with in 2 -  12 years ’  (sect ion 5.7.3).  

 

8.4.2  TECH NOL OGICAL INN OVA TION  SYST EM OF  TSC 

New products or serv ices of ten fa i l  in  the market due to  loca l 

unsuitabi l i ty (Truong 2013).  Therefore,  new insights  into  innovat ions have to 

be developed and dif fused wi th in the cumulat ive context of  an innovat ion 

system (Lai et  a l .  2012).  The main source of  data used for  TSC TIS analys is  

was through interviews held with ent repreneurs in the UK and North 

Amer ica. Secondary sources of  data  were used to clar i fy and reinforce 

responses which arose from in terv iews. The data was analysed qual i tat ive ly 

fo l lowing the analys is structure derived f rom Bergek et  a l .  (2008) .  The major 

f indings are summarised below:  

F IND IN G 5:  TSC  TIS  ST RUCTUR E  

These f ind ings relate  to the analys is of  the s tructural components of  TIS 

(actors,  inst i tut ions and networks):  

-  The actors in North  America were larger in number,  s ize and 

capabi l i t ies than in the UK. In Nort h America, entrepreneurs focus on 

both the local market and export ,  wh i le in the UK they have a st ronger 

local focus (sect ion 6.3.1 and Table 6 -1).    

-  The North American inst i tut ions ( regulat ions, codes etc. )  inc lude 

encouraging bu i ld ing codes in addit ion t o many governmental 

incent ive plans. However,  in the UK only one recent incent ive plan 

‘Green Deal ’  has been introduced (sect ion 6 .3.2 and Table 6 -1).    

-  The networks of  t rading and learn ing in  North Amer ica are robust and 

long-estab l ished versus l imited ne twork ing in the UK. However,  both 

North American and Bri t ish actors are caut ious about communicat ion 

due to concerns about  market  compet i t ion and IP P (sect ion 6.3.3  and 

Table 6 -1).  



HASAN JAMIL ALFARRA CHAPTER 8 || CONCLUSION AND RECOMMENDATIONS 

 

Page |  332  

F IND IN G 6:  ENTR EPRENEURIAL ACTIVIT IES  

The TSC technology was launched in Ca nada in the 1980s, s ince when 

numerous act iv i t ies have occurred inc luding patents,  system advancements,  

and successfu l business cases. Given the short  period of  act iv i ty in the UK, 

the si tuat ion seems sat isfactory with ambit ious prototyping act iv i t ies,  but  

there are no patents emerg ing in th is market (sect ion 6.4.1 and Table 6 -2).  

F IND IN G 7:  KN OWL ED GE EXCHAN GE  

The leve l and volume of the exchanged knowledge remains 

unsat isfactory for architects ,  end -users and other s takeholders.  Knowledge 

is considered the key to success, technology development and deployment . 

Entrepreneurs are caut ious about knowledge exchange in spite  of  their 

potent ia l  wi l l ingness to cooperate with other actors (sect ions 6.4 .2,  6.4.3 

and Table 6-2).  

F IND IN G 8:  GU IDANC E OF THE SEA RCH  

The TSC technology is not determined in the UK road map in terms of 

specif ic targeted v is ions of  take up. The absence of  a specif ic v is ion by the 

government  for  TSC wi l l  hamper i ts emergence status.  Pol icy makers as wel l  

as designers need tangible evidence to b e convinced by the performance of  

the technology (sect ion 6.4.4 and Table 6 -2) .  

F IND IN G 9:  MARK ET FOR MATION  

The North Amer ican entrepreneurs are target ing local  and internat ional 

marketplaces includ ing the UK where they have a few instal lat ions. That 

adds a new dimension into the research and development of  TSC in order to 

suit  o ther weather condit ions and to  match d if ferent  standards and codes in  

di f ferent countr ies.  The UK entrepreneurs remain focused on a nat ional 

market with potent ia l  p lans for target in g main land Europe in the future 

(sect ion 6.4.5 and Table 6 -2).  
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F IND IN G 10:  RESOURC E MOBIL ISAT ION  

The North Amer ican entrepreneurs are fu l ly independent in terms of  

research fund ing and in -house R&D. Entrepreneurs in the UK contr ibute part  

of  the research funding, but col laborate with the government and other 

actors to increase the val idat ion of  TSC.  Lack of  sk i l led staf f  was not 

reported as an issue by the interviewed ent repreneurs;  however,  part ic ipants 

in the survey saw i t  as a barr ier to development (sec t ions 6.4.6,  7.6.3 and 

Table 6 -2).  

F IND IN G 11:  LEGIT IMAC Y  

TSC as a  solar thermal  technology is part  of  a s trong advocatory 

coal i t ion in North America in  sp ite of  the indirect  resistance resul t ing f rom 

cheap gas prices. The accessible end -users’  feedback and test imonia ls  

ref lect  a leve l of  sat isfact ion. These might be biased as they were publ ished 

by manufacturers;  however,  they remain a good indicat ion of  knowledge 

exchange in forming legit imacy. Leg it imacy in the UK remains under 

development (sect ion 6.4.7  and Table 6 -2).  

F IND IN G 12:  INT ERACT ION BETWEEN TIS  FUNCT ION S  

The TIS funct ions in North Amer ica were act ively fu l f i l led versus 

potent ia l  fu l f i lment in the UK, which is appropriate to the format ive stage of 

development.  There was a good level  of  interact i on between TIS funct ions in 

North America; two v ir tuous cycles were t r iggered versus a v ic ious one 

(sect ion 6.5.1).  In the UK, one major v ir tuous cyc le was t r iggered with a  

possib i l i ty of  a smal l  number of  minor vic ious and vir tuous cycles (sect ion 

6.5.2).  The funct ions fu l f i lment and the ir interact ions were analysed and 

compared in the UK and North Amer ica (Table 6 -3).  Th is provided insight 

into barr iers to TSC development (sect ion 7.5).  Once barr iers had been 

ident i f ied,  enablers could be developed for fu ture  development and 

deployment of  TSC (sect ion 7.6).  The barr iers and their corresponding 

enablers inc luded:  
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-  Immature or inadequate technology (sect ion 7.5.1i)  that could  be 

enabled through incrementa l improvement (sect ion 7.6.1) and 

research and deve lopment (sect ion 7.6.6).  

-  Fear or re luctance to implement new technology (sect ion 7.5.4 i)  and 

low fami l iar i ty (sect ion 7.5.4i i )  that could be enabled through 

informat ion and awareness campaigns (sect ion 7.6.2) and 

demonstrat ion projects  (sect ion 7.6.7).  

-  Lack of  professiona l  contractors (sect ion 7.5.5i i i )  who could  be 

enabled through t ra in ing of  ski l led staf f  (sect ion 7.5.3).  

-  Low inst i tut iona l support  (sect ion 7.5.2v)  that could be enabled 

through government support  (sect ion 7.5.4) and new codes and 

standards (sect ion 7.5.5).  

 

8.4.3  POT ENTIAL  CONTR IBUT ION OF  TSC 

The potent ia l  cont r ibut ion of  TSC to the environment in terms of the 

suppl ied heat  was invest igated through an experimenta l prototype project .  

The outputs of  the TSC unit  were recorded, col lected and analysed al ong 

with the weather data.  Due to the ‘hands -on experience’ ga ined during the 

construct ion of  the un i ts which provided grounding for analysing the survey 

data,  th is work was considered with in the architectural integrat ion strand of 

the research. The fo l low ing f indings relate to the output temperature,  

ef fect iveness and ef f ic iency of  the TSC.  

Finding 13:  Effect  o f  Solar I r radiat ion on Output Temperature  

The output temperature was found to be posit ively re lated to solar  

i r radiat ion. The output temperature was  a lways h igher than the ambient 

temperature when solar i r rad iat ion was above 60 W/m 2 .  The output 

temperature would increase s ignif icant ly when solar i r radiat ion was above 

400W/m2 .  The ef fect  o f  solar i rrad iat ion was however found more s ignif icant 

on temperature r ise in autumn than winter (sect ion 5.10.2 i ia ).   
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F IND IN G 14:  EFF ECT OF A IR  FL OW AND  W IND  SPEED  ON OUTPUT  

 TEMPERATUR E  

Wind speed h igher than 4m/s induced lower air  f low in the plenum ( less 

than 0.8m/s).  The output temperature starts  increasing as wel l  as the duct 

a ir  f low after wind speed decreases below 4m/s as an average. Air f low in  

the duct was found to be in a sign if icant harmony with  an output temperature 

r ise versus a lower s ignif icance on supply  temperature r ise over ambient  

temperature in win ter.  The re lat ion between air f low and temperature t rends 

is interpreted due to buoyancy ef fect  where higher solar i r radiat ion 

creates hot ter a ir  in the col lector which drives st ronger ai r  f lows. The 

harmony of  a i r  f low to  temperature r ise is,  however,  min imal  in autumn and 

summer where so lar i r radiat ion has the greatest ef fect  (sect ion 5 .10.2i ib ).  A 

0.55m/s minimum f low rate is  found to  be required in the duct to avoid f low 

reversal in winter for the range being studied (sect ion 5.10.2 iv).   

F IND IN G 15:  HEAT  EXC H ANGE EFF ECTIVEN ESS  

The effect iveness of  TSC “the rat io of  the actual temperature r ise of  a ir  

as i t  passes through the absorber plate to the maximum possible 

temperature r ise” (Leon and Kumar 2007) is found to increase with  the 

decrease of  so lar  i rradiat ion and the increase of  the f low ra te t i l l  the 

ef fect iveness reaches 0.8.  After the ef fect iveness reached 0.8,  an inversal  

re lat ion s tarts with  the f low rate in a contrad ict ion to  Wang et a l .  (2006)  who 

ment ioned a min imal ef fect  of  f low ra te af ter 0.8 ef fect iveness.  (sect ion 

5.10.3v).  

F IND IN G 16:  TSC  EFF ICIENC Y  

The eff ic iency of  TSC,  “the rat io  of  the useful heat del ivered by the solar 

col lector  to the tota l  solar energy input on the col lector  sur face” (Leon and 

Kumar 2007, p.  67 ) is found to  increase sign if icant ly fo l lowing the decrease 

of  solar i rrad iat ion and vice versa. The ef f ic iency is d i rect ly af fected by f low 

rate in the duct,  however,  th is  ef fect  reverses beyond a certa in  point  ( i .e.  

1.45m/s f low rate in January) .  The maximum average ef f ic iency in January 

was be low 5%, with  the highest instantaneous ef f ic iency recorded as 41%. 
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On the other hand, the maximum average ef f ic iency from 2nd August to 20th 

September 2013 was around 11%, with the highest instantaneous ef f ic iency 

recorded as 80% (sect ion 5.10.2iv).  Although these f igures are lower than 

the ef f ic iencies  reported for commercia l  TSCs, i t  should be borne in mind 

that they refer to a prototype which is smal ler in size and does not benef i t  

f rom the same leve ls  of  insulat ion  which would exist  on a commerc ial ly 

instal led, bu i ld ing - integrated system.  

 REC OMMENDAT IONS F OR  FURTH ER  RESEAR CH  8.5

The fol lowing potent ia l  paths would be recommended for  fur ther research 

and invest igat ion as a cont inuat ion o f  th is study .  

8.5.1  INDOOR  EN VIR ON MENT (THER MAL COMF ORT  AND  IND OOR A IR  QUAL ITY )  

In addit ion to i ts mechanism of heat ing indoor spaces, the TSC is 

proposed as a technology that  suppl ies f resh ai r which sat is f ies certa in 

requirements for heal thy indoor spaces. The research would ident i fy the 

potent ia l  cont r ibut ion of  TSC technology to sat isfactory parameters of  indoor 

environment.  These parameters are determinants of  the tangib le usefulness 

of  TSC which should include:  

-  Thermal comfort  sat isfact ion: Fanger's model  is found appropria te and 

accepted for design and moderate f ie ld assessment of  indoor thermal  

comfort  (L in  and Deng 2008 ci ted in Djongyang et  a l .  2010 ; 

Tzempelikos et  a l .  2010).  I t  would be a lso advised to invest igate  the 

adapt ive model of  thermal comfort  that is adopted by EN15251 for a 

f ree-running bu i ld ing ( i .e.  mixed mode bui ld ings with mechanical  

vent i la t ion and operable windows) (Nicol and Humphreys 2010 ).  

-  Indoor ai r  qual i ty and i ts associated indoor CO 2  level in comparison to 

the standard recommendat ion ( i .e.  ASHRAE) per occupant .  

8.5.2  EXAMINATION  OF TH E ST UDY OUTC OMES  

I t  is  recommended that the barr iers,  enab lers and design gu ide l ines 

presented in th is  study are further  evaluated. This might be through surveys 

and in-depth interviews. Th is s tudy would inc lude the fo l lowing object ives:  
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-  The val id i ty of  each barr ier in d i f ferent  contexts ( i .e.  speci f ic  

countr ies and bui ld ing types) as i t  might  deviate with t ime and 

locat ion.  

-  The match or mismatch appl icab i l i ty  of  the barr iers to other renewable 

energy technologies.  

-  The pr ior i ty of  addressing the barr iers and the associat ion between 

the prior i t isa t ion and d if ferent  actors,  profess ions and locat ions.  

-  The suitab i l i ty of  the proposed enablers for  TSC, and thei r potent ia l  

appl icab i l i ty to other solar thermal and renewable technolog ies.  

-  Arch itects and entrepreneurs could be speci f ica l ly targeted for thei r  

opinions on the  suggested design gu idel ines .  

8.5.3  COMPARATIVE CASE ST UDY F OR  OPTIMUM POSIT ION IN G  

Research object ive i i ,  re lated to invest igat ing the opt imum scheme of  

integrat ion, was sat is f ied in th is s tudy through conduct ing quest ionnaire.   

This could be further explored ex per imenta l ly .   

A comparat ive s tudy between var ious sett ings (di f ferent az imuth, wal l  

and roof mounted units,  smal l  and large col lector areas) was deemed 

benef ic ia l  for the the UK context.  This is inf luenced by having ‘hands -on 

experience’ through ‘ learning  by doing’  (sect ion 6.4.2 i i )  and independent 

evidence (sect ion 7.5.2i) .  The study would a im to eva luate the performance 

and ef fect iveness of  the prototypes simultaneously.  Such a comprehensive 

study is not ava i lab le  to the knowledge of  the researcher.  Kozubal et  a l .  

(2008) part ia l ly compared an experimental  stand -alone inc l ined unit  to 

output ef f ic iency f igures for an in -operat ion wal l  mounted TSC; however,  the 

compar ison was conducted under two dif ferent condit ions and methods . 

8.5.4  INFLUEN CE OF  AR CHIT ECTURAL ST YLE  

The architectura l style  is br ief ly d iscussed as a potent ia l  inf luence to the 

archi tectural preference of  integrat ing technologies in bui ld ing envelopes 

(sect ion 7.4.1).  I t  would be interest ing to survey and interv iew architects  in  

order to invest igate the associat ion between the architectura l style they 

usual ly fo l low and the parameters of  integrat ing technolog ies in bui ld ings.  
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The survey might a im to develop various possib le methods of  integrat ion or  

def ine var ious groups of  designers in order to be included in  research 

development.  I t  would be recommended to include stat is t ica l  analysis o f  the 

style fo l lowed ( i .e.  h igh -tech and post -modern architecture style).  The ef fect  

of  the style on integrat ion would also be studied versus the potent ia l  

deviat ion in  the design concept  to suit  certa in technology in tegrat ion 

requirements when there is a conf l ict  between the both .  

 CLOSING REMARK S  8.6

Being der ived from the ef forts to  dimin ish cl imate change,  t ranspired 

solar  technology is presented as an a lternat ive to  convent ional energy for 

space heat ing. The l imited integrat ion and deployment  of  TSC was noted in 

the publ icat ions rev iewed, which also commend the operat ion and 

performance of the technology.  Mult i -d isc ip l inary research was deemed an 

appropr iate approach to sat is fy the a im and object ives of  th is  research.  

In a sat isfactory achievement to the research aim, th is s tudy provided 

insight  into  various aspects of  integrat ing and deploy ing TSC in bui ld ings. 

These aspects included:  

-   Understanding the out look of  re levant actors ( i .e .  architects,  pol icy 

makers,  researchers) including genera l awareness and market famil iar i ty  

with TSC technology.  

-  Ident i fy ing the u l t imate decis ion makers for sourc ing and in tegrat ing TSC 

technology, a long wi th the necessary ro le of  each decis ion maker and the 

stage related to decis ion. This included the grounds o f  preferences in 

select ing a technology for dep loyment and integrat ion by c l ients and 

archi tects.  

-  Invest igat ing preferences of  integrat ion schemes ( i .e.  roof or  wal l  

posit ion o f  TSC in bu i ld ings),  phase, aesthet ics and mult i - funct ions.   

-  Ident i fy ing possib le barr iers that  h inder the integrat ion and deployment of  

TSC and suggest ing corresponding enablers to overcome these barr iers.  
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-  Analys ing the development of  TSC through the technologica l innovat ion 

system as a specif ic  analys is system that could out l ine the  cha l lenges 

and opportunit ies for developing TSC technology in the UK.  

-  Comparing the format ive development stage of  TSC in the UK with the 

mature status in North Amer ica, in order to  draw enabl ing lessons that 

could diminish the possible barr iers.  

-  Gaining hands-on experience through planning, designing, construct ing 

and test ing an experimental prototype TSC project .   
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Introduction  

 

Dear Part ic ipant,  

You are kindly invi ted to part ic ipate in a research study for a PhD degree in 

archi tecture by complet ing th is  quest ionnaire  survey.  The study invest igates 

the architectura l integrat ion and envi ronmental benef i ts of  t ransp ired solar 

thermal in bui ld ing envelopes at  res ident ia l  sector.  The overa l l  a im of the 

study is to prov ide ins ight into the l imita t ion of  arch itectural ly in tegrat ing 

transpired solar col lectors (TSC) for space heat ing in  bui ld ings, and clar i fy  

i ts ro le in sat isfy ing thermal comfort  and energy saving at  res ident ia l  sector.  

This quest ionnaire is  d irected to arch itec ts,  engineers,  and professiona ls  

engaged in design and construct ion to survey their  percept ion of  the acute 

problematic shortage of  integrat ing transpired so lar thermal in bui ld ing 

envelopes.  

This is an anonymous quest ionnaire and wi l l  be exclus ive ly  used for 

academic purposes. Complet ing the survey may require approx imate ly 20 

minutes. Your part ic ipat ion is ent i re ly voluntary and that you can withdraw 

from the survey at  any t ime wi thout g iv ing a reason, a lso, you can save your 

progress from the top of  any page and return to the survey later.  



HASAN JAMIL  ALF ARR A  APPEND IX  A  | |  QU EST IONNAIRE  

 
 

Page |  367  

Nevertheless, I  h igh ly appreciated your complete part ic ipat ion which wi l l  add 

a valuable  cont r ibut ion to the study and the solar architecture.  You are 

invi ted to provide your contact deta i ls at  the end of  the survey i f  you would  

l ike  to receive a copy of  the survey resu lts .  The informat ion you provide wi l l  

be treated and publ ished total ly anonymously.  Your contact detai ls wi l l  not 

be used in the report ing or analyses in any way. This survey has been 

approved by the Research Ethics Committee of  the Welsh School of  

Arch itecture (EC1203.114) on 26 -Mar-2012.  

I f  you have any quest ions about th is survey please do not hesitate to contact  

me. I  am happy to respond to any quer ies you may have.  

Thank You very much in advance for yo ur cooperat ion and he lp.  

 

Thanks & Regards,  

Hasan Al farra  

Ph.D Candidate in Architecture  

Card if f  Univers i ty -  UK 

Mob: +44 7414 10 3260  

hajfarra@hotmai l .com 

Alfarrah@card if f .ac.uk  

 
 

 

 
  

mailto:hajfarra@hotmail.com
mailto:Alfarrah@cardiff.ac.uk
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Section A: Personal Information  

1) Profession:*  

(  )  Architect  
(  )  Engineer,  p lease specify ( i .e.  mechanical,  c iv i l ,  energy.. . ) :  _________*  
( )  Other,  p lease speci fy:  _________________*  

2) Work Field:*  

(  )  Academia  
( )  Consultancy 
( )  Nat ional Government  
( )  Local Government  
( )  Contract ing  
( )  Other:  _________________  

3) Years of Experience:*  

(  )  Less than 5  
( )  5 -  10 
( )  11 - 15 
( )  More than 15  
 

4) Location*  

(  )  Afghanis tan  ( )  East Timor  (  )  Luxembourg  ( )  San Marino  

( )  Albania  ( )  Ecuador  ( )  Macau  
( )  Sao Tome 
and Princ ipe  

( )  Algeria  ( )  Egypt  (  )  Macedonia  ( )  Saudi Arabia  
( )  Andorra  ( )  El Sa lvador  ( )  Madagascar  ( )  Senegal  

(  )  Angola  
( )  Equatoria l  
Guinea 

( )  Malawi  (  )  Serb ia  

( )  Ant igua and 
Barbuda 

( )  Er i t rea ( )  Malays ia  ( )  Seychel les  

( )  Argent ina  ( )  Estonia  ( )  Maldives  ( )  Sierra Leone  
( )  Armenia  ( )  Ethiop ia  ( )  Mal i  (  )  Singapore  
( )  Aust ral ia  ( )  F i j i  (  )  Malta  ( )  Slovakia  

( )  Aust r ia  ( )  F in land  
( )  Marshal l  
Is lands 

( )  Slovenia  

( )  Azerba i jan  ( )  France  ( )  Mauri tan ia  
( )  Solomon 
Islands 

( )  Bahamas,  
The 

( )  Gabon ( )  Mauri t ius  ( )  Somalia  

( )  Bahra in  ( )  Gambia, The  ( )  Mexico  ( )  South Afr ica  
( )  Bangladesh  ( )  Georg ia  ( )  Micronesia  ( )  South Korea  
( )  Barbados  ( )  Germany ( )  Moldova  ( )  Spain  
( )  Belarus  ( )  Ghana ( )  Monaco  ( )  Sr i  Lanka  
( )  Belg ium ( )  Greece  ( )  Mongol ia  ( )  Sudan 
( )  Bel ize  ( )  Grenada  ( )  Montenegro  ( )  Sur iname 
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(  )  Benin  ( )  Guatemala  ( )  Morocco  ( )  Swazi land  
( )  Bhutan ( )  Guinea  ( )  Mozambique ( )  Sweden 

( )  Bol iv ia  
( )  Guinea-
Bissau 

( )  Namib ia  ( )  Switzerland  

( )  Bosn ia and 
Herzegovina  

( )  Guyana  ( )  Nauru  ( )  Syria  

( )  Botswana ( )  Hait i  (  )  Nepal  (  )  Taiwan  
( )  Braz i l  (  )  Ho ly See  ( )  Netherlands  ( )  Taj ik istan  

( )  Brunei  (  )  Honduras  
( )  Netherlands 
Ant i l les  

( )  Tanzania  

( )  Bulgaria  ( )  Hong Kong  ( )  New Zealand ( )  Thai land  
( )  Burk ina Faso  ( )  Hungary  ( )  Nicaragua ( )  T imor-Leste  
( )  Burma ( )  Ice land ( )  Niger  ( )  Togo 
( )  Burundi  (  )  India  ( )  Niger ia  ( )  Tonga  

( )  Cambodia  ( )  Indonesia  ( )  North Korea  
( )  Tr in idad and 
Tobago 

( )  Cameroon  ( )  I ran  ( )  Norway ( )  Tunisia  
( )  Canada  ( )  I raq  ( )  Oman ( )  Turkey  
( )  Cape Verde  ( )  I re land  ( )  Pakistan  ( )  Turkmenistan  
( )  Central  
Afr ican Republ ic  

(  )  I ta ly  (  )  Palau  ( )  Tuva lu  

( )  Chad ( )  Jamaica  ( )  Palest ine  ( )  Uganda  
( )  Chi le  ( )  Japan  ( )  Panama ( )  Ukra ine 

( )  Ch ina ( )  Jordan  
( )  Papua New 
Guinea 

( )  United Arab 
Emirates  

( )  Co lombia  ( )  Kazakhstan  ( )  Paraguay  
( )  United 
Kingdom - 
England 

( )  Comoros  ( )  Kenya ( )  Peru  
( )  Un ited 
Kingdom - Wales 

( )  Congo,  
Democrat ic 
Republ ic of  the  

( )  Ki r ibat i  (  )  Phi l ipp ines  
( )  Un ited 
Kingdom - 
Scot land  

( )  Congo,  
Republ ic of  the  

( )  Kosovo  ( )  Poland  
( )  United 
Kingdom - NI  

(  )  Costa  Rica  ( )  Kuwait  (  )  Portuga l  (  )  Un ited States  
( )  Cote d ' Ivoi re  ( )  Kyrgyzstan  ( )  Qatar  (  )  Uruguay  
( )  Croat ia  ( )  Laos ( )  Romania  ( )  Uzbekistan  
( )  Cuba ( )  Latvia  ( )  Russia  ( )  Vanuatu  
( )  Cyprus  ( )  Lebanon ( )  Rwanda ( )  Venezuela  
( )  Czech 
Republ ic  

(  )  Lesotho  
( )  Sa int  K it ts 
and Nevis  

( )  Vietnam 

( )  Denmark  ( )  L iberia  ( )  Saint  Lucia  ( )  Yemen 
( )  Dj ibout i  (  )  L ibya  ( )  Saint  V incent  (  )  Zambia  
( )  Domin ica  ( )  L iechtenstein  ( )  Samoa ( )  Z imbabwe 
( )  Domin ican 
Republ ic  

(  )  L i thuania  
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5) Highest academic degree:*  

(  )  PhD 
( )  MSc /  MA 
( )  BSc /  BA  
( )  Other:  _________________  

6) What type of projects are you typically involved in?*  

[  ]  Commerc ial  
[  ]  Resident ia l  
[  ]  Inst i tut iona l  
[  ]  Indust r ia l  
[  ]  Other  

7) Are you aware of the Transpired Solar Collectors t echnology?*  

(  )  Unaware  
( )  Aware  
( )  Expert  

 

 
Note for the fol lowing sections:  
The integrated Transpired Solar Col lectors (TSC) for façade and/or roof  

provides space heat ing in cold  

seasons (F igure. 1).  The 

technology can possib ly  

supply f resh air in hot seasons 

through a bypass opening, 

however,  th is f resh air is  

easi ly avoided i f  expected to 

cause summer overheat ing, 

and the fan shuts -down.  

When Transp ired Solar  

Col lectors are combined with 

Photovolta ic  panels (PV/TSC), 

the hybr id provides both space heat ing and e lectr ic i ty (F igure. 2).   

The area of  Transpired Solar Col lectors for  space heat ing in the hybr id is  

reduced as i t  is replaced by Photovolta ic for e lect r ic i ty  generat ion.  
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Section B: Real Integration Examples  

8) The integration of solar energy technologies, in general,  in buildings 
contributes posit ively towards the creation of a sustainable buil t 
environment.*  

(  )  Agree  
( )  Disagree  
( )  No Opinion  

Comments:  
____________________________________________  
____________________________________________  

9) Who does take the decision to use Transpired solar collectors in a  
building:  

(You can se lect  more t han 1 opt ion)  

9a: For Domestic buildings (i .e .  dwell ings):  

[  ]  Government Regula t ion Inf luence  
[  ]  Cl ient  
[  ]  Architect  
[  ]  Pro ject  Manager  
[  ]  Engineer ing ( includes mechanica l integrat ing team)  
[  ]  Integrat ion Design Team (which invo lves al l  the above)  

9b: For Non-Domestic  buildings ( i .e.  offices):  

[  ]  Government Regula t ion Inf luence  
[  ]  Cl ient  
[  ]  Architect  
[  ]  Pro ject  Manager  
[  ]  Engineers  
[  ]  Integrat ion Design Team (which invo lves al l  the above)  

Comments:  
____________________________________________  
____________________________________________  

10) The integration scheme of transpired solar thermal is decided by: 
e.g. Façade integration, and Roof integration  

[  ]  Architect  
[  ]  Cl ient  
[  ]  Government Regula t ion Inf luence  
[  ]  Pro ject  Manager  
[  ]  Engineers ( inc ludes mechanical integrat ing team)  
[  ]  Integrat ion Design Team (which invo lves al l  the above)  

Comments: _____________________________________  
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The following questions (11 -17) contain selective integration images of 

transpired solar collectors (TSC) and hybrid Photovoltaics with 

Transpired Solar (PV/TSC) for Commercial/ Inst itutional and Residential  

buildings. Please tick your appropriate rating sc ale for  each integration 

scheme in terms of Multi - functional role* and Aesthetics**.  

*Multi -functional role:  as an architectural design element (i .e .  cladding,  

shading device, roof ti le…) in addition to i ts purpose of energy 

generation.  

**Aesthetics:  the beauty and the visual appearance of the integration 

within the building envelope context.  

The rat ing sca le is interpreted as: ( -2) is  very poor,  ( -1) is poor,  (0) is  

Neutra l ,  (+1)  is  good, and (+2) is  perfect .  

 

Façade integrat ion –  TSC (Non-
domest ic Governmental Bu i ld ing).  
Ann Arbor Munic ipal Bui ld ing, USA.  
InSpire wal l  (atas,  2010)  

11) Please tick your appropriate 
rating scale  

 

Multi -Functional Role  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  

Aesthetics  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  

Comments:  

____________________________
____________________________
__________ 

 

Façade integrat ion –  TSC (Non-
domest ic Inst i tu t ional Bui ld ing).  
Northern Ar izona Universi ty,  Dis tance 
Learning Center,  USA. (SolarWall®,  
2009) 

12) Please tick your appropriate 
rating scale  

 

Multi -Functional Role  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  

 

Aesthetics  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  

Comments:  

____________________________
____________________________
__________ 
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Façade integrat ion –  TSC (Non-
domest ic Commerc ial  Bui ld ing).  
Group Dion,  Off ices, Quebec -  
Canada. (Matr ixAir,  2010)  

13) Please tick your appropriate 
rating scale  

 

Multi -Functional Role  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  

 

Aesthetics  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  

Comments:  

____________________________
____________________________
__________ 

 

Façade integrat ion - TSC (Mixed-use 
Resident ia l  Bui ld ing).  The 
CURRENTS Residences, Canada, 
(solarwal l ,  n.d)  

14) Please tick your appropriate 
rating scale  

 

Multi -Functional Role  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  

 

Aesthetics  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  

 

Comments:  

____________________________
____________________________
__________  

 

Façade integrat ion –  PV/TSC (Non-
domest ic Inst i tut ional  Bui ld ing).  Ste  
Margueri te Bourgeoys school ,  
Ontario -  Canada (Solarwal l ,  n.d)  

15) Please tick your appropriate 
rating scale  

Multi -Functional Role  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  

 

Aesthetics  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  

Comments:  

____________________________
____________________________
__________  
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Roof integrat ion –  TSC duct,  (Non -
domest ic Commerc ial  Bui ld ing).  
Renault  dea lership,  Spain (So larwal l ,  
n.d)  

16) Please tick your appropriate 
rating scale  
Multi -Functional Role  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  
 
Aesthetics  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  
Comments:  
______________________________
______________________________
______  

 
Roof integrat ion –  PV/TSC (Non-
domest ic Inst i tu t ional Bui ld ing).  
Turner Fenton School,  Ontar io -  
Canada, (So larwal l ,  n.d)  

17) Please tick your appropriate 
rating scale  
Multi -Functional Role  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  

 
Aesthetics  

(  )  -2  ( )  -1  ( )  0  ( )  +1  ( )  +2  

Comments:  
______________________________
______________________________
______  

 

 

 

Section C: Architectural integration of Transpired solar  collectors  

18) The pr iori ty in selecting transpired solar collectors in buildings 

should be according to which aspects?  

(You can se lect  more than 1 opt ion) *  

[  ]  Mult i -Funct iona l (as an arch itectural design element)  
[  ]  Aesthet ics  
[  ]  Funct ion (as energy generat ing device)  
[  ]  Other  
Comments :  ______________________________  
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TSC: Transpired Solar Collectors. PV/TSC: Hybrid (Transpired Solar  

Collectors and Photovoltaic Panels) .  

 

19) At a typical building’s geometry and adjacent parameters, which of 

the following integration schemes of transpired solar collectors would 

you recommend for?  

(You can se lect  more than 1 opt ion)  

Non-domestic office buildings  

[  ]  TSC (Façade)  
[  ]  TSC (Roof)  
[  ]  PV/TSC (Façade)  
[  ]  PV/TSC (Roof)  

Domestic residential  buildings  

[  ]  TSC (Façade)  
[  ]  TSC (Roof)  
[  ]  PV/TSC (Façade)  
[  ]  PV/TSC (Roof)  

Comments:  
____________________________________________  
____________________________________________  
____________________________________________  
____________________________________________  

20) At a new residential  building: I f  a project required a minimum of 20% 

renewable energy to be provided, which of th e following options (if  any) 

would you advise to be integrated?  

(You can se lect  more than 1 opt ion) *  

[  ]  Transpired Solar Col lector (TSC)  
[  ]  Photovol ta ic  (PV)  
[  ]  Hybr id (PV/TSC)  
[  ]  Solar Water Heat ing  
[  ]  Wind Energy  
[  ]  Ground Source heat  pump  

Please explain the reason of your selection:  
____________________________________________  
____________________________________________  
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21) At an existing residential  building:  I f  a project required a minimum 

of 20% renewable energy to be provided, which of the f ollowing options  

(if  any) would you advise to be integrated?  

(You can se lect  more than 1 opt ion)*  

[  ]  Transpired Solar Col lector (TSC)  
[  ]  Photovol ta ic  (PV)  
[  ]  Hybr id (PV/TSC)  
[  ]  Solar Water Heat ing  
[  ]  Wind Energy  
[  ]  Ground Source heat  pump  

Please explain the reason of your selection:  
____________________________________________  
____________________________________________  

22) You would support integrating transpired solar collectors in  

buildings for:*  

(  )  New design  
( )  Refurbishment  
( )  Both  
( )  Other:  _________________  

23) I t  is often dif ficul t to harmonis e transpired solar collectors with the 
architectural concept,  when local authori ty design guidelines are set -up 
for tradit ional buildings:  

(You can se lect  1  answer)  

(  )  Agree  
( )  Disagree  
( )  No Opinion  

Comments:  
____________________________________________  
____________________________________________  

24) At which stage of building development would you recommend the 

integration of transpired solar  collectors in buildings to be?  

(You can se lect  1  answer)  

(  )  Or ig ina l ly integrated into the archi tectural  design  
( )  Attached at later stage  
( )  Subject  to pro ject  team decision as di f fers f rom a project  to another  

Comments:  
____________________________________________  
____________________________________________  
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25) For façade integration, transpired solar collectors technology is 

preferable to be aesthetically:  

(You can se lect  1  answer)  

(  )  Clear ly Featured  
( )  Somewhat Inv is ib le  
( )  No Opinion  

Comments:  
____________________________________________  
____________________________________________  
____________________________________________  
____________________________________________  

26) In order to achieve architectural unity,  would you recommend 

dummy panels on other facades (i .e.  Not sun facing) to match the 

functional unit which is only on the sun facing façade:  

(You can se lect  1  answer)  

(  )  Yes 
( )  Somet imes  
( )  No 

Comments:  
____________________________________________  
____________________________________________  
____________________________________________  

27) Transpired solar collectors technology,  as a  source of  

comparatively low-cost renewable energy, contr ibutes positively  

towards the creation of a sustainable bui lt  environment:  

(You can se lect  1  answer)  
(  )  Agree 
( )  Disagree  
( )  No Opinion  

Comments:  
____________________________________________  
____________________________________________  
____________________________________________  
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28) Please indicate the importance of the following sustainable design 
characteristics i f  you were selecting a transpired solar  collector for a  
building.  

(-2) is not important  at  a l l ,  ( -1) is not important,  (0) is  Neutra l ,  (+1)  is 
important,  and (+2) is s ignif icant ly important  

 
-2  -1  0 +1 +2 

Indoor Thermal Comfort  (  )  (  )  (  )  (  )  (  )  

Reducing Carbon Dioxide (CO2) 
and Cl imate Change  

( )  (  )  (  )  (  )  (  )  

Improving Indoor Ai r Qual i ty  (  )  (  )  (  )  (  )  (  )  

Energy Saving  ( )  (  )  (  )  (  )  (  )  

Cost Effect iveness  ( )  (  )  (  )  (  )  (  )  

Mater ia l  used (Meta l /  
Polycarbonate),  as recycled 
product  

(  )  (  )  (  )  (  )  (  )  

Comments:  (You may prov ide separate comments for d i f ferent  types of  
bui ld ing (e.g domest ic resident ia l  and, non -domest ic of f ice,  inst i tut ional…)  
_______________________________________________________________ 
_______________________________________________________________ 

29) Which of the following commercial ly available transpired solar  
collectors are you famil iar with?  

(You can se lect  more than 1 opt ion)  
[  ]  SolarWall®  
[  ]  InSpireTM wal l  
[  ]  Matr ixAir TR 
[  ]  LubiTM 
[  ]  Co lorcoat Renew® 
[  ]  Not Appl icable  

Comments:  
____________________________________________  
____________________________________________  
____________________________________________  

30) The quality  of the currently available transpired solar  c ollectors 
technology and commercial products is:  

(You can se lect  1  answer)  
(  )  Sat isfactory  
( )  Neutral  
(  )  Unsat isfactory  
( )  No Opinion  

Comments:  
____________________________________________  
____________________________________________  
____________________________________________  
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31) The state -of-the-art  integration of transpired solar collectors 
technology might need further innovative development,  i f  any, by:  

(You can se lect  more than 1 opt ion)  
[  ]  Architects  
[  ]  Research and design teams  
[  ]  Integrat ion design teams  
[  ]  No further act ions required  

Comments  (p lease specify the needed development,  i f  any):  
____________________________________________  

32) From your experience, are any possible drawbacks usual ly made 
clear by the manufacturer at the design phase? 

(You can se lect  1  answer)  
(  )  Yes 
( )  Somet imes  
( )  No 
( )  Not Appl icable  

Comments:  
____________________________________________  

33) I f  the decision has been made to install  transpired solar collectors 
and you are trying to source one, what would be the most important 
factor? 

(You can se lect  1  answer)  
(  )  Re l iab i l i ty (constant  performance and ef f ic iency which cou ld exceed 75%)  
( )  Durabi l i ty (capabi l i ty of  withstand ing)  
( )  L i fe span (approx imately 40 years)  
(  )  Warranty (approx imately 25  years)  
(  )  Maintenance (committed serv ice cont ract)  
(  )  Low Capita l  Cost ( to reduce the payback 2 - 12 years)  

Comments:  (You may prov ide separate comments for d i f ferent  types of  
bui ld ing (e.g domest ic resident ia l  and, non -domest ic of f ice,  inst i tut ional…)  
____________________________________________  

34) Would you f ind technical presentations and demonstrations helpful 
in your future decisions about integrating a transpired solar collector  
into a building?  

(You can se lect  1  answer) *  
(  )  Agree  
( )  Disagree  
( )  Maybe 
( )  No Opinion  

Comments:  
____________________________________________  
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35) The following standard 
colour chart is available for  
transpired solar col lectors,  
would you see further colour 
range is needed.  

  
(  )  Yes, specify colour(s):  
_________________ 
( )  No 

 
Comments:  
_________________________

_________________________

_________________________

_________________________

_________________________

_________________________

_________________________

_  

36) The l ighter colours have 
lower solar absorptiv ity than darker colours; which reaches 42% for the 
Oyster colour versus 96% for black colour for instance. Does this  
contradict the aesthetics coherence in your opinion?  

(You can se lect  1  answer)  
(  )  Yes 
( )  No 
( )  Maybe  
( )  No Opinion  

Comments:  
____________________________________________  
____________________________________________  

37) Transpired solar  collectors might be useful in providing summer  
cooling, would you recommend a dual function through conversion to:  

(You can se lect  more than 1 opt ion)  
[  ]  Solar ch imney  
[  ]  Act as sun shading device  
[  ]  Dual funct ion is not recommended  
[  ]  Other,  p lease specify:  

Comments:  
____________________________________________  
____________________________________________  
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38) Heated air via transpired sola r collectors could better be suppl ied 
into the interior space through:  

In Domestic dwell ings:  

(  )  HVAC (Heat,  Vent i lat ion, and Air Condit ioning)  
( )  Direct  f low (mechanical  vent i lat ion)  
(  )  Other technique,  

Please specify:  _________________  

In Non-domestic  office buildings:  

(  )  HVAC (Heat,  Vent i lat ion, and Air Condit ioning)  
( )  Direct  f low (mechanical  vent i lat ion)  
(  )  Other technique,  

Please specify:  _________________  

Comments:  
____________________________________________  
____________________________________________  
____________________________________________  
____________________________________________  
____________________________________________  

39) When HVAC is not available at refurbished buildings with transpired 
solar collectors’ technology, the recommended decision is:  

In Domestic dwell ings:  

(  )  Insta l l  new HVAC system  
( )  Direct  f low (mechanical  vent i lat ion)  
(  )  Other technique,  

Please specify:  _________________  

In Non-domestic  office buildings:  

(  )  Insta l l  new HVAC system 
( )  Direct  f low (mechanical  vent i lat ion)  
(  )  Other technique,  

Please specify:  _________________  

Comments:  
____________________________________________  
____________________________________________  
____________________________________________  
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Section D: Key Issues  

40) From your experience, what are the Key issues and barr iers for  
architecturally integrating transpired solar collectors in Domestic 
residential  buildings,  and Non -domestic office buildings? 

_______________________________________________________________ 
_______________________________________________________________ 
_______________________________________________________________ 
 

41) Please give any further comments here:  

_______________________________________________________________ 
_______________________________________________________________
_______________________________________________________________ 
_______________________________________________________________ 

42) I  appreciate your feedback.  I f  you would l ike to receive a  copy of the 
survey results,  please provide your contact details.  

Name: ____________________________________________  
Tit le:  ____________________________________________  
Emai l  Address: ________________ ____________________________ 
Phone Number:  ____________________________________________  
 

 

Thank You!  

 

Thank you for taking this survey and sharing your experience and 
opinions. I  appreciate your response which is very important to me.  
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Figure B-1: Compar ison of  Energy Rat ings of  Homes,  (A lter 2009) 
WSchVO: German Heat  Protect ion Regula t ion ,  SBN: Swedish Construct ion 
Standard   
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Table B-1: Basics of  passivHaus Standards in UK, (Alter 2009)  

Compact form and good 
insulat ion:  

Al l  components o f  the exter ior  she l l  of  the house 
are insulated to achieve a U -fac tor  that  does  not  
exceed 0.15 W/(m²K) (0 .026 Btu/h/ f t ² /°F).  

Southern orientation 
and shade 
considerations:  

Passive use o f  sola r  energy is  a s igni f icant  fac tor  
in  pass ive house design.  

Energy-eff ic ient  window 
glazing and frames:  

Windows (g laz ing and f rames,  combined) should  
have U- factors not  exceeding 0.80 W/(m²K) (0.14  
Btu/h/ f t ² /°F),  wi th solar  heat -gain  coef f ic ients  
around 50%. 

Building envelope  
air- t ightness:  

Air  leakage through unsealed jo ints  must  be less 
than 0.6  t imes the house volume per  hour .  

Passive preheating of 
fresh ai r:  

Fresh ai r  may  be brought  in to the house th rough 
underground ducts that  exchange heat  wi th the soi l .  
This  preheats f resh a i r  to a tempera ture above 5°C 
(41°F),  even on cold win ter  days.  

Highly ef f icient heat 
recovery from exhaust 
air   
using an ai r - to-a ir  heat 
exchanger:  

Most of  the percept ib le  heat  in  the exhaust  a i r  is  
t ransferred to the incoming f resh a i r  (heat  recovery  
rate over 80%).  

Energy-saving 
household appliances:  

Low energy refr igerators,  s toves,  f reezers,  lamps,  
washers,  dryers,  etc .  are ind ispensab le  in a 
passive house.  

Total  Energy demand for 
space heating and 
cooling:  

Less than 15 kw/m2/yr  
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Table B-2: Solar  heat ing and coo l ing technologies by act ive and passive 
designs (Chan et  a l .  2010)  
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Figure B-2: Passive solar heat ing three conf igurat ions (Christensen 2009) 
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Table B-3: Advantages and disadvantages of  two types of  so lar chimney, 
(Shi and Chew 2012)  
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Table B-4: Types of  PV cel ls (Abu-Hi j leh lecture BUiD,  2010)  
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Figure B-3: Opaque and semi- transparent mono-crystal l ine ( lef t )  and 
polycrystal l ine PV module (Abu -Hi j leh lecture  BUiD, 2010)  

 

Table B-5: Character ist ics of  the test  p la tes for Van Decker et  a l .  (2001)  

Plate no. 

Plate 

material 

Hole 

pitch 

P (mm) 

Hole 

Diameter 

D (mm) 

Plate 

thickness 

t (mm) 

Plate thermal 

conductivity 

k (W/mK) 

1 Alum.* 16.89 1.6 0.86 186 

2 Alum.* 16.89 1.6 0.86 186 

3 PVC** 16.89 1.6 1.69 0.149 

4 S. Steel*** 13.33 1.6 1.57 15.12 

5 PVC** 13.33 0.79 3.11 0.149 

6 PVC** 8 1.2 6.51 0.149 

7 PVC** 24 3.6 1.6 0.149 

8 S. Steel*** 24 3.6 0.57 15.12 

9 PVC** 6.67 0.93 1.97 0.149 

*Alum.: aluminium; **PVC: polyvinyl chloride; ***S. Steel: stainless steel. 
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Table B-6: Input parameters and the ir  values used in the study, (Leon and 
Kumar 2007)  

S. No.  Input parameter  Range 

1 Approach velocity 0.02–0.03 m/s 

2 Solar radiation  400–900 W/m2 

3 Ambient temperature  30 °C 

4 Wind velocity  1.2 m/s 

5 Pressure drop across the absorber  25–80 Pa 

6 Plenum depth  120 mm 

7 Pitch (triangular)  12–24 mm 

8 Perforation diameter  0.80–1.55 mm 

9 Absorber material  Mild steel 

Design parameters used for reference collector 

1 Solar absorptance  0.95 

2 Thermal emittance  0.85 

3 Pitch  20 mm 

4 Perforation diameter  1.25 mm 

 

 

Figure B-4: Effect  o f  poros ity on heat  exchange effect iveness, for  an 
approach ve loci ty of  0.025 m/s,  (Leon and Kumar 2007)  
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Figure B-5: Effect  o f  poros ity  on co l lector ef f ic iency,  for  an approach  
veloc ity of  0.025 m/s,  (Leon and Kumar 2007)  

 

Figure B-6: Heat exchange effect iveness as a funct ion of  co l lector p i tch and 
perforat ion diameter,  (Leon and Kumar 2007)  
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Table B-7: TSCs research parameters,  (Motahar and Alemra jabi 2010)  

Parameter* value 

Collector height (m)  2.44 

Collector length (m)  1.83 

Plenum depth (m)  0.0762 

Hole diameter (m)  0.00159 

Hole pitch (m)  0.0214 

Absorptivity of collector  0.9 

Emissivity of collector  0.9 

*When one parameter is varied, the others are kept constant. 

Ambient Temperature =10 °C , Room Temperature 
= 20°C , Approach velocity = 0.02 m/s, wind speed = 1.2 m/s, Incident solar radiation = 800 W / m2 , 
Corrugation factor = 1 

 
 
 

 

Figure B-7: Exergy ef f ic iency contours in various perforat ion d iameter and 
pitch,  (Motahar and Alemra jabi 2010)  
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Table B-8: Commerc ial  technical  specif icat ion, Lubi ,  Enerconcept 
Technolog ies:  www.enerconcept.com.  

System General data SI 

Peak instantaneous efficiency 80,7% 

Maximum power output 800 W/m2 

Air flow range per panel 5-50 m3/h 

Operation mode  outside air, open-loop 

Maximum temperature increase 45oC 

Stagnation temperature 110oC 

Max. pressure drop. @ 30 cfm (50 m3/h) per panel 125 Pa 

Solar absorptance (black absorber)  

Hemispheric emissivity (black absorber)  

Solar transmittance of polycarbonate  

Test standard 0,95 

Date of testing in SRCC-accredited laboratory 0,88 

Efficiency drop due to wind 0,86 

LubiTM Panel CSA-F-378 

Length 904mm 

Height 320mm 

Overall panel depth 8,3 mm 

Perforations - number 906 

Perforations - diameter 2 mm 

Perforations - distance c/c 16 mm 

Spacers for horizontal thermal expansion 4 

Spacers for vertical thermal expansion 2 

Maximum thermal expansion (longitudinal) 7,5 mm 

Material UV-treated polycarbonate 

Surface finish smooth, with matt back side 

http://www.enerconcept.com/
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Figure B-8: Sinusoidal corrugated plate  geometry.  A: ampl i tude; P: 
wavelength,  (Gawl ik and Kutscher 2002)  

Table B-9: Plate geometr ies,  (Gawlik and Kutscher 2002)  

Plate designation  Amplitude (cm) Pitch (cm) Aspect ratio 

Base case  1.42 6.68 0.213 

Low aspect-1  1.42 13.4 0.106 

Low aspect-2  0.71 6.68 0.106 

High aspect  1.42 3.34 0.426 

 

Table B-10: Parameters for the experiment tests,  (Chan et a l .  2011)  

Parameter  Value/ range 

Solar radiation intensity (I), W/m2 300 - 800  

Suction velocity (vs), m/s 0.03 - 0.05  

Plenum depth (d), m  0.25 

Pressure drop across the collector (ΔP), Pa  12 - 36 

Pitch (P), m  0.012 

Hole diameter (D), m  0.0012 

Height of the collector (H), m  2.0 

Width of the collector (W), m  1.0 
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Figure B-9: Results  of  tota l ,  normal  and ver t ical  temperature r ise  at  
d i f ferent  suct ion mass f low rates,  (Chan et a l .  2011)  

 

Figure B-10: Results  of  total ,  normal and vert ica l temperature r ise at  
d i f ferent  solar radiat ion intensi t ies,  (Chan et a l .  2011)  



HASAN Jami l  ALF ARR A  APPEND IX  B  | |  SOLAR ENER GY  

 

Page |  396 

 

Figure B-11 :  Predicted ef f ic iency o f  vert ical  TSCs as a funct ion o f  suct ion 
veloc ity,  absorber emissivi ty,  and wind speed, (Kutscher et  a l .  1993)  

 

Figure B-12: Schematic representat ion of  typica l la rge sca le f low patterns 
around a bui ld ing with wind incident  normal to one wal l ,  (Fleck et  a l .  2002)  
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Figure B-13: Comparison of  the measured ef fect iveness with the 
corresponding ef fect iveness pred icted using the model of  Kutscher (1994),  
(Van Decker et  a l .  2001)  

 

Figure B-14: Decreasing TSCs eff ic iency with increasing solar i r radiat ion, 
(F leck et  a l .  2002)  
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Figure B-15: TSCs eff ic iency and mean wind speed (5 min averages 
measured on a  10 m mast) ind icat ing peak ef f ic iency at  around 1.5m/s,  
(F leck et  a l .  2002)  

Table B-11: Specif ica t ions of  the two p late  geometr ies studied,  (Gawl ik  et  
a l .  2005)  

Plate designator  Plate 5 Plate 8 

Hole diameter (mm)  3.2 1.6 

Distance between hole centres (mm)  13.5 27 

Porosity (%)  5 0.3 

Thickness (mm)  1.6 1.6 

 

Table B-12: Summary of  the exper imenta l results for two plate geometr ies 
and two plate materia ls,  (Gawl ik e t  a l .  2005)  
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Figure B-16: TSCs out let  temperature to solar radiat ion f luctuat ion at  a 
sunny dayt ime, (Ben-Amara et  a l .  2005)  

 

Table B-13: Effect iveness of  d i f ferent  types of  solar a ir  co l lector,  (Wang et  
a l .  2006)  

TYPE Flat Collector Unglazed 
Untranspired 
Collector 

Transpired Solar 
Collector 

Plenum Width (mm) 200 50 200 50 200 50 

Effectiveness 0.51 0.788 0.47 0.62 0.7 0.72 
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Figure B-17: CFD results  in  the form of Effect iveness versus Solar 
i r radiat ion (Radiant  In tensi ty)  F/R:  F low Rate ,  (Wang et a l .  2006)  

 

Figure B-18: Var iat ion of  desired exergy and TSCs ir revers ib i l i ty with  
approach ve loci ty,  (Motahar and Alemrajabi  2010)  

  

F/R 
F/R 
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Table B-14:Summary of  select ive core team members’ ro les among the 
seven IDP phases, (BC GBR 2007)  
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Table B-14 Continued: Summary o f  se lect ive core team members ’ ro les 
among the seven IDP phases, (BC GBR 2007)  
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Table C-1: Transformat ion of  r  to z,  (Pa l lant 2011)  

r zr r zr r zr r zr r zr 

.000 .000 .200 .203 .400 0.424 .600 .693 .800 1.099 

.005 .005 .205 .208 .405 0.430 .605 .701 .805 1.113 

.010 .010 .210 .213 .410 0.436 .610 .709 .810 1.127 

.015 .010 .215 .218 .415 0.442 .615 .717 .815 1.142 

.020 .015 .220 .224 .420 0.448 .620 .725 .820 1.157 

.025 .020 .225 .229 .425 .454 .625 .733 .825 1.172 

.030 .025 .230 .234 .430 .460 .630 .741 .830 1.188 

.035 .030 .235 .239 .435 .466 .635 .750 .835 1.204 

.040 .035 .240 .245 .440 .472 .640 .758 .840 1.221 

.045 .045 .245 .250 .445 .478 .645 .767 .845 1.238 

.050 .050 .250 .55 .450 .485 .650 .775 .850 1.256 

.055 .055 .255 .261 .455 .491 .655 .784 .855 1.274 

.060 .060 .260 .266 .460 .497 .660 .793 .860 1.293 

.065 .065 .265 .271 .465 .504 .665 .802 .865 1.313 

.070 .070 .270 .277 .470 .510 .670 .811 .870 1.333 

.075 .075 .275 .282 .475 .517 .675 .820 .875 1.354 

.080 .080 .280 .288 .480 .523 .680 .829 .880 1.376 

.085 .085 .285 .293 .485 .530 .685 .838 .885 1.398 

.090 .090 .290 .299 .490 .536 .690 .848 .890 1.422 

.095 .095 .295 .304 .495 .543 .695 .858 .895 1.447 

.100 .100 .300 .310 .500 .549 .700 .867 .900 1.472 

.105 .105 .305 .315 .505 .556 .705 .877 .905 1.499 

.110 .110 .310 .321 .510 .563 .710 .887 .910 1.528 

.115 .116 .315 .326 .515 .570 .715 .897 .915 1.557 

.120 .121 .320 .332 .520 .576 .720 .908 .920 1.589 

.125 .126 .325 .337 .525 .583 .725 .918 .925 1.623 

.130 .131 .330 .343 .530 .590 .730 .929 .930 1.658 

.135 .136 .335 .348 .535 .597 .735 .940 .935 1.697 

.140 .141 .340 .354 .540 .604 .740 .950 .940 1.738 

.145 .146 .345 .360 .545 .611 .745 .962 .945 1.783 

.150 .151 .350 .365 .550 .618 .750 .973 .950 1.832 

.155 .156 .355 .371 .555 .626 .755 .984 .955 1.886 

.160 .161 .360 .377 .560 .633 .760 .996 .960 1.946 

.165 .167 .365 .383 .565 .640 .765 .1.008 .965 2.014 

.170 .172 .370 .388 .570 .648 .770 1.020 .970 2.092 

.175 .177 .375 .394 .575 .655 .775 1.033 .975 2.185 

.180 .182 .380 .400 .580 .662 .780 1.045 .980 2.298 

.185 .187 .385 .406 .585 .670 .785 1.058 .985 2.443 

.190 .192 .390 .412 .590 .678 .790 1.071 .990 2.647 

.195 .198 .395 .418 .595 .685 .795 1.085 .995 2.994 
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Table C-2: Dist r ibut ion of  respondents in a crosstabulat ion of  profess ion 
and locat ion  

 Location 
  

Profession Total  
(1,295)  Architect Engineer Other 

Afghanistan 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Algeria 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Argentina 
Count 0 0 1 1 

% within Profession 0.0% 0.0% 0.5% 0.1% 

Australia 
Count 8 1 1 10 

% within Profession 1.0% 0.3% 0.5% 0.8% 

Austria 
Count 10 2 2 14 

% within Profession 1.2% 0.7% 1.0% 1.1% 

Bahrain 
Count 0 1 0 1 

% within Profession 0.0% 0.3% 0.0% 0.1% 

Bangladesh 
Count 2 0 0 2 

% within Profession 0.2% 0.0% 0.0% 0.2% 

Belgium 
Count 8 1 0 9 

% within Profession 1.0% 0.3% 0.0% 0.7% 

Belize 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Brazil 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Canada 
Count 67 31 26 124 

% within Profession 8.3% 10.4% 13.4% 9.6% 

Chile 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

China 
Count 1 0 1 2 

% within Profession 0.1% 0.0% 0.5% 0.2% 

Congo, Democratic 
Republic  

Count 0 1 0 1 

% within Profession 0.0% 0.3% 0.0% 0.1% 

Congo, Republic of 
the 

Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Costa Rica 
Count 0 0 1 1 

% within Profession 0.0% 0.0% 0.5% 0.1% 

Cyprus 
Count 3 1 1 5 

% within Profession 0.4% 0.3% 0.5% 0.4% 

Czech Republic 
Count 2 0 0 2 

% within Profession 0.2% 0.0% 0.0% 0.2% 

Denmark 
Count 5 1 0 6 

% within Profession 0.6% 0.3% 0.0% 0.5% 

Egypt 
Count 2 0 0 2 

% within Profession 0.2% 0.0% 0.0% 0.2% 

Estonia 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Ethiopia 
Count 1 0 1 2 

% within Profession 0.1% 0.0% 0.5% 0.2% 
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Table C-2 Cont inued 1: Dist r ibut ion of  respondents in  a crosstabulat ion of  
profess ion and locat ion  

 Location 
Profession Total  

(1,295)  Architect Engineer Other 

Finland 
Count 2 1 0 3 

% within Profession 0.2% 0.3% 0.0% 0.2% 

France 
Count 13 6 6 25 

% within Profession 1.6% 2.0% 3.1% 1.9% 

Germany 
Count 13 7 6 26 

% within Profession 1.6% 2.4% 3.1% 2.0% 

Greece 
Count 8 3 0 11 

% within Profession 1.0% 1.0% 0.0% 0.8% 

Hong Kong 
Count 1 1 0 2 

% within Profession 0.1% 0.3% 0.0% 0.2% 

Hungary 
Count 3 0 0 3 

% within Profession 0.4% 0.0% 0.0% 0.2% 

India 
Count 1 3 1 5 

% within Profession 0.1% 1.0% 0.5% 0.4% 

Indonesia 
Count 1 0 1 2 

% within Profession 0.1% 0.0% 0.5% 0.2% 

Iran 
 

Count 1 1 0 2 

% within Profession 0.1% 0.3% 0.0% 0.2% 

Ireland 
Count 24 1 2 27 

% within Profession 3.0% 0.3% 1.0% 2.1% 

Italy 
Count 25 8 1 34 

% within Profession 3.1% 2.7% 0.5% 2.6% 

Kuwait 
Count 0 1 0 1 

% within Profession 0.0% 0.3% 0.0% 0.1% 

Lebanon 
Count 2 0 0 2 

% within Profession 0.2% 0.0% 0.0% 0.2% 

Lithuania 
Count 0 1 0 1 

% within Profession 0.0% 0.3% 0.0% 0.1% 

Luxembourg 
Count 0 2 0 2 

% within Profession 0.0% 0.7% 0.0% 0.2% 

Malaysia 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Malta 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Mauritius 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Mexico 
Count 1 2 1 4 

% within Profession 0.1% 0.7% 0.5% 0.3% 

Netherlands 
Count 28 22 15 65 

% within Profession 3.5% 7.4% 7.7% 5.0% 

New Zealand 
Count 1 0 1 2 

% within Profession 0.1% 0.0% 0.5% 0.2% 

Nigeria 
Count 2 0 0 2 

% within Profession 0.2% 0.0% 0.0% 0.2% 

Norway 
Count 6 2 2 10 

% within Profession 0.7% 0.7% 1.0% 0.8% 
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Table C-2 Continued 2: Dist r ibut ion of  respondents in a crosstabulat ion of  
profess ion and locat ion  

 Location 
Profession Total  

(1,295)  Architect Engineer Other 

Pakistan 
Count 5 0 0 5 

% within Profession 0.6% 0.0% 0.0% 0.4% 

Palestine 
Count 2 1 1 4 

% within Profession 0.2% 0.3% 0.5% 0.3% 

Poland 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Portugal 
Count 6 2 1 9 

% within Profession 0.7% 0.7% 0.5% 0.7% 

Qatar 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Romania 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Russia 
Count 0 0 1 1 

% within Profession 0.0% 0.0% 0.5% 0.1% 

Saudi Arabia 
Count 1 2 0 3 

% within Profession 0.1% 0.7% 0.0% 0.2% 

Serbia 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Sierra Leone 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Singapore 
Count 1 1 0 2 

% within Profession 0.1% 0.3% 0.0% 0.2% 

Slovenia 
Count 0 3 4 7 

% within Profession 0.0% 1.0% 2.1% 0.5% 

South Africa 
Count 0 0 2 2 

% within Profession 0.0% 0.0% 1.0% 0.2% 

South Korea 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Spain 
Count 15 6 3 24 

% within Profession 1.9% 2.0% 1.5% 1.9% 

Sweden 
Count 6 1 2 9 

% within Profession 0.7% 0.3% 1.0% 0.7% 

Switzerland 
Count 4 9 4 17 

% within Profession 0.5% 3.0% 2.1% 1.3% 

Syria 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Taiwan 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Thailand 
Count 0 2 0 2 

% within Profession 0.0% 0.7% 0.0% 0.2% 

Turkey 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Ukraine 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 
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Table C-2 Continued 3: Dist r ibut ion of  respondents in a crosstabulat ion  of  
profess ion and locat ion  

 Location 
Profession Total  

(1,295)  Architect Engineer Other 

United Arab Emirates 
Count 8 3 1 12 

% within Profession 1.0% 1.0% 0.5% 0.9% 

United Kingdom – 
England 

Count 105 91 46 242 

% within Profession 13.1% 30.6% 23.7% 18.7% 

United Kingdom - Wales 
Count 48 14 16 78 

% within Profession 6.0% 4.7% 8.2% 6.0% 

United Kingdom - 
Scotland 

Count 43 7 4 54 

% within Profession 5.3% 2.4% 2.1% 4.2% 

United Kingdom - North 
Ireland 

Count 4 3 0 7 

% within Profession 0.5% 1.0% 0.0% 0.5% 

United States 
Count 292 52 38 382 

% within Profession 36.3% 17.5% 19.6% 29.5% 

Uruguay 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Uzbekistan 
Count 1 0 1 2 

% within Profession 0.1% 0.0% 0.5% 0.2% 

Venezuela 
Count 1 0 0 1 

% within Profession 0.1% 0.0% 0.0% 0.1% 

Total 
Count 804 297 194 1295 

% within Profession 100.0% 100.0% 100.0% 100.0% 

Table C-3: Crosstabulat ion of  work f ie ld and profess ion  

Work Field 
Profession 

Total 
Architect Engineer Other 

Academia 

Count 114 99 80 293 

% within Work Field 38.9% 33.8% 27.3% 100.0% 

% within Profession 14.2% 33.3% 41.2% 22.6% 

Consultancy 

Count 463 132 43 638 

% within Work Field 72.6% 20.7% 6.7% 100.0% 

% within Profession 57.6% 44.4% 22.2% 49.3% 

Contracting 

Count 86 18 23 127 

% within Work Field 67.7% 14.2% 18.1% 100.0% 

% within Profession 10.7% 6.1% 11.9% 9.8% 

Local 
Government 

Count 26 10 6 42 

% within Work Field 61.9% 23.8% 14.3% 100.0% 

% within Profession 3.2% 3.4% 3.1% 3.2% 

National 
Government 

Count 15 13 12 40 

% within Work Field 37.5% 32.5% 30.0% 100.0% 

% within Profession 1.9% 4.4% 6.2% 3.1% 

Other 

Count 100 25 30 155 

% within Work Field 64.5% 16.1% 19.4% 100.0% 

% within Profession 12.4% 8.4% 15.5% 12.0% 

Total 

Count 804 297 194 1295 

% within Work Field 62.1% 22.9% 15.0% 100.0% 

% within Profession 100.0% 100.0% 100.0% 100.0% 
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Table C-4: Crosstabulat ion of  year of  experience and profession  

Years of Experience 
Profession 

Total 
Architect Engineer Other 

Less than 5 

Count 48 39 34 121 

% within Experience 39.7% 32.2% 28.1% 100.0% 

% within Profession 6.0% 13.1% 17.5% 9.3% 

5 - 10 

Count 98 63 34 195 

% within Experience 50.3% 32.3% 17.4% 100.0% 

% within Profession 12.2% 21.2% 17.5% 15.1% 

11 - 15 

Count 82 32 29 143 

% within Experience 57.3% 22.4% 20.3% 100.0% 

% within Profession 10.2% 10.8% 14.9% 11.0% 

More than 
15 

Count 576 163 97 836 

% within Experience 68.9% 19.5% 11.6% 100.0% 

% within Profession 71.6% 54.9% 50.0% 64.6% 

Total 

Count 804 297 194 1295 

% within Experience 62.1% 22.9% 15.0% 100.0% 

% within Profession 100.0% 100.0% 100.0% 100.0% 

 
 

Table C-5: Crosstabulat ion  of  h ighest academic degree and profession  

Highest academic degree 
Profession 

Total 
Architect Engineer Other 

PhD 

Count 74 77 54 205 

% within Highest academic 
degree 

36.1% 37.6% 26.3% 100.0% 

% within Profession 9.2% 25.9% 27.8% 15.8% 

MSc / MA 

Count 395 124 59 578 

% within Highest academic 
degree 

68.3% 21.5% 10.2% 100.0% 

% within Profession 49.1% 41.8% 30.4% 44.6% 

BSc / BA 

Count 266 83 49 398 

% within Highest academic 
degree 

66.8% 20.9% 12.3% 100.0% 

% within Profession 33.1% 27.9% 25.3% 30.7% 

Other 

Count 69 13 32 114 

% within Highest academic 
degree 

60.5% 11.4% 28.1% 100.0% 

% within Profession 8.6% 4.4% 16.5% 8.8% 

Total 

Count 804 297 194 1295 

% within Highest academic 
degree 

62.1% 22.9% 15.0% 100.0% 

% within Profession 100.0% 100.0% 100.0% 100.0% 
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Table C-6: Crosstabulat ion of  pro ject  type involvement and profess ion  

Project Type 
Profession 

Total 
Architect Engineer Other 

Commercial 

Count 460 160 79 699 

% within Project involvement 65.8% 22.9% 11.3% 100.0% 

% within Profession 57.2% 53.9% 40.7% 
 

Residential 

Count 555 118 86 759 

% within Project involvement 73.1% 15.5% 11.3% 100.0% 

% within Profession 69.0% 39.7% 44.3% 
 

Institutional 

Count 343 136 76 555 

% within Project involvement 61.8% 24.5% 13.7% 100.0% 

% within Profession 42.7% 45.8% 39.2% 
 

Industrial 

Count 152 81 40 273 

% within Project involvement 55.7% 29.7% 14.7% 100.0% 

% within Profession 18.9% 27.3% 20.6% 
 

Other 

Count 133 76 53 262 

% within Project involvement 50.8% 29.0% 20.2% 100.0% 

% within Profession 16.5% 25.6% 27.3% 
 

 

Table C-7: Crosstabulat ion of  awareness of  TSC and profess ion  

Awareness 
Profession 

Total 
Architect Engineer Other 

Expert 

Count 6 14 2 22 

% within Awareness 27.3% 63.6% 9.1% 100.0% 

% within Profession 0.7% 4.7% 1.0% 1.7% 

Aware 

Count 402 154 87 643 

% within Awareness 62.5% 24.0% 13.5% 100.0% 

% within Profession 50.0% 51.9% 44.8% 49.7% 

Unaware 

Count 396 129 105 630 

% within Awareness 62.9% 20.5% 16.7% 100.0% 

% within Profession 49.3% 43.4% 54.1% 48.6% 

Total 

Count 804 297 194 1295 

% within Awareness 62.1% 22.9% 15.0% 100.0% 

% within Profession 100.0% 100.0% 100.0% 100.0% 
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Table C-8: Crosstabulat ion of  awareness of  TSC with in Geographic  region  

Awareness 

Geographic Region 

Total 

Canada USA UK Europe 
Other 
Countries 

Expert 

Count 4 3 4 6 5 22 

% within Awareness 18.2% 13.6% 18.2% 27.3% 22.7% 100.0% 

% within Geographic Region 3.2% .8% 1.0% 1.9% 5.6% 1.7% 

% of Total 0.3% 0.2% 0.3% 0.5% 0.4% 1.7% 

Aware 

Count 84 155 197 164 43 643 

% within Awareness 13.1% 24.1% 30.6% 25.5% 6.7% 100.0% 

% within Geographic Region 67.7% 40.6% 51.7% 51.4% 48.3% 49.7% 

% of Total 6.5% 12.0% 15.2% 12.7% 3.3% 49.7% 

Unaware 

Count 36 224 180 149 41 630 

% within Awareness 5.7% 35.6% 28.6% 23.7% 6.5% 100.0% 

% within Geographic Region 29.0% 58.6% 47.2% 46.7% 46.1% 48.6% 

% of Total 2.8% 17.3% 13.9% 11.5% 3.2% 48.6% 

Total 

Count 124 382 381 319 89 1295 

% within Awareness 9.6% 29.5% 29.4% 24.6% 6.9% 100.0% 

% within Geographic Region 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 9.6% 29.5% 29.4% 24.6% 6.9% 100.0% 
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Table C-9: General  awareness ( two categories of  overal l  awareness which 
represents both expert  and aware respondents,  and unaware due to Chi -
square stat is t ica l  ru les) in a crosstab with  geographic region.  

General awareness of 
TSC 

Geographic Region 

Total 
Canada USA UK Europe 

Other 
Countries 

Overall awareness 

Count 88 158 201 170 48 665 

% within General 
awareness 

13.2% 23.8% 30.2% 25.6% 7.2% 100.0% 

% within Geographic 
Region 

71.0% 41.4% 52.8% 53.3% 53.9% 51.4% 

% of Total 6.8% 12.2% 15.5% 13.1% 3.7% 51.4% 

Unaware 
      

Count 36 224 180 149 41 630 

% within General 
awareness 

5.7% 35.6% 28.6% 23.7% 6.5% 100.0% 

% within Geographic 
Region 

29.0% 58.6% 47.2% 46.7% 46.1% 48.6% 

% of Total 2.8% 17.3% 13.9% 11.5% 3.2% 48.6% 

Total 
      

Count 124 382 381 319 89 1295 

% within General 
awareness 

9.6% 29.5% 29.4% 24.6% 6.9% 100.0% 

% within Geographic 
Region 

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 9.6% 29.5% 29.4% 24.6% 6.9% 100.0% 

Chi-Square Tests 

  Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 35.380a 4 .000 

Likelihood Ratio 36.102 4 .000 

Linear-by-Linear Association .000 1 .988 

N of Valid Cases 1295     

a. 0 cells (0.0%) have expected count less than 5. The 
minimum expected count is 43.30. 

   

Symmetric Measures 

  Value Approx. Sig.   

Nominal by Nominal 
Phi .165 .000   

Cramer's V .165 .000   

N of Valid Cases 1295     

a. Not assuming the null hypothesis.  

b. Using the asymptotic standard error assuming the null hypothesis. 
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Table C-10: Crosstabulat ion of  TSC awareness with in pro ject  invo lvement  

Project 
Involvement 

Awareness of Transpired Solar Collectors technology Total 

Expert Aware Unaware 

Count Row N 
% 

Count Row N 
% 

Count Row N 
% 

Cou
nt 

Row N 
% 

Commercial 12 1.7% 384 54.9% 303 43.3% 699 100.0% 

Residential 15 2.0% 393 51.8% 351 46.2% 759 100.0% 

Institutional 10 1.8% 305 55.0% 240 43.2% 555 100.0% 

Industrial 11 4.0% 153 56.0% 109 39.9% 273 100.0% 

Other 6 2.3% 113 43.1% 143 54.6% 262 100.0% 

Table C-11: Crosstabulat ion of  TSC awareness with in work ing f ie ld  

Work Field 

Awareness of Transpired Solar 
Collectors technology Total 

Expert Aware Unaware 

Academia 

Count 11 142 140 293 

% within Work Field 3.8% 48.5% 47.8% 100.0% 

% within Awareness 50.0% 22.1% 22.2% 22.6% 

% of Total 0.8% 11.0% 10.8% 22.6% 

Consultancy 

Count 7 337 294 638 

% within Work Field 1.1% 52.8% 46.1% 100.0% 

% within Awareness 31.8% 52.4% 46.7% 49.3% 

% of Total 0.5% 26.0% 22.7% 49.3% 

Contracting 

Count 2 58 67 127 

% within Work Field 1.6% 45.7% 52.8% 100.0% 

% within Awareness 9.1% 9.0% 10.6% 9.8% 

% of Total 0.2% 4.5% 5.2% 9.8% 

Local Government 

Count 0 20 22 42 

% within Work Field 0.0% 47.6% 52.4% 100.0% 

% within Awareness 0.0% 3.1% 3.5% 3.2% 

% of Total 0.0% 1.5% 1.7% 3.2% 

National 
Government 

Count 1 18 21 40 

% within Work Field 2.5% 45.0% 52.5% 100.0% 

% within Awareness 4.5% 2.8% 3.3% 3.1% 

% of Total 0.1% 1.4% 1.6% 3.1% 

Other 

Count 1 68 86 155 

% within Work Field 0.6% 43.9% 55.5% 100.0% 

% within Awareness 4.5% 10.6% 13.7% 12.0% 

% of Total 0.1% 5.3% 6.6% 12.0% 

Total 

Count 22 643 630 1295 

% within Work Field 1.7% 49.7% 48.6% 100.0% 

% within Awareness 100.0% 100.0% 100.0% 100.0% 

% of Total 1.7% 49.7% 48.6% 100.0% 
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Table C-12: General awareness in a crosstab and Pearson’s Chi -square with  
work f ie ld  

Work Field 

  

General Awareness of TSC 
Total 

Overall Awareness Unaware 

Academia 

Count 153 140 293 

% within Work Field 52.2% 47.8% 100.0% 

% of Total 11.8% 10.8% 22.6% 

Consultancy 

Count 344 294 638 

% within Work Field 53.9% 46.1% 100.0% 

% of Total 26.6% 22.7% 49.3% 

Contracting 
   

Count 60 67 127 

% within Work Field 47.2% 52.8% 100.0% 

% of Total 4.6% 5.2% 9.8% 

Local Government 
   

Count 20 22 42 

% within Work Field 47.6% 52.4% 100.0% 

% of Total 1.5% 1.7% 3.2% 

National Government 
   

Count 19 21 40 

% within Work Field 47.5% 52.5% 100.0% 

% of Total 1.5% 1.6% 3.1% 

Other 
   

Count 69 86 155 

% within Work Field 44.5% 55.5% 100.0% 

% of Total 5.3% 6.6% 12.0% 

Total 
   

Count 665 630 1295 

% within Work Field 51.4% 48.6% 100.0% 

% of Total 51.4% 48.6% 100.0% 

Chi-Square Tests 

  Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 5.999a 5 .306 

Likelihood Ratio 6.003 5 .306 

Linear-by-Linear Association 4.333 1 .037 

N of Valid Cases 1295 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 19.46. 

Symmetric Measures 

 
Value Approx. Sig. 

Nominal by Nominal 
Phi .068 .306 

Cramer's V .068 .306 

N of Valid Cases 1295 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 
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Table C-13: Crosstabulat ion of  solar  techno logies in general  and Profess ion 

(Q8)  

Solar technologies 
Profession 

Total 
Architect Engineer Other 

Agree Count 630 231 135 996 

% within Solar technologies 63.3% 23.2% 13.6% 100.0% 

% within Profession 92.0% 90.9% 89.4% 91.4% 

% of Total 57.8% 21.2% 12.4% 91.4% 

Disagree Count 20 10 1 31 

% within Solar technologies 64.5% 32.3% 3.2% 100.0% 

% within Profession 2.9% 3.9% .7% 2.8% 

% of Total 1.8% .9% .1% 2.8% 

No Opinion Count 35 13 15 63 

% within Solar technologies 55.6% 20.6% 23.8% 100.0% 

% within Profession 5.1% 5.1% 9.9% 5.8% 

% of Total 3.2% 1.2% 1.4% 5.8% 

Total Count 685 254 151 1090 

% within Solar technologies 62.8% 23.3% 13.9% 100.0% 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 62.8% 23.3% 13.9% 100.0% 

 

Table C-14: Authori ty of  decis ion to use TSC in domest ic bui ld ings (Q9A)  

 Decision making categories 

Profession 

Architect Engineer Other 

Count Count Count 

Government Regulation Influence 209 91 60 

Client 514 159 105 

Architect 370 99 55 

Project Manager 34 23 18 

Engineering 130 72 25 

Integration Design Team (which involves all 
the above) 

220 94 51 
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Table C-15: Select ion of  Archi tect  as a decision maker at  domest ic bui ld ings 
in  a crosstab and Pearson’s Chi -square test  with geographic  reg ion  

Q9A: Architect 

Geographic Region 

Total 
Canada USA UK Europe 

Other 
Countries 

Checked 

Count 39 180 144 131 30 524 

% within Q9A: Architect 7.4% 34.4% 27.5% 25.0% 5.7% 100.0% 

% within Region 39.0% 55.7% 47.1% 53.0% 41.1% 50.0% 

% of Total 3.7% 17.2% 13.7% 12.5% 2.9% 50.0% 

Std. Residual -1.5 1.5 -.7 .7 -1.1  

Unchecked 

Count 61 143 162 116 43 525 

% within Q9A: Architect 11.6% 27.2% 30.9% 22.1% 8.2% 100.0% 

% within Region 61.0% 44.3% 52.9% 47.0% 58.9% 50.0% 

% of Total 5.8% 13.6% 15.4% 11.1% 4.1% 50.0% 

Std. Residual 1.5 -1.5 .7 -.7 1.1  

Total 

Count 100 323 306 247 73 1049 

% within Q9A: Architect 9.5% 30.8% 29.2% 23.5% 7.0% 100.0% 

% within Region 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 9.5% 30.8% 29.2% 23.5% 7.0% 100.0% 

Chi-Square Tests 
 

 
Value df Asymp. Sig. (2-sided) 

 
Pearson Chi-Square 13.362a 4 .010 

 
Likelihood Ratio 13.425 4 .009 

 
Linear-by-Linear 
Association 

.014 1 .907 
 

N of Valid Cases 1049 
   

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 36.47. 

Symmetric Measures 
 

 
Value Approx. Sig. 

  

Nominal by Nominal 
Phi .113 .010 

  
Cramer's V .113 .010 

  
N of Valid Cases 1049 

   
a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis.   
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Table C-16: Select ion of  ‘government regulat ion inf luence ’  in  decis ion 
making at domest ic bui ld ings in a crosstab and Pearson’s Chi -square test  
with geographic  reg ion  

Q9A: Government Regulation 
Influence 

Geographic Region 

Total 
Canada USA UK Europe 

Other 
Countries 

Checked 

Count 34 68 122 107 29 360 

% within Q9A: Gov. Reg. 
Influence 

9.4% 18.9% 33.9% 29.7% 8.1% 100.0% 

% within Geog. Region 34.0% 21.1% 39.9% 43.3% 39.7% 34.3% 

% of Total 3.2% 6.5% 11.6% 10.2% 2.8% 34.3% 

Std. Residual -.1 -4.1 1.7 2.4 .8 
 

Unchecked 

Count 66 255 184 140 44 689 

% within Q9A: Gov. Reg. 
Influence 

9.6% 37.0% 26.7% 20.3% 6.4% 100.0% 

% within Geog. Region 66.0% 78.9% 60.1% 56.7% 60.3% 65.7% 

% of Total 6.3% 24.3% 17.5% 13.3% 4.2% 65.7% 

Std. Residual .0 2.9 -1.2 -1.7 -.6 
 

Total 

Count 100 323 306 247 73 1049 

% within Q9A: Gov. Reg. 
Influence 

9.5% 30.8% 29.2% 23.5% 7.0% 100.0% 

% within Geog. Region 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 9.5% 30.8% 29.2% 23.5% 7.0% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

 
Pearson Chi-Square 39.230a 4 .000 

 
Likelihood Ratio 40.958 4 .000 

 
Linear-by-Linear Association 19.278 1 .000 

 
N of Valid Cases 1049 

   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 25.05. 

Symmetric Measures 

  
Value Approx. Sig. 

 

Nominal by Nominal 
Phi .193 .000 

 
Cramer's V .193 .000 

 
N of Valid Cases 1049 

  
a. Not assuming the null hypothesis. 

 
b. Using the asymptotic standard error assuming the null hypothesis. 
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Table C-17: Select ion of  ‘engineers ’  in decis ion mak ing at  non-domest ic  
bui ld ings in a  crosstab and Pearson’s Chi -square test  wi th profession 

Q9B: Engineers 
Profession 

Total 
Architect Engineer Other 

Checked 

Count 137 82 32 251 

% within Q9B: Engineers 54.6% 32.7% 12.7% 100.0% 

% within Profession 21.0% 33.5% 22.9% 24.2% 

% of Total 13.2% 7.9% 3.1% 24.2% 

Std. Residual -1.7 2.9 -.3 
 

Unchecked 

Count 515 163 108 786 

% within Q9B: Engineers 65.5% 20.7% 13.7% 100.0% 

% within Profession 79.0% 66.5% 77.1% 75.8% 

% of Total 49.7% 15.7% 10.4% 75.8% 

Std. Residual .9 -1.7 .2 
 

Total 

Count 652 245 140 1037 

% within Q9B: Engineers 62.9% 23.6% 13.5% 100.0% 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 62.9% 23.6% 13.5% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 15.223a 2 .000 

Likelihood Ratio 14.528 2 0.001 

Linear-by-Linear Association 3.618 1 0.057 

N of Valid Cases 1037 
  

a 0 cells (0.0%) have expected count less than 5. The minimum expected count is 33.89. 

Symmetric Measures 

 
Value Approx. Sig. 

Nominal by Nominal 
Phi .121 .000 

Cramer's V .121 .000 

N of Valid Cases 1037 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 
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Table C-18: Select ion of  ‘government regula t ion inf luence ’  in dec is ion make 
at non-domest ic bui ld ings in a crosstab and Pearson’s Chi -square test  with  
years of  exper ience  

Q9B: Government Regulation 
Influence 

Years of Experience 

Total Less 
than 5 

5 - 10 11 - 15 
More 
than 15 

Checked 

Count 44 71 45 219 379 

% within Q9B: Gov. Reg. Influence 11.6% 18.7% 11.9% 57.8% 100.0% 

% within Years of Experience 48.9% 46.1% 39.8% 32.2% 36.5% 

% of Total 4.2% 6.8% 4.3% 21.1% 36.5% 

Std. Residual 1.9 2.0 .6 -1.9 
 

Unchecked 

Count 46 83 68 461 658 

% within Q9B: Gov. Reg. Influence 7.0% 12.6% 10.3% 70.1% 100.0% 

% within Years of Experience 51.1% 53.9% 60.2% 67.8% 63.5% 

% of Total 4.4% 8.0% 6.6% 44.5% 63.5% 

Std. Residual -1.5 -1.5 -.4 1.4 
 

Total 

Count 90 154 113 680 1037 

% within Q9B: Gov. Reg. Influence 8.7% 14.9% 10.9% 65.6% 100.0% 

% within Years of Experience 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 8.7% 14.9% 10.9% 65.6% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 18.026a 3 .000 

Likelihood Ratio 17.739 3 .000 

Linear-by-Linear Association 17.64 1 .000 

N of Valid Cases 1037 
    

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 32.89. 

      

      

      
Symmetric Measures 

  
Value Approx. Sig. 

Nominal by Nominal Phi 0.132 .000 

 
Cramer's V 0.132 .000 

N of Valid Cases 
 

1037 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 
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Table C-19: Select ion of  ‘government regula t ion inf luence ’  in dec is ion make 
at non-domest ic bui ld ings in a crosstab and Pearson’s Chi -square test  with  
geographic region  

Q9B: Government 
Regulation Influence 

Geographic Region 

Total 
Canada USA UK Europe 

Other 
Countries 

Checked 

Count 38 78 134 99 30 379 

% within Q9B: Gov. Reg. 10.0% 20.6% 35.4% 26.1% 7.9% 100.0% 

% within Geographic Region 38.4% 24.6% 43.2% 40.6% 44.8% 36.5% 

% of Total 3.7% 7.5% 12.9% 9.5% 2.9% 36.5% 

Std. Residual .3 -3.5 1.9 1.0 1.1 
 

Unchecked 

Count 61 239 176 145 37 658 

% within Q9B: Gov. Reg. 9.3% 36.3% 26.7% 22.0% 5.6% 100.0% 

% within Geographic Region 61.6% 75.4% 56.8% 59.4% 55.2% 63.5% 

% of Total 5.9% 23.0% 17.0% 14.0% 3.6% 63.5% 

Std. Residual -.2 2.7 -1.5 -.8 -.8 
 

Total 

Count 99 317 310 244 67 1037 

% within Q9B: Gov. Reg. 9.5% 30.6% 29.9% 23.5% 6.5% 100.0% 

% within Geographic Region 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 9.5% 30.6% 29.9% 23.5% 6.5% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

 
Pearson Chi-Square 29.261a 4 .000 

  
Likelihood Ratio 30.269 4 .000 

  
Linear-by-Linear Association 10.825 1 .001 

  
N of Valid Cases 1037 

    
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 24.49. 

Symmetric Measures 

 
Value Approx. Sig. 

  

Nominal by Nominal 

Phi .168 .000 
   

Cramer'
s V 

.168 .000 
   

N of Valid Cases 1037 
    

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 
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Table C-20: Crosstabulat ion and Pearson’s Chi -square test  between 
profess ion and the select ion of  architect  in decis ion of  TSC integrat ion 
scheme (Q10)  

The integration scheme of TSC is 
decided by Architect: 

Profession 
Total 

Architect Engineer Other 

Checked 

Count 488 119 72 679 

% within Architect Selection 71.9% 17.5% 10.6% 100.0% 

% within Profession 72.0% 48.6% 50.7% 63.8% 

% of Total 45.8% 11.2% 6.8% 63.8% 

Std. Residual 2.7 -3.0 -1.9 
 

Unchecked 

Count 190 126 70 386 

% within Architect Selection 49.2% 32.6% 18.1% 100.0% 

% within Profession 28.0% 51.4% 49.3% 36.2% 

% of Total 17.8% 11.8% 6.6% 36.2% 

Std. Residual -3.6 3.9 2.6 
 

Total 

Count 678 245 142 1065 

% within Architect Selection 63.7% 23.0% 13.3% 100.0% 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 63.7% 23.0% 13.3% 100.0% 

Chi-Square Tests 

 
Value df 

Asymp. Sig. (2-
sided) 

Pearson Chi-Square 54.741a 2 .000 

Likelihood Ratio 54.131 2 .000 

Linear-by-Linear Association 43.340 1 .000 

N of Valid Cases 1065 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 51.47. 

Symmetric Measures 

 
Value Approx. Sig. 

Nominal by Nominal 
Phi .227 .000 

Cramer's V .227 .000 

N of Valid Cases 1065 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 
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Table C-21: Crosstabulat ion and Pearson’s Chi -square test  between 
profess ion and the se lect ion of  In tegra t ion  Design Team in  dec is ion of  TSC 
integrat ion scheme (Q10)  

Integration Design Team 
Profession 

Total 
Architect Engineer Other 

Checked 

Count 268 116 74 458 

% within Integration Design Team 58.5% 25.3% 16.2% 100.0% 

% within Profession 39.5% 47.3% 52.1% 43.0% 

% of Total 25.2% 10.9% 6.9% 43.0% 

Std. Residual -1.4 1.0 1.7 
 

Unchecked 

Count 410 129 68 607 

% within Integration Design Team 67.5% 21.3% 11.2% 100.0% 

% within Profession 60.5% 52.7% 47.9% 57.0% 

% of Total 38.5% 12.1% 6.4% 57.0% 

Std. Residual 1.2 -.9 -1.4 
 

Total 

Count 

% within Integration Design Team 63.7% 23.0% 13.3% 100.0% 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 63.7% 23.0% 13.3% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 10.034a 2 .007 

Likelihood Ratio 9.991 2 .007 

Linear-by-Linear Association 9.872 1 .002 

N of Valid Cases 1065 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 61.07. 

Symmetric Measures 

 
Value Approx. Sig. 

Nominal by Nominal 
Phi .097 .007 

Cramer's V .097 .007 

N of Valid Cases 1065 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 
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Table C-22: Mean of respondents  ra t ing quest ions 11 -17. (MF=Mult i -
funct ion),  (Aes=Aesthet ic)  

Total 

Project theme N Min. Max. Sum Mean 
Std. 
Deviation 

Q11MF 1051 -100 100 55200 52.52 42.659 

Q11Aes 1058 -100 100 51100 48.3 46.97 

Q12MF 1046 -100 100 47600 45.51 47.107 

Q12Aes 1055 -100 100 36400 34.5 57.329 

Q13MF 1046 -100 100 34700 33.17 47.611 

Q13Aes 1056 -100 100 -300 -0.28 59.1 

Q14MF 1039 -100 100 52050 50.1 41.41 

Q14Aes 1049 -100 100 42200 40.23 50.733 

Q15MF 1039 -100 100 35400 34.07 49.941 

Q15Aes 1049 -100 100 3800 3.62 55.912 

Q16MF 1038 -100 100 35700 34.39 57.194 

Q16Aes 1040 -100 100 6450 6.2 56.378 

Q17MF 1032 -100 100 33700 32.66 58.799 

Q17Aes 1044 -100 100 -1200 -1.15 55.465 

Valid N (listwise) 922 
     

Profession Project theme N Min. Max. Sum Mean 
Std. 
Deviation 

Architect 

Q11MF 668 -100 100 35550 53.22 42.690 

Q11Aes 667 -100 100 30450 45.65 48.898 

Q12MF 664 -100 100 30900 46.54 48.149 

Q12Aes 670 -100 100 26400 39.40 56.819 

Q13MF 662 -100 100 19350 29.23 49.075 

Q13Aes 667 -100 100 -5450 -8.17 59.817 

Q14MF 663 -100 100 32150 48.49 42.282 

Q14Aes 668 -100 100 23350 34.96 53.600 

Q15MF 661 -100 100 19600 29.65 50.883 

Q15Aes 663 -100 100 -2750 -4.15 57.334 

Q16MF 659 -100 100 20350 30.88 58.204 

Q16Aes 654 -100 100 -900 -1.38 56.692 

Q17MF 655 -100 100 18850 28.78 59.880 

Q17Aes 662 -100 100 -5500 -8.31 55.134 

Valid N (listwise) 595 
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Table C-22 Continued: Mean of  respondents rat ing quest ions 11 -17.  
(MF=Mult i - funct ion),  (Aes=Aesthet ic)  

Profession Project theme N Min. Max. Sum Mean 
Std. 
Deviation 

Engineer 

Q11MF 243 -100 100 11750 48.35 45.197 

Q11Aes 247 -100 100 12850 52.02 44.126 

Q12MF 242 -100 100 10150 41.94 46.083 

Q12Aes 243 -100 100 5850 24.07 56.469 

Q13MF 245 -100 100 9100 37.14 45.808 

Q13Aes 246 -100 100 2850 11.59 55.309 

Q14MF 240 -100 100 12000 50.00 40.654 

Q14Aes 243 -100 100 12350 50.82 41.403 

Q15MF 239 -100 100 10100 42.26 45.521 

Q15Aes 242 -100 100 4700 19.42 49.843 

Q16MF 241 -100 100 9550 39.63 55.680 

Q16Aes 245 -100 100 4950 20.20 55.718 

Q17MF 240 -100 100 9200 38.33 59.543 

Q17Aes 240 -100 100 2800 11.67 54.785 

Valid N (listwise) 208 
     

Other 

Q11MF 140 -50 100 7900 56.43 37.379 

Q11Aes 144 -100 100 7800 54.17 41.603 

Q12MF 140 -100 100 6550 46.79 43.750 

Q12Aes 142 -100 100 4150 29.23 58.722 

Q13MF 139 -100 100 6250 44.96 40.956 

Q13Aes 143 -100 100 2300 16.08 55.539 

Q14MF 136 -50 100 7900 58.09 37.624 

Q14Aes 138 -100 100 6500 47.10 47.862 

Q15MF 139 -100 100 5700 41.01 50.452 

Q15Aes 144 -100 100 1850 12.85 52.138 

Q16MF 138 -100 100 5800 42.03 53.779 

Q16Aes 141 -100 100 2400 17.02 49.580 

Q17MF 137 -100 100 5650 41.24 50.329 

Q17Aes 142 -100 100 1500 10.56 52.535 

Valid N (listwise) 119 
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Table C-23: Spearman's  Correlat ion between Q11 sub -sect ions (mult i -
funct ion and aesthet ics) with profession as a  spl i t  cont rol  

Two Categories (Architects vs Engineers and Others) 
Q11:  
Multi-Functional 
Role 

Q11: 
Aesthetics 

Spearman's rho 

Architect 

Q11:  
Multi-Functional 
Role 

Correlation Coefficient 1.000 .527** 

Sig. (2-tailed) 
 

.000 

N 668 664 

Q11:  
Aesthetics 

Correlation Coefficient .527** 1.000 

Sig. (2-tailed) .000 
 

N 664 667 

Engineers and 
Others 

 

Q11:  
Multi-Functional 
Role 

Correlation Coefficient 1.000 .402** 

Sig. (2-tailed) 
 

.000 

N 383 382 

Q11: 
Aesthetics 

 

Correlation Coefficient .402** 1.000 

Sig. (2-tailed) .000 
 

N 382 391 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table C-24: Spearman's  Correlat ion between Q12 sub -sect ions (mult i -
funct ion and aesthet ics) with profession as a  spl i t  cont rol  

Two Categories (Architects vs all Others) 
Q12:  
Multi-Functional 
Role 

Q12: 
Aesthetics 

Spearman's rho 

Architect 

Q12: 
Multi-Functional 
Role 

Correlation Coefficient 1.000 .589** 

Sig. (2-tailed) 
 

.000 

N 664 661 

Q12:  
Aesthetics 

Correlation Coefficient .589** 1.000 

Sig. (2-tailed) .000 
 

N 661 670 

Engineers and 
Others 

 

Q12:  
Multi-Functional 
Role 

Correlation Coefficient 1.000 .322** 

Sig. (2-tailed) 
 

.000 

N 382 379 

Q12:  
Aesthetics 

 

Correlation Coefficient .322** 1.000 

Sig. (2-tailed) .000 
 

N 379 385 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table C-25: Crosstabulat ion and Chi -square of  Q13 mult i - funct ion and 
aesthet ics in a cont rol  of  two categor ies profess ion Group Dion, of f ices,  
Quebec - Canada 

Q13: Multi-Functional Role 

Two Categories (Architects vs 
Other professions) 

Total 

Architect 
Engineers and 
Others 

Very Poor 

Count 24 7 31 

% within Q13: Multi-
Functional Role 

77.4% 22.6% 100.0% 

% within Two Categories 
(Architects vs all Others) 

3.6% 1.8% 3.0% 

% of Total 2.3% .7% 3.0% 

Poor 

Count 61 18 79 

% within Q13: Multi-
Functional Role 

77.2% 22.8% 100.0% 

% within Two Categories 
(Architects vs all Others) 

9.2% 4.7% 7.6% 

% of Total 5.8% 1.7% 7.6% 

Neutral 

Count 186 100 286 

% within Q13: Multi-
Functional Role 

65.0% 35.0% 100.0% 

% within Two Categories 
(Architects vs all Others) 

28.1% 26.0% 27.3% 

% of Total 17.8% 9.6% 27.3% 

Good 

Count 286 179 465 

% within Q13: Multi-
Functional Role 

61.5% 38.5% 100.0% 

% within Two Categories 
(Architects vs all Others) 

43.2% 46.6% 44.5% 

% of Total 27.3% 17.1% 44.5% 

Perfect 

Count 105 80 185 

% within Q13: Multi-
Functional Role 

56.8% 43.2% 100.0% 

% within Two Categories 
(Architects vs all Others) 

15.9% 20.8% 17.7% 

% of Total 10.0% 7.6% 17.7% 

Total 

Count 662 384 1046 

% within Q13: Multi-
Functional Role 

63.3% 36.7% 100.0% 

% within Two Categories 
(Architects vs all Others) 

100.0% 100.0% 100.0% 

% of Total 63.3% 36.7% 100.0% 
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Table C-25 Continued: Crosstabula t ion  and Chi -square of  Q13 mult i -
funct ion and aesthet ics in a contro l  of  two categories profession Group Dion,  
of f ices, Quebec - Canada 

Chi-Square Tests 

 
Value df 

Asymp. Sig. (2-
sided) 

Pearson Chi-Square 13.668a 4 .008 

Likelihood Ratio 14.298 4 .006 

Linear-by-Linear Association 12.376 1 .000 

N of Valid Cases 1046 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 11.38. 

Symmetric Measures 

  
Value Approx. Sig. 

Nominal by Nominal 

 

Phi .114 .008 

Cramer's V .114 .008 

N of Valid Cases 
 

1046 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 

Table C-26: Spearman's  corre lat ion between Q13 sub -sect ions (mult i -
funct ion and aesthet ics) with profession as a  spl i t  cont rol  

Two Categories (Architects vs all Others) 
Q13: Multi-
Functional Role 

Q13: 
Aesthetics 

Spearman's rho 

Architect 

Q13:  
Multi-Functional 
Role 

Correlation Coefficient 1.000 .577** 

Sig. (2-tailed) 
 

.000 

N 662 658 

Q13:  
Aesthetics 

Correlation Coefficient .577** 1.000 

Sig. (2-tailed) .000 
 

N 658 667 

Engineers 
and Other 

 

Q13:  
Multi-Functional 
Role 

Correlation Coefficient 1.000 .548** 

Sig. (2-tailed) 
 

.000 

N 384 383 

Q13:  
Aesthetics 

 

Correlation Coefficient .548** 1.000 

Sig. (2-tailed) .000 
 

N 383 389 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table C-27: Spearman's  corre lat ion between Q14 sub -sect ions (mult i -
funct ion and aesthet ics) with profession as a  spl i t  cont rol  

Two Categories (Architects vs all Others) 
Q14: Multi-
Functional Role 

Q14: 
Aesthetics 

Spearman's rho 

Architect 

Q14:  
Multi-Functional 
Role 

Correlation Coefficient 1.000 .594** 

Sig. (2-tailed) 
 

.000 

N 663 661 

Q14:  
Aesthetics 

Correlation Coefficient .594** 1.000 

Sig. (2-tailed) .000 
 

N 661 668 

Engineers 
and Other 

 

Q14:  
Multi-Functional 
Role 

Correlation Coefficient 1.000 .571** 

Sig. (2-tailed) 
 

.000 

N 376 369 

Q14:  
Aesthetics 

 

Correlation Coefficient .571** 1.000 

Sig. (2-tailed) .000 
 

N 369 381 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table C-28: Spearman's correlation between Q15 sub-sections (multi -
function and aesthetics) with profession as a split  control  

Two Categories (Architects vs all Others) 
Q15: Multi-
Functional Role 

Q15: 
Aesthetics 

Spearman's rho 

Architect 

Q15: Multi-
Functional Role 

Correlation Coefficient 1.000 .549** 

Sig. (2-tailed) 
 

.000 

N 661 655 

Q15: Aesthetics 

Correlation Coefficient .549** 1.000 

Sig. (2-tailed) .000 
 

N 655 663 

Engineers 
and Other 

 

Q15: Multi-
Functional Role 

Correlation Coefficient 1.000 .497** 

Sig. (2-tailed) 
 

.000 

N 378 375 

Q15: Aesthetics 

Correlation Coefficient .497** 1.000 

Sig. (2-tailed) .000 
 

N 375 386 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table C-29: Spearman's  corre lat ion between Q16 sub -sect ions (mult i -
funct ion and aesthet ics) with profession as a  spl i t  cont rol  

Two Categories (Architects vs all Others) 
Q16: Multi-
Functional Role 

Q16: 
Aesthetics 

Spearman's rho 

Architect 

Q16: Multi-
Functional Role 

Correlation Coefficient 1.000 .483** 

Sig. (2-tailed) 
 

.000 

N 659 649 

Q16: Aesthetics 

Correlation Coefficient .483** 1.000 

Sig. (2-tailed) .000 
 

N 649 654 

Engineers 
and Other 

 

Q16: Multi-
Functional Role 

Correlation Coefficient 1.000 .424** 

Sig. (2-tailed) 
 

.000 

N 379 376 

Q16: Aesthetics 

Correlation Coefficient .424** 1.000 

Sig. (2-tailed) .000 
 

N 376 386 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table C-30: Spearman's  Correlat ion between Q17 sub -sect ions (mult i -
funct ion and aesthet ics) with profession as a  spl i t  cont rol  

Two Categories (Architects vs all Others) 
Q17: Multi-
Functional Role 

Q17: 
Aesthetics 

Spearman's rho 

Architect 

Q17: Multi-
Functional Role 

Correlation Coefficient 1.000 .438** 

Sig. (2-tailed) 
 

.000 

N 655 653 

Q17: Aesthetics 

Correlation Coefficient .438** 1.000 

Sig. (2-tailed) .000 
 

N 653 662 

Engineers 
and Other 

 

Q17: Multi-
Functional Role 

Correlation Coefficient 1.000 .463** 

Sig. (2-tailed) 
 

.000 

N 377 373 

Q17: Aesthetics 

Correlation Coefficient .463** 1.000 

Sig. (2-tailed) .000 
 

N 373 382 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table C-31: Crosstabulat ion and Pearson’s Chi -square test  between 
profess ion and the prior i ty of  mult i - funct iona l se lect ion of  TSC (Q18)  

Multi-Functional Role 

Profession Total 

 Architect Engineer Other 

Checked 

Count 465 138 82 685 

% within Profession 77.6% 60.5% 63.1% 71.6% 

% of Total 48.6% 14.4% 8.6% 71.6% 

Unchecked 

Count 134 90 48 272 

% within Profession 22.4% 39.5% 36.9% 28.4% 

% of Total 14.0% 9.4% 5.0% 28.4% 

Total 

 

Count 599 228 130 957 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 62.6% 23.8% 13.6% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 29.089a 2 .000 

Likelihood Ratio 28.536 2 .000 

Linear-by-Linear Association 22.009 1 .000 

N of Valid Cases 957 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 36.95. 

Symmetric Measures 

 
Value Approx. Sig. 

  

Nominal by Nominal 

Phi .174 .000 
  

Cramer's V .174 .000 
  

N of Valid Cases 957 
   

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 
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Table C-32: Crosstabulat ion and Pearson’s Chi -square test  between 
profess ion and the prior i ty of  aesthet ics se lect ion of  TSC (Q18)  

Aesthetics 

Profession Total 

 Architect Engineer Other 

Checked 

Count 335 89 54 478 

% within Profession 55.9% 39.0% 41.5% 49.9% 

% of Total 35.0% 9.3% 5.6% 49.9% 

Unchecked 

Count 264 139 76 479 

% within Profession 44.1% 61.0% 58.5% 50.1% 

% of Total 27.6% 14.5% 7.9% 50.1% 

Total 

 

Count 599 228 130 957 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 62.6% 23.8% 13.6% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 23.103a 2 .000 

Likelihood Ratio 23.230 2 .000 

Linear-by-Linear Association 17.492 1 .000 

N of Valid Cases 957 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 36.95. 

Symmetric Measures 

 
Value Approx. Sig. 

  

Nominal by Nominal 

Phi .155 .000 
  

Cramer's V .155 .000 
  

N of Valid Cases 957 

   

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 



HASAN JAMIL  ALF ARR A  APPEND IX  C  | |  SPSS  AN ALYSIS  

 

Page |  432  

Table C-33: Crosstabulat ion between profession and the technology select ion 

at  new res ident ia l  bui ld ing  (Q20)  

Technology Selection at New Residential Building 
Profession 

Total 
Architect Engineer Other 

Transpired Solar 
Collector (TSC) 

Checked 

Count 225 90 49 364 

Column N % 38.8% 41.7% 39.5% - 

Table N % 24.5% 9.8% 5.3% 39.6% 

Unchecked 

Count 355 126 75 556 

Column N % 61.2% 58.3% 60.5% - 

Table N % 38.6% 13.7% 8.2% 60.4% 

Photovoltaic (PV) 

Checked 

Count 303 124 67 494 

Column N % 52.2% 57.4% 54.0% - 

Table N % 32.9% 13.5% 7.3% 53.7% 

Unchecked 

Count 277 92 57 426 

Column N % 47.8% 42.6% 46.0% - 

Table N % 30.1% 10.0% 6.2% 46.3% 

Hybrid (PV/TSC) 

Checked 

Count 327 114 79 520 

Column N % 56.4% 52.8% 63.7% - 

Table N % 35.5% 12.4% 8.6% 56.5% 

Unchecked 

Count 253 102 45 400 

Column N % 43.6% 47.2% 36.3% - 

Table N % 27.5% 11.1% 4.9% 43.5% 

Solar Water Heating 
(DHW) 

Checked 

Count 413 155 80 648 

Column N % 71.2% 71.8% 64.5% - 

Table N % 44.9% 16.8% 8.7% 70.4% 

Unchecked 

Count 167 61 44 272 

Column N % 28.8% 28.2% 35.5% - 

Table N % 18.2% 6.6% 4.8% 29.6% 

Wind Energy 

Checked 

Count 94 25 23 142 

Column N % 16.2% 11.6% 18.5% - 

Table N % 10.2% 2.7% 2.5% 15.4% 

Unchecked 

Count 486 191 101 778 

Column N % 83.8% 88.4% 81.5% - 

Table N % 52.8% 20.8% 11.0% 84.6% 

Ground Source heat 
pump (GHP) 

Checked 

Count 367 114 62 543 

Column N % 63.3% 52.8% 50.0% - 

Table N % 39.9% 12.4% 6.7% 59.0% 

Unchecked 

Count 213 102 62 377 

Column N % 36.7% 47.2% 50.0% - 

Table N % 23.2% 11.1% 6.7% 41.0% 
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Table C-34: Crosstabulat ion and Pearson’s Chi -square test  between 
profess ion and the select ion of  ground source heat ing pump at new 
resident ia l  bui ld ing (Q20)  

Ground Source heat pump 
Profession Total 

 Architect Engineer Other 

Checked 

Count 367 114 62 543 

% within Profession 67.6% 21.0% 11.4% 100.0% 

% of Total 63.3% 52.8% 50.0% 59.0% 

Unchecked 

Count 213 102 62 377 

% within Profession 56.5% 27.1% 16.4% 100.0% 

% of Total 36.7% 47.2% 50.0% 41.0% 

Total 

 

Count 580 216 124 920 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 63.0% 23.5% 13.5% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 11.995a 2 .002 

Likelihood Ratio 11.934 2 .003 

Linear-by-Linear Association 11.112 1 .001 

N of Valid Cases 920 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 50.81. 

Symmetric Measures 

 
Value Approx. Sig. 

  

Nominal by Nominal 
Phi .141 .001 

  

Cramer's V .141 .001 
  

N of Valid Cases 920 
   

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 
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Table C-35: Select ion of  Transpired Solar  Col lector (TSC)  at  new resident ia l  
bui ld ing bu i ld ings in  a crosstab and Pearson’s Chi -square test  with  
geographic region (Q20)  

Transpired Solar 
Collector (TSC) 

Geographic Region 

Total 
Canada USA UK Europe 

Other 
Countries 

Checked 

Count 38 133 97 67 29 364 

% within Region 43.7% 46.3% 36.7% 29.9% 50.0% 39.6% 

% of Total 4.1% 14.5% 10.5% 7.3% 3.2% 39.6% 

Std. Residual .6 1.8 -.7 -2.3 1.3  

Unchecked 

Count 49 154 167 157 29 556 

% within Region 56.3% 53.7% 63.3% 70.1% 50.0% 60.4% 

% of Total 5.3% 16.7% 18.2% 17.1% 3.2% 60.4% 

Std. Residual -.5 -1.5 .6 1.9 -1.0  

Total 

Count 87 287 264 224 58 920 

% within Region 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 9.5% 31.2% 28.7% 24.3% 6.3% 100.0% 

Chi-Square Tests 
 

 
Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 18.380a 4 .001 

Likelihood Ratio 18.554 4 .001 

Linear-by-Linear Association 5.071 1 .024 

N of Valid Cases 920 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 22.95. 

Symmetric Measures 
 

 
Value Approx. Sig. 

  

Nominal by Nominal 
Phi .141 .001 

  
Cramer's V .141 .001 

  
N of Valid Cases 920 

   
a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis.   
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Table C-36: Select ion of  photovo lta ic (PV)  at  new res ident ia l  bu i ld ings in a  
crosstab and Pearson’s Chi -square test  with geographic region (Q20)  

Photovoltaic (PV) 

Geographic Region 

Total 
Canada USA UK Europe 

Other 
Countries 

Checked 

Count 38 157 164 99 36 494 

% within Region 43.7% 54.7% 62.1% 44.2% 62.1% 53.7% 

% of Total 4.1% 17.1% 17.8% 10.8% 3.9% 53.7% 

Std. Residual -1.3 .2 1.9 -1.9 .9  

Unchecked 

Count 49 130 100 125 22 426 

% within Region 56.3% 45.3% 37.9% 55.8% 37.9% 46.3% 

% of Total 5.3% 14.1% 10.9% 13.6% 2.4% 46.3% 

Std. Residual 1.4 -.3 -2.0 2.1 -.9  

Total 

Count 87 287 264 224 58 920 

% within Region 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 9.5% 31.2% 28.7% 24.3% 6.3% 100.0% 

Chi-Square Tests 
 

 
Value df Asymp. Sig. (2-sided) 

 
Pearson Chi-Square 20.931a 4 .000 

 
Likelihood Ratio 21.016 4 .000 

 
Linear-by-Linear Association .033 1 .856 

 
N of Valid Cases 920 

   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 26.86. 

Symmetric Measures 
 

 
Value Approx. Sig. 

  

Nominal by Nominal 
Phi .151 .000 

  
Cramer's V .151 .000 

  
N of Valid Cases 920 

   
a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis.   
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Table C-37: Crosstabulat ion  between profession and the technology select ion 

at  ex is t ing res ident ia l  bu i ld ing  (Q21)  

Technology Selection at Existing Residential 
Building 

Profession 
Total 

Architect Engineer Other 

Transpired Solar 
Collector (TSC) 

Checked 

Count 168 56 35 259 

Column N % 29.1% 26.3% 28.7% - 

Table N % 18.4% 6.1% 3.8% 28.4% 

Unchecked 

Count 409 157 87 653 

Column N % 70.9% 73.7% 71.3% - 

Table N % 44.8% 17.2% 9.5% 71.6% 

Photovoltaic 
(PV) 

Checked 

Count 319 132 70 521 

Column N % 55.3% 62.0% 57.4% - 

Table N % 35.0% 14.5% 7.7% 57.1% 

Unchecked 

Count 258 81 52 391 

Column N % 44.7% 38.0% 42.6% - 

Table N % 28.3% 8.9% 5.7% 42.9% 

Hybrid (PV/TSC) 

Checked 

Count 268 90 62 420 

Column N % 46.4% 42.3% 50.8% - 

Table N % 29.4% 9.9% 6.8% 46.1% 

Unchecked 

Count 309 123 60 492 

Column N % 53.6% 57.7% 49.2% - 

Table N % 33.9% 13.5% 6.6% 53.9% 

Solar Water 
Heating (DHW) 

Checked 

Count 412 149 84 645 

Column N % 71.4% 70.0% 68.9% - 

Table N % 45.2% 16.3% 9.2% 70.7% 

Unchecked 

Count 165 64 38 267 

Column N % 28.6% 30.0% 31.1% - 

Table N % 18.1% 7.0% 4.2% 29.3% 

Wind Energy 

Checked 

Count 86 24 24 134 

Column N % 14.9% 11.3% 19.7% - 

Table N % 9.4% 2.6% 2.6% 14.7% 

Unchecked 

Count 491 189 98 778 

Column N % 85.1% 88.7% 80.3% - 

Table N % 53.8% 20.7% 10.7% 85.3% 

Ground Source 
Heat Pump 
(GHP) 

Checked 

Count 226 72 45 343 

Column N % 39.2% 33.8% 36.9% - 

Table N % 24.8% 7.9% 4.9% 37.6% 

Unchecked 

Count 351 141 77 569 

Column N % 60.8% 66.2% 63.1% - 

Table N % 38.5% 15.5% 8.4% 62.4% 
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Table C-38: Crosstabulat ion between profession and the technology select ion 

at  ex is t ing res ident ia l  bu i ld ing  (Q21)  

Technology Selection at Existing 
Residential Building 

Profession 

Total 

Architect Engineer Other 

New Design 

Count 162 73 37 272 

% within Profession 27.1% 32.3% 28.9% 28.6% 

% of Total 17.0% 7.7% 3.9% 28.6% 

Std. Residual -.7 1.0 .1  

Refurbishment 

Count 8 8 3 19 

% within Profession 1.3% 3.5% 2.3% 2.0% 

% of Total .8% .8% .3% 2.0% 

Std. Residual -1.1 1.6 .3  

Both 

Count 392 128 76 596 

% within Profession 65.6% 56.6% 59.4% 62.6% 

% of Total 41.2% 13.4% 8.0% 62.6% 

Std. Residual .9 -1.1 -.5  

Other 

Count 36 17 12 65 

% within Profession 6.0% 7.5% 9.4% 6.8% 

% of Total 3.8% 1.8% 1.3% 6.8% 

Std. Residual -.8 .4 1.1  

Total 

  

Count 598 226 128 952 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 62.8% 23.7% 13.4% 100.0% 



HASAN JAMIL  ALF ARR A  APPEND IX  C  | |  SPSS  AN ALYSIS  

 

Page |  438  

Table C-39: Crosstabulat ion  and Pearson’s  Chi -square test  for profess ion 
and harmonising TSC with in the architectura l  concept of  t rad it iona l bui ld ings 
(Q23)  

Harmonising TSC within the architectural 
concept of traditional buildings at Local 
authority guidelines 

Profession Total 

 Architect Engineer Other 

Agree 

Count 341 105 76 522 

% within Profession 57.7% 47.3% 59.8% 55.5% 

% of Total 36.3% 11.2% 8.1% 55.5% 

Std. Residual .7 -1.6 .7  

Disagree 

Count 138 44 18 200 

% within Profession 23.4% 19.8% 14.2% 21.3% 

% of Total 14.7% 4.7% 1.9% 21.3% 

Std. Residual 1.1 -.5 -1.7  

No Opinion 

Count 112 73 33 218 

% within Profession 19.0% 32.9% 26.0% 23.2% 

% of Total 11.9% 7.8% 3.5% 23.2% 

Std. Residual -2.1 3.0 .7  

Total 

Count 591 222 127 940 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 62.9% 23.6% 13.5% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 22.064a 4 .000 

Likelihood Ratio 21.815 4 .000 

Linear-by-Linear Association 3.866 1 .049 

N of Valid Cases 940 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 27.02. 

Symmetric Measures 

   
Value Approx. Sig. 

Nominal by Nominal 
Phi .153 .000 

Cramer's V .108 .000 

N of Valid Cases 
 

940 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 
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Table C-40: Crosstabulat ion and Pearson’s  Chi -square test  for geographic  
region and harmonis ing TSC with in  the architectural  concept  of  t radit ional  
bui ld ings (Q23)  

Harmonising TSC within the 
architectural concept of 
traditional buildings 

Geographic Region 
Total 

 Canada USA UK Europe 
Other 
Countries 

Agree 

Count 37 152 158 141 34 522 

% within Region 42.0% 52.1% 57.2% 62.1% 59.6% 55.5% 

% of Total 3.9% 16.2% 16.8% 15.0% 3.6% 55.5% 

Std. Residual -1.7 -.8 .4 1.3 .4  

Disagree 

Count 20 60 55 49 16 200 

% within Region 22.7% 20.5% 19.9% 21.6% 28.1% 21.3% 

% of Total 2.1% 6.4% 5.9% 5.2% 1.7% 21.3% 

Std. Residual .3 -.3 -.5 .1 1.1  

No Opinion 

Count 31 80 63 37 7 218 

% within Region 35.2% 27.4% 22.8% 16.3% 12.3% 23.2% 

% of Total 3.3% 8.5% 6.7% 3.9% .7% 23.2% 

Std. Residual 2.3 1.5 -.1 -2.2 -1.7  

Total 

Count 88 292 276 227 57 940 

% within Region 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 9.4% 31.1% 29.4% 24.1% 6.1% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 22.567a 8 .004 

Likelihood Ratio 22.937 8 .003 

Linear-by-Linear Association 17.911 1 .000 

N of Valid Cases 940 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 12.13. 

Symmetric Measures 

 
Value Approx. Sig. 

Nominal by Nominal 
Phi .153 .000 

Cramer's V .108 .000 

N of Valid Cases  940 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 
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Table C-41: Crosstabulat ion for profession and the recommended 
development stage of  integrat ing TSC in bui ld ings  (Q24)  

Stage of integrating TSC in buildings 
Profession Total 

 Architect Engineer Other 

Originally 
integrated 

Count 501 177 101 779 

% within Profession 84.3% 81.2% 81.5% 83.2% 

% of Total 53.5% 18.9% 10.8% 83.2% 

Attached later 

Count 6 3 1 10 

% within Profession 1.0% 1.4% .8% 1.1% 

% of Total .6% .3% .1% 1.1% 

Subjective 

Count 87 38 22 147 

% within Profession 14.6% 17.4% 17.7% 15.7% 

% of Total 9.3% 4.1% 2.4% 15.7% 

Total 

Count 594 218 124 936 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 63.5% 23.3% 13.2% 100.0% 

Table C-42: Crosstabulat ion for profession and the preference of  aesthet ic  
integrat ion of  TSC in façade  (Q25)  

Aesthetic integration of TSC in façade 
Profession Total 

 Architect Engineer Other 

Clearly Featured 

Count 169 62 31 262 

% within Profession 29.1% 28.1% 25.4% 28.4% 

% of Total 18.3% 6.7% 3.4% 28.4% 

Somewhat 
Invisible 

Count 249 101 52 402 

% within Profession 42.9% 45.7% 42.6% 43.6% 

% of Total 27.0% 10.9% 5.6% 43.6% 

No Opinion 

Count 162 58 39 259 

% within Profession 27.9% 26.2% 32.0% 28.1% 

% of Total 17.6% 6.3% 4.2% 28.1% 

Total 

Count 580 221 122 923 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 62.8% 23.9% 13.2% 100.0% 
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Table C-43: Crosstabulat ion and Pearson’s  Chi -square test  for profess ion 
and the recommendat ion of  dummy panels to  sat is fy arch itectural unity (Q26)   

Dummy Panels 
Profession Total 

 Architect Engineer Other 

Yes 

Count 42 28 7 77 

% within Profession 7.1% 12.7% 5.6% 8.2% 

% of Total 4.5% 3.0% .7% 8.2% 

Std. Residual -1.0 2.3 -1.0  

No 

Count 332 65 49 446 

% within Profession 56.1% 29.4% 39.5% 47.6% 

% of Total 35.4% 6.9% 5.2% 47.6% 

Std. Residual 3.0 -3.9 -1.3  

Sometimes 

Count 218 128 68 414 

% within Profession 36.8% 57.9% 54.8% 44.2% 

% of Total 23.3% 13.7% 7.3% 44.2% 

Std. Residual -2.7 3.1 1.8  

Total 

Count 592 221 124 937 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 63.2% 23.6% 13.2% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 53.124a 4 .000 

Likelihood Ratio 53.953 4 .000 

Linear-by-Linear 
Association 

14.922 1 .000 

N of Valid Cases 937 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 10.19. 

Symmetric Measures 

   
Value Approx. Sig. 

Nominal by Nominal 
Phi .238 .000 

Cramer's V .168 .000 
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N of Valid Cases 
 

937 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 

Table C-44: Crosstabulat ion and Pearson’s  Chi -square test  for profess ion 
and the need for further co lour range (Q35)  

Further colour range 
Profession 

Total 
Architect Engineer Other 

Yes 

Count 234 45 29 308 

% within Profession 40.5% 21.4% 24.0% 33.9% 

% of Total 25.7% 5.0% 3.2% 33.9% 

Std. Residual 2.7 -3.1 -1.9  

No 

Count 344 165 92 601 

% within Profession 59.5% 78.6% 76.0% 66.1% 

% of Total 37.8% 18.2% 10.1% 66.1% 

Std. Residual -2.0 2.2 1.3  

Total 

Count 578 210 121 909 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 63.6% 23.1% 13.3% 100.0% 

Chi-Square Tests 

 
Value df 

Asymp. Sig. 
(2-sided) 

Pearson Chi-Square 31.095a 2 .000 

Likelihood Ratio 32.283 2 .000 

Linear-by-Linear Association 23.901 1 .000 

N of Valid Cases 909 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 41.00. 

Symmetric Measures 

 
Value Approx. Sig. 

Nominal by Nominal Phi .185 .000 
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Cramer's V .185 .000 

N of Valid Cases 
 

909 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 

 

Table C-45 :  Crosstabulat ion for profession and the contradict ion between 
the current ly ava i lab le standard TSC co lour chart  and design aesthet ics  
(Q36)  

Contradiction between the currently available 
standard TSC colour chart and design 
aesthetics 

Profession Total 

 Architect Engineer Other 

Yes 

Count 105 34 27 166 

% within Profession 18.0% 15.7% 22.1% 18.0% 

% of Total 11.4% 3.7% 2.9% 18.0% 

No 

Std. Residual .0 -.8 1.1  

Count 218 77 39 334 

% within Profession 37.3% 35.5% 32.0% 36.2% 

Maybe 

% of Total 23.6% 8.3% 4.2% 36.2% 

Count 214 77 40 331 

% within Profession 36.6% 35.5% 32.8% 35.9% 

No Opinion 

% of Total 23.2% 8.3% 4.3% 35.9% 

Count 47 29 16 92 

% within Profession 8.0% 13.4% 13.1% 10.0% 

Total 

Count 584 217 122 923 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 63.3% 23.5% 13.2% 100.0% 

Table C-46: Crosstabulat ion for  profess ion and the  contr ibut ion of  TSC 

towards the  creat ion of  susta inable bui l t  env i ronment  (Q27)   

TSC, as a source of comparatively low-cost 
renewable energy, contributes to sustainable 
built environment 

Profession Total 

 Architect Engineer Other 

Agree 

Count 464 173 92 729 

% within Profession 79.0% 79.0% 75.4% 78.6% 

% of Total 50.0% 18.6% 9.9% 78.6% 

Disagree 
Count 28 11 7 46 

% within Profession 4.8% 5.0% 5.7% 5.0% 
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% of Total 3.0% 1.2% .8% 5.0% 

No Opinion 

Count 95 35 23 153 

% within Profession 16.2% 16.0% 18.9% 16.5% 

% of Total 10.2% 3.8% 2.5% 16.5% 

Total 

Count 587 219 122 928 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 63.3% 23.6% 13.1% 100.0% 

Table C-47: Mean of respondents rat ing sustainable characterist ics  of  Q28  

Project theme N Min. Max. Sum Mean 
Std. 
Deviation 

Indoor Thermal Comfort 928 -100 100 61900 66.7 43.40 

Reducing Carbon Dioxide 932 -100 100 54150 58.1 50.52 

Improving Indoor Air Quality 924 -100 100 45900 49.68 48.43 

Energy Saving 935 -100 100 76000 81.28 33.65 

Cost Effectiveness 924 -100 100 54400 58.87 48.57 

Material used 920 -100 100 28900 31.41 51.23 

Valid N (listwise) 906 
     

Profession: Architect 

Indoor Thermal Comfort 581 -100 100 38950 67.04 44.36 

Reducing Carbon Dioxide 583 -100 100 33150 56.86 52.15 

Improving Indoor Air Quality 578 -100 100 29300 50.69 48.99 

Energy Saving 588 -100 100 47750 81.21 35.74 

Cost Effectiveness 580 -100 100 34600 59.66 48.66 

Material used 578 -100 100 18650 32.27 51.93 

Valid N (listwise) 568 
     

Profession: Engineer 

Indoor Thermal Comfort 221 -100 100 38950 64.71 44.45 

Reducing Carbon Dioxide 223 -100 100 33150 56.28 48.22 

Improving Indoor Air Quality 220 -100 100 29300 45.00 50.09 

Energy Saving 222 -100 100 47750 79.28 31.53 

Cost Effectiveness 220 -100 100 34600 55.00 48.23 

Material used 218 -100 100 18650 25.00 47.82 

Valid N (listwise) 216 
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Profession: Other 

Indoor Thermal Comfort 126 -50 100 8650 68.65 36.73 

Reducing Carbon Dioxide 126 -100 100 8450 67.06 46.114 

Improving Indoor Air Quality 126 -100 100 6700 53.17 42.31 

Energy Saving 125 0 100 10650 85.20 26.20 

Cost Effectiveness 124 -100 100 7700 62.10 48.71 

Material used 124 -100 100 4800 38.71 52.90 

Valid N (listwise) 122 
     

 

 

Figure C-1: Mathematica l mean va lue of  ra t ing sustainab le character ist ics  
at  a ±100 sca le per profession  

Table C-48: Spearman's  Corre lat ion between indoor thermal  comfort  and 

improv ing indoor a i r  qua l i ty  wi th profess ion as a spl i t  cont rol ,  Q28 

Two Categories (Architects vs all Others) 
Indoor Thermal 
Comfort 

Improving 
Indoor Air 
Quality 

Spearman's rho 

Architect 

Indoor Thermal 
Comfort 

Correlation 
Coefficient 

1.000 .548** 

Sig. (2-tailed) 
 

.000 

N 581 574 

Improving Indoor Air 
Quality 

Correlation 
Coefficient 

.548** 1.000 

Sig. (2-tailed) .000 
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N 574 578 

Engineers 
and Other 

 

Indoor Thermal 
Comfort 

Correlation 
Coefficient 

1.000 .529** 

Sig. (2-tailed) 
 

.000 

N 347 346 

Improving Indoor Air 
Quality 

Correlation 
Coefficient 

.529** 1.000 

Sig. (2-tailed) .000 
 

N 346 346 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table C-49: Crosstabulat ion for profession and the technical factors at  
sourc ing TSC (Q33)  

Factors at sourcing TSC 
Profession 

Total 
Architect Engineer Other 

Reliability (constant 
performance and 
efficiency which could 
exceed 75%) 

Count 278 93 52 423 

% within Profession 47.7% 42.7% 44.1% 46.0% 

% of Total 30.3% 10.1% 5.7% 46.0% 

Durability (capability of 
withstanding) 

Count 40 25 8 73 

% within Profession 6.9% 11.5% 6.8% 7.9% 

% of Total 4.4% 2.7% .9% 7.9% 

Life span (approximately 
40 years) 

Count 69 17 17 103 

% within Profession 11.8% 7.8% 14.4% 11.2% 

% of Total 7.5% 1.8% 1.8% 11.2% 

Warranty (approximately 
25 years) 

Count 22 12 4 38 

% within Profession 3.8% 5.5% 3.4% 4.1% 

% of Total 2.4% 1.3% .4% 4.1% 

Maintenance (committed 
service contract) 

Count 19 8 6 33 

% within Profession 3.3% 3.7% 5.1% 3.6% 

% of Total 2.1% .9% .7% 3.6% 

Low Capital Cost (to 
reduce the payback 2 - 
12 years) 

Count 155 63 31 249 

% within Profession 26.6% 28.9% 26.3% 27.1% 

% of Total 16.9% 6.9% 3.4% 27.1% 

Total 

 

Count 583 218 118 919 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 63.4% 23.7% 12.8% 100.0% 

Table C-50: Crosstabulat ion for pro fess ion and the preference of  heat  supply  

in domest ic  dwel l ings  (Q38A) 

Heat Supply in Domestic dwellings 
Profession 

Total 
Architect Engineer Other 
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HVAC (Heat, Ventilation, 
and Air Conditioning) 

Count 131 56 32 219 

% within Profession 45.3% 47.1% 54.2% 46.9% 

% of Total 28.1% 12.0% 6.9% 46.9% 

Direct flow (mechanical 
ventilation) 

Count 117 54 20 191 

% within Profession 40.5% 45.4% 33.9% 40.9% 

% of Total 25.1% 11.6% 4.3% 40.9% 

Other technique 

Count 41 9 7 57 

% within Profession 14.2% 7.6% 11.9% 12.2% 

% of Total 8.8% 1.9% 1.5% 12.2% 

Total 

Count 289 119 59 467 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 61.9% 25.5% 12.6% 100.0% 

Table C-51: Crosstabulat ion and Pearson’s  Chi -square test  for geographic  
region (exc luding “Other Countr ies)  and the preference of  supplying the 
heated air to inter ior spaces for  domest ic  dwel l ings (Q38A)  

Heat Supply in Domestic dwellings 

Geographic Region 
Total 

 Canada USA UK 
Europ
e 

HVAC 

(Heat, 
Ventilation, and 
Air Conditioning) 

Count 38 67 50 48 203 

% within Geographic 
Region 

63.3% 55.8% 36.0% 41.4% 46.7% 

% of Total 8.7% 15.4% 11.5% 11.0% 46.7% 

Std. Residual 1.9 1.5 -1.8 -.8  

Direct flow 
(mechanical 
ventilation) 

Count 20 43 69 47 179 

% within Geographic 
Region 

33.3% 35.8% 49.6% 40.5% 41.1% 

% of Total 4.6% 9.9% 15.9% 10.8% 41.1% 

Std. Residual -.9 -.9 1.6 -.1  

Other technique 

Count 2 10 20 21 53 

% within Geographic 
Region 

3.3% 8.3% 14.4% 18.1% 12.2% 

% of Total .5% 2.3% 4.6% 4.8% 12.2% 

Std. Residual -2.0 -1.2 .7 1.8  

Total 

Count 60 120 139 116 435 

% within Geographic 
Region 

100.0% 100.0% 100.0% 
100.0
% 

100.0% 

% of Total 13.8% 27.6% 32.0% 26.7% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 



HASAN JAMIL  ALF ARR A  APPEND IX  C  | |  SPSS  AN ALYSIS  

 

Page |  448  

Pearson Chi-Square 23.204a 6 .001 

Likelihood Ratio 24.278 6 .000 

Linear-by-Linear Association 16.921 1 .000 

N of Valid Cases 435 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 7.31. 

Symmetric Measures 

 
Value Approx. Sig. 

Nominal by Nominal 
Phi .231 .001 

Cramer's V .163 .001 

N of Valid Cases 435 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 

Table C-52: Crosstabulat ion and Pearson’s  Chi -square test  for profess ion 
and the preference of  supply ing the heated air  to inter ior spaces for non -
domest ic of f ice bu i ld ings (Q38B) 

Heat Supply in Non-domestic office 
buildings 

Profession Total 

 Architect Engineer Other 

HVAC (Heat, 
Ventilation, and 
Air Conditioning) 

Count 201 94 32 327 

% within Profession 71.0% 77.0% 56.1% 70.8% 

% of Total 43.5% 20.3% 6.9% 70.8% 

Std. Residual .0 .8 -1.3  

Direct flow 
(mechanical 
ventilation) 

Count 48 19 19 86 

% within Profession 17.0% 15.6% 33.3% 18.6% 

% of Total 10.4% 4.1% 4.1% 18.6% 

Std. Residual -.6 -.8 2.6  

Other technique 

Count 34 9 6 49 

% within Profession 12.0% 7.4% 10.5% 10.6% 

% of Total 7.4% 1.9% 1.3% 10.6% 

Std. Residual .7 -1.1 .0  

Total 

Count 283 122 57 462 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 61.3% 26.4% 12.3% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 
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Pearson Chi-Square 11.790a 4 .019 

Likelihood Ratio 10.801 4 .029 

Linear-by-Linear Association .241 1 .623 

N of Valid Cases 462 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 6.05. 

Symmetric Measures 

 
Value Approx. Sig. 

Nominal by Nominal 

Phi .160 .019 

Cramer's V .113 .019 

N of Valid Cases 
 

462 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 

Table C-53: Crosstabulat ion  and Pearson’s  Chi -square test  for geographic  
region (exc luding “Other Countr ies)  and the preference of  supplying the 
heated air to inter ior spaces for  non-domest ic of f ice bui ld ings (Q38B)  

Heat Supply in Domestic dwellings 

Geographic Region 
Total 

 Canada USA UK Europe 

HVAC 

(Heat, Ventilation, 
and Air 
Conditioning) 

Count 49 85 92 77 303 

% within Geographic 
Region 

83.1% 72.6% 65.2% 68.1% 70.5% 

% of Total 11.4% 19.8% 21.4% 17.9% 70.5% 

Std. Residual 1.2 .3 -.7 -.3  

Direct flow 
(mechanical 
ventilation) 

Count 9 22 32 17 80 

% within Geographic 
Region 

15.3% 18.8% 22.7% 15.0% 18.6% 

% of Total 2.1% 5.1% 7.4% 4.0% 18.6% 

Std. Residual -.6 .0 1.1 -.9  

Other technique 

Count 1 10 17 19 47 

% within Geographic 
Region 

1.7% 8.5% 12.1% 16.8% 10.9% 

% of Total .2% 2.3% 4.0% 4.4% 10.9% 

Std. Residual -2.1 -.8 .4 1.9  

Total 

Count 59 117 141 113 430 

% within Geographic 
Region 

100.0% 100.0% 100.0% 100.0% 100.0% 
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% of Total 13.7% 27.2% 32.8% 26.3% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 13.388a 6 .037 

Likelihood Ratio 15.423 6 .017 

Linear-by-Linear Association 8.201 1 .004 

N of Valid Cases 430 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 6.45. 

Symmetric Measures 

 
Value Approx. Sig. 

Nominal by Nominal 
Phi .176 .037 

Cramer's V .125 .037 

N of Valid Cases 430 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 

Table C-54: Crosstabulat ion between profession and the awareness o f  

commerc ia l  TSC produc ts  (Q29)  

Technology Selection at New Residential 
Building 

Profession 
Total 

Architect Engineer Other 

SolarWall® 

Checked 

Count 203 85 36 324 

Column N % 65.9% 65.9% 57.1% - 

Table N % 40.6% 17.0% 7.2% 64.8% 

Unchecked 

Count 105 44 27 176 

Column N % 34.1% 34.1% 42.9% - 

Table N % 21.0% 8.8% 5.4% 35.2% 

InSpire TM Wall 

Checked 

Count 50 19 14 83 

Column N % 16.2% 14.7% 22.2% - 

Table N % 10.0% 3.8% 2.8% 16.6% 

Unchecked 

Count 258 110 49 417 

Column N % 83.8% 85.3% 77.8% - 
Table N % 51.6% 22.0% 9.8% 1 

MatrixAir TR 

Checked 

Count 23 10 5 38 

Column N % 7.5% 7.8% 7.9% - 

Table N % 4.6% 2.0% 1.0% 7.6% 

Unchecked 

Count 285 119 58 462 

Column N % 92.5% 92.2% 92.1% - 

Table N % 57.0% 23.8% 11.6% 92.4% 
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LubiTM 

Checked 

Count 10 8 3 21 

Column N % 3.2% 6.2% 4.8% - 

Table N % 2.0% 1.6% .6% 0 

Unchecked 

Count 298 121 60 479 

Column N % 96.8% 93.8% 95.2% - 

Table N % 59.6% 24.2% 12.0% 95.8% 

Colorcoat 
Renew® 

Checked 

Count 48 13 8 69 

Column N % 15.6% 10.1% 12.7% - 

Table N % 9.6% 2.6% 1.6% 13.8% 

Unchecked 

Count 260 116 55 431 

Column N % 84.4% 89.9% 87.3% - 

Table N % 52.0% 23.2% 11.0% 86.2% 

Not Applicable 

Checked 

Count 94 42 22 158 

Column N % 30.5% 32.6% 34.9% - 

Table N % 18.8% 8.4% 4.4% 31.6% 

Unchecked 

 

Count 214 87 41 342 

Column N % 69.5% 67.4% 65.1% - 

Table N % 42.8% 17.4% 8.2% 68.4% 

 

Table C-55: Select ion of  “Not Appl icab le” of  commercia l  TSC awareness  in a 
crosstab and Pearson’s Chi -square test  with geographic region (Q29)  

Not Applicable 

Geographic Region 

Total 
Canada USA UK Europe 

Other 
Countries 

Checked 

Count 13 38 44 51 12 158 

% within Region 19.1% 30.6% 29.3% 40.2% 38.7% 31.6% 

% of Total 2.6% 7.6% 8.8% 10.2% 2.4% 31.6% 

Std. Residual -1.8 -.2 -.5 1.7 .7  

Unchecked 

Count 55 86 106 76 19 342 

% within Region 80.9% 69.4% 70.7% 59.8% 61.3% 68.4% 

% of Total 11.0% 17.2% 21.2% 15.2% 3.8% 68.4% 

Std. Residual 1.2 .1 .3 -1.2 -.5  

Total 

Count 68 124 150 127 31 500 
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% within Region 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 13.6% 24.8% 30.0% 25.4% 6.2% 100.0% 

Chi-Square Tests 
 

 
Value df Asymp. Sig. (2-sided) 

 
Pearson Chi-Square 10.338a 4 .035 

 
Likelihood Ratio 10.615 4 .031 

 
Linear-by-Linear Association 8.105 1 .004 

 
N of Valid Cases 500 

   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 9.80. 

Symmetric Measures 
 

 
Value Approx. Sig. 

  

Nominal by Nominal 
Phi .144 .035 

  
Cramer's V .144 .035 

  
N of Valid Cases 500 

   
a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis.   

Table C-56: Select ion of  SolarWal l  of  Commerc ial  TSC awareness  in a  
crosstab and Pearson’s Chi -square test  with geographic region (Q29)  

SolarWall® 

Geographic Region 

Total 
Canada USA UK Europe 

Other 
Countries 

Checked 

Count 54 82 98 72 18 324 

% within Region 79.4% 66.1% 65.3% 56.7% 58.1% 64.8% 

% of Total 10.8% 16.4% 19.6% 14.4% 3.6% 64.8% 

Std. Residual 1.5 .2 .1 -1.1 -.5  

Unchecked 

Count 14 42 52 55 13 176 

% within Region 20.6% 33.9% 34.7% 43.3% 41.9% 35.2% 

% of Total 2.8% 8.4% 10.4% 11.0% 2.6% 35.2% 

Std. Residual -2.0 -.2 -.1 1.5 .6  

Total 
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Count 68 124 150 127 31 500 

% within Region 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 13.6% 24.8% 30.0% 25.4% 6.2% 100.0% 

Chi-Square Tests 
 

 
Value df Asymp. Sig. (2-sided) 

 
Pearson Chi-Square 10.756a 4 .029 

 
Likelihood Ratio 11.213 4 .024 

 
Linear-by-Linear Association 8.899 1 .003 

 
N of Valid Cases 500 

   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 10.91. 

Symmetric Measures 
 

 
Value Approx. Sig. 

  

Nominal by Nominal 
Phi .147 .029 

  
Cramer's V .147 .029 

  
N of Valid Cases 500 

   
a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis.   

Table C-57: Select ion of  Colorcoat  Renew of commerc ial  TSC awareness  in  
a crosstab and Pearson’s Chi -square test  with geographic region (Q29)  

Colorcoat Renew® 
Geographic Region 

Total 
Canada USA UK Europe 

Checked 

Count 0 12 37 16 65 

% within Region 0.0% 9.7% 24.7% 12.6% 13.9% 

% of Total 0.0% 2.6% 7.9% 3.4% 13.9% 

Std. Residual -3.1 -1.3 3.6 -.4  

Unchecked 

Count 68 112 113 111 404 

% within Region 100.0% 90.3% 75.3% 87.4% 86.1% 

% of Total 14.5% 23.9% 24.1% 23.7% 86.1% 

Std. Residual 1.2 .5 -1.4 .2  
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Total 

Count 68 124 150 127 469 

% within Region 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 14.5% 26.4% 32.0% 27.1% 100.0% 

Chi-Square Tests 
 

 
Value df Asymp. Sig. (2-sided) 

 
Pearson Chi-Square 27.601a 3 .000 

 
Likelihood Ratio 34.826 3 .000 

 
Linear-by-Linear Association 8.668 1 .003 

 
N of Valid Cases 469 

   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 9.42. 

Symmetric Measures 
 

 
Value Approx. Sig. 

  

Nominal by Nominal 
Phi .243 .000 

  
Cramer's V .243 .000 

  
N of Valid Cases 469 

   
a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis.   

Table C-58: Satisfact ion  of  TSC technology  in  a crosstab and Pearson’s  
Chi-square test  with  geographic reg ion (Q30)  after exc lud ing “other 
countr ies ”  and “no opinion” respondents to  comply with  Chai -square ru les 
and the purpose of  the quest ion  

Quality of the available TSC 

Geographic Region 
Total 

 Canada USA UK Europe 

Satisfactory 

Count 17 19 15 21 72 

% within 
Geographic Region 

37.0% 20.7% 16.1% 30.0% 23.9% 

% of Total 5.6% 6.3% 5.0% 7.0% 23.9% 

Std. Residual 1.8 -.6 -1.5 1.0  

Neutral 

Count 22 66 66 42 196 

% within 
Geographic Region 

47.8% 71.7% 71.0% 60.0% 65.1% 

% of Total 7.3% 21.9% 21.9% 14.0% 65.1% 
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Std. Residual -1.5 .8 .7 -.5  

Unsatisfactory 

Count 7 7 12 7 33 

% within 
Geographic Region 

15.2% 7.6% 12.9% 10.0% 11.0% 

% of Total 2.3% 2.3% 4.0% 2.3% 11.0% 

Std. Residual .9 -1.0 .6 -.2  

Total 

Count 46 92 93 70 301 

% within 
Geographic Region 

100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 15.3% 30.6% 30.9% 23.3% 100.0% 

Chi-Square Tests 

 
  Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square   12.705a 6 .048 

Likelihood Ratio   12.687 6 .048 

Linear-by-Linear Association   .103 1 .748 

N of Valid Cases   301 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 5.04. 

Symmetric Measures 

  
  

 
Value Approx. Sig. 

Nominal by Nominal 
  Phi .205 .048 

  Cramer's V .145 .048 

N of Valid Cases   
 

301 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 

Table C-59: Crosstabulat ion between profession and the fur ther  creat ive 
development (Q31)  

Technology Selection at Existing Residential 
Building 

Profession 
Total 

Architect Engineer Other 

Architects 

Checked 

Count 201 64 29 201 

Column N % 64.4% 50.4% 45.3% 64.4% 

Table N % 40.0% 12.7% 5.8% 40.0% 

Unchecked 

Count 111 63 35 111 

Column N % 35.6% 49.6% 54.7% 35.6% 

Table N % 22.1% 12.5% 7.0% 22.1% 
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Research and 
Design 

Checked 

Count 192 70 37 192 

Column N % 61.5% 55.1% 57.8% 61.5% 

Table N % 38.2% 13.9% 7.4% 38.2% 

Unchecked 

Count 120 57 27 120 

Column N % 38.5% 44.9% 42.2% 38.5% 

Table N % 23.9% 11.3% 5.4% 23.9% 

Integration 
design teams 

Checked 

Count 209 89 47 209 

Column N % 67.0% 70.1% 73.4% 67.0% 

Table N % 41.6% 17.7% 9.3% 41.6% 

Unchecked 

Count 103 38 17 103 

Column N % 33.0% 29.9% 26.6% 33.0% 

Table N % 20.5% 7.6% 3.4% 20.5% 

No further 
actions 
required 

Checked 

Count 5 0 1 5 

Column N % 1.6% 0.0% 1.6% 1.6% 

Table N % 1.0% 0.0% .2% 1.0% 

Unchecked 

Count 307 127 63 307 

Column N % 98.4% 100.0% 98.4% 98.4% 

Table N % 61.0% 25.2% 12.5% 61.0% 

Table C-60: Crosstabulat ion and Pearson’s Chi -square test  between 
profess ion and the select ion of  Architect  as to encounter further innovat ive 
development o f  TSC (Q20)  

Ground Source heat pump 
Profession Total 

 Architect Engineer Other 

Checked 

Count 111 63 35 209 

% within Profession 35.6% 49.6% 54.7% 41.6% 

% of Total 22.1% 12.5% 7.0% 41.6% 

Unchecked Count 201 64 29 294 
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% within Profession 64.4% 50.4% 45.3% 58.4% 

% of Total 40.0% 12.7% 5.8% 58.4% 

Total 

 

Count 312 127 64 503 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 62.0% 25.2% 12.7% 100.0% 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 12.526a 2 .002 

Likelihood Ratio 12.472 2 .002 

Linear-by-Linear Association 11.847 1 .001 

N of Valid Cases 503 
  

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 26.59. 

Symmetric Measures 

 
Value Approx. Sig. 

Nominal by Nominal 
Phi .158 .002 

Cramer's V .158 .002 

N of Valid Cases 503 
 

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 

 

Table C-61: Crosstabulat ion and Pearson’s  Chi -square test  for profess ion 
and the technica l presentat ions and demonstrat ions (Q34)  

Technical presentations and 
demonstrations are helpful for decisions 

Profession Total 

  Architect Engineer Other 

Agree 

 

Count 393 147 76 616 

% within Profession 65.8% 65.0% 59.4% 64.8% 

% of Total 41.3% 15.5% 8.0% 64.8% 

Std. Residual .3 .1 -.8  

Disagree Count 17 9 6 32 
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 % within Profession 2.8% 4.0% 4.7% 3.4% 

% of Total 1.8% .9% .6% 3.4% 

Std. Residual -.7 .5 .8  

No Opinion 

 

Count 36 21 21 78 

% within Profession 6.0% 9.3% 16.4% 8.2% 

% of Total 3.8% 2.2% 2.2% 8.2% 

Std. Residual -1.9 .6 3.2  

Maybe 

Count 151 49 25 225 

% within Profession 25.3% 21.7% 19.5% 23.7% 

% of Total 15.9% 5.2% 2.6% 23.7% 

Std. Residual .8 -.6 -1.0  

Total 

Count 597 226 128 951 

% within Profession 100.0% 100.0% 100.0% 100.0% 

% of Total 62.8% 23.8% 13.5% 100.0% 

Chi-Square Tests 

  Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 18.312a 6 .005 

Likelihood Ratio 16.269 6 .012 

Linear-by-Linear Association .053 1 .818 

N of Valid Cases 951   

a. 1 cells (8.3%) have expected count less than 5. The minimum expected count is 4.31. 

Symmetric Measures 

     Value Approx. Sig. 

Nominal by Nominal Phi .139 .005 

Cramer's V .098 .005 

N of Valid Cases   951   

a. Not assuming the null hypothesis.  

b. Using the asymptotic standard error assuming the null hypothesis. 
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INTRODUCTION  

This plan descr ibes a  programme of monitor ing a test ing r ig of  t ranspired 

solar co l lectors (TSC) for a i r  heat ing. Th is inc ludes potent ia l  locat ion, 

inst ruments,  layout design, and measurements and observat ions to be 

appl ied and recorded.  The aim of monitor ing plan is to measure, record,  

report ,  and analyse the cl imat ic data around the TSC and the output 

parameters of  TSC during the monitor ing period. This exper iment has been 

conducted to assess the real t ime heated air output f rom the TSC 

technology.  

PROJECT  DESCRIPTION   

The test ing r ig assembly and moni tor ing was carr ied out in combinat ion 

with the “Sustainab le  Bui ld ing Envelope Demonstrat i on” (SBED) project  

funded from the European Regional  Development Fund through the Welsh 

Government.   Monitor ing was carr ied out  during the winter season of 

2013/2014. Four TSC panels were instal led on the top roof of  the Welsh 

school of  Arch itecture in Card if f  Universi ty .   They were s ized to feed a room 

of approx imate ly 15m2 in area (F ig.  D-1a and b).   
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Figure D-1: (a) Bute Bui ld ing showing the top roof h ighl ighted - Google  
Perspect ive,  (b) South -West v iew 

The const ruct ion and insta l lat ion of  the four TSC panels s tart ed in  

November 2012. Three of  the panels have a rectangular shape with 

dimensions of  600 x 1800mm whereas the forth one is square of  1039 x 

1039mm. Al l  the panels are south fac ing –  s ide-by-side - and have quite  

large gaps between them to avo id shading. Of the three rectangular panels  

(F igs.  D-2,  D-3 and D-4):  

a. Is p laced ver t ica l ly with short  d imension a long the bottom  

b. Is p laced ver t ica l ly with short  d imension a long the side  

c. Is inc l ined at  45ºC with short  d imension a long the bottom  

One fan was posit ioned so that i t  could be used to pul l  a ir  in a control led 

manner through any of  the panels.  
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Figure D-2:  Layout of  the TSC instal lat ions on the ro of,  a l l  panels are facing 
south 
 

 
Figure D-3: Fronta l e levat ion of  vert ical  un it  shows the used temperature 
sensor locat ions ins ide the plenum 
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Figure D-4: The sensor locat ions in the p lenum of vert ical  TSC  
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The panels are ra ised 200mm above f loor level and placed on a wooden 

structure (F ig.  D-5) .  The width of  the panels is 200mm in add it ion to the 

th ickness of  the thermal insulat ion. As the panels are instal led as stand -

alone far f rom the room fabric,  the panels have addit ional 200mm of thermal 

insulat ion at  the back (Fig.  D-6) to  reduce heat loss of  the TSC.  This  

th ickness was chosen to simulate integrat ion with bu i ld ing façade or roof .  

The col lectors are manufactured f rom pre -f in ished stee l coated in a black 

organic  paint .  The steel th ickness is  0.7mm. The pitch is in  t r iangular 

arrangement;  per forat ion diameter is 12 mm, and porosity 0.3.  

 

Figure D-5: South-east e levat ion shows schematic TSC prototype units  

 
 

 

Figure D-6: Typical top view sect ion in  TSC instal la t ion  (Design)  
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MONIT OR IN G IN STRU MEN TS  

The instruments used for moni tor ing meteorolog ical  condi t ions and test  r ig 
parameters are l is ted in table D-1.  

Table D-1: The needed inst ruments for invest igat ion  

S/
N 

Instrument  Function 
Make/model/  
Suppl ier  

Quantity  

1. 1 

Weather 
stat ion*  (Fig.  
D-7a,b) 
( inc luding i ts  
data logger)  

Record ambient 
c l imat ic condit ions: 
wind veloc ity;  a i r  
temperature;  and 
relat ive humid ity  

Campbel l  
scient i f ic  (CSI)  
GRWS100 

1 

2. 2 Data loggers  

Measurement and control of 
TSC with scientific 
computer software which 
records temperature, 
relative humidity, carbon 
dioxide, differential air 
pressure, air velocity and air 
flow 

(CSI) CR1000  
(Fig.  D-8)  

5 

 

Hobo U12  
(exc luded 
proposal )  

Tinytag Ult ra 2  
(exc luded 
proposal )  

3. 8 
Data logger 
support  
sof tware  

Support  software for 
programming, 
communicat ions, and 
data display  

SCWin  

1 PC200W 

PC400 

4.  
Solar 
radiat ion 
sensor  

On the outer face o f  
the TSC panels:  (one 
for any vert ical  uni t  
and one for the 
incl ined unit )  

Kipp & Zonen’s  
CMP3 
pyranometer 
(F ig.D- 9)  

2  

  

chrome://newtabhttp/www.campbellsci.com/grws100
chrome://newtabhttp/www.campbellsci.com/grws100
chrome://newtabhttp/www.campbellsci.com/cr1000-overview
chrome://newtabhttp/www.onsetcomp.com/products/data-loggers/u12-013
http://www.geminidataloggers.com/data-loggers/tinytag-ultra-2
http://www.geminidataloggers.com/data-loggers/tinytag-ultra-2
http://www.campbellsci.ca/scwin
http://www.campbellsci.ca/pc200w
http://www.campbellsci.ca/pc400
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Table D-1 Continued: The needed inst ruments for invest igat ion  

5. 3 
Temperature 
sensors  

Measures a i r 
temperature:  

Thermocouple  sensors 
were p laced in a grid 
format ion to  measure 
temperature var iat ion 
with in the p lenum as 
shown in Figs D-3 and 
D-4. In add it ion a 
sensor was placed in 
the supply duct before 
each fan and one was 
placed af ter the fan.  

Type-T 
thermocouple 
sensor  
(F ig.  D-10)  

40+ total  

 

 

PT100 (Fig. D-11) 

6. 6 

Single-Point 
Multi-Range Air 
Velocity 
Transmitter 

Measures air velocity 
Sontay AV-DSP 
(Fig.  D-12)  

4 

7. 3 

Temperature 
and relat ive  
humid ity 
sensors  

Measures temperature 
and relat ive humid ity :  
(4) at  the beginning o f  
each duct ,  and (4) a t  
the outer face of  each 
TSC panel .  

CS215 (Fig. D-13) 

8 

TSI,  Veloc ica lc  
9545 (Fig. 14) 

8.  
Globe 
temperature* 

Measures indoor globe 
temperature  

BlackGlobe-L 
(F ig.  D-15)  

2 

9. 7 
Carbon 
dioxide data  
logger*  

For indoor monitor ing  

Tinytag CO2  

2 
GMT220 Vaisa la  
(F ig.  D-16)  

*  Indoor instruments are part ia l ly insta l led and not reported in the thesis as 
they turned beyond the scope of work   

http://www.tsi.com/VELOCICALC-Air-Velocity-Meter-9545/
http://www.tsi.com/VELOCICALC-Air-Velocity-Meter-9545/
http://www.campbellsci.ca/blackglobe-l-overview
http://www.geminidataloggers.com/data-loggers/tinytag-co2-data-logger
http://www.geminidataloggers.com/data-loggers/tinytag-co2-data-logger
http://www.geminidataloggers.com/data-loggers/tinytag-co2-data-logger
http://www.vaisala.com/en/products/carbondioxide/Pages/gmt220.aspx
http://www.vaisala.com/en/products/carbondioxide/Pages/gmt220.aspx


HASAN JAMIL ALFARRA APPENDIX D|| MONITORING PLAN OF TESTING RIG 

 

Page |  466  

 

Figure D-7: (a)  Ex is t ing solar i r radia t ion di f fuser (b)  Ex ist ing weather 
stat ion –  remedia l work is requ ired for the re lat ive humid ity and temperature 
sensors  

 

Figure D-8: CR1000 - Measurement and cont rol  data loggers  

 

Figure D-9: CMP3 Solar rad iat ion sensor ,  Protect ive Glass Dome and solar  
shield  
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Figure D-10: Type-T thermocouple sensor  

 

Figure D-11: PT100 thermic element with cable and t ip Ø 6  

 

Figure D-12:  AV-DSP Single -Point  Mul t i -Range Air Ve loc ity Transmit ter  
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Figure D-13: (a) CS215-L Temperature and Relat ive Humidi ty Sensor,  (b)  
HMP155A-L Temperature and Humid ity Probe  

 

Figure D-14: Veloc iCalc® Air Ve loci ty Meter  9545, measures ve loci ty,  
temperature,  and relat ive humidity ;  and calculates f low, wet bulb and dew 
point  temperature  

 

Figure D-15: BlackGlobe-L, Temperature Sensor for Heat St ress (B lack 
Globe) uses a thermistor inside  
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Figure D-16: Vaisa la CARBOCAP® carbon dioxide t ransmit ter ser ies 
GMT220 

TSC  CONSTR UCTION  IT EMS  

The table below inc ludes l is t  of  the const ruct ion i tems of t ransp ired so lar  

col lector  (TSC) test ing r ig on the Bute bui ld ing roof.  

Table D-2: l is t  of  the TSC construct ion i tems  

S/N Description Qty Note 

1 

Unit 1: TSC Colorcoat Renew SC black panel 1039 (width) 
x 1039 (height) x 0.7 (thickness) mm including bracket 
holding channels (to be detailed by the manufacturer). 
Indicative details in Fig. D-4 

1  

200 mm thick back-up Rockwool insulation enclosed with 
1039 (W) x 1039 (H) x 5 (thk)mm galvanized steel.  

1  

Supportive wooden structure to hold the TSC installation.  1  

2 

Unit 2: TSC Colorcoat Renew SC black panel 600 (width) x 
1800 (height) x 0.7 (thickness) mm including bracket 
holding channels (to be detailed by the manufacturer). 
Indicative details in Fig. D-4 

1  

 
200 mm thick back-up Rockwool insulation enclosed with 
600 (w) x 1800 (h) x 5 (thk)mm galvanized steel.  

1  

 Supportive wooden structure to hold the TSC installation.  1  
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Table D-2 Continued: l is t  of  the TSC const ruct ion i tems  

S/N Description Qty Note 

3 

Unit 3: TSC Colorcoat Renew SC black panel 600 (width) 
x 1800 (height) x 0.7 (thickness) mm installed inclined at 
45 degree, including bracket holding channels (to be 
detailed by the manufacturer). Indicative details in Fig. D-
4 

1  

 
200 mm thick back-up Rockwool insulation enclosed with 
600 (w) x 1800 (h) x 5 (thk)mm galvanized steel.  

1  

 Supportive wooden structure to hold the TSC installation  1  

4 

Unit 4: TSC Colorcoat Renew SC black panel 1800 
(width) x 600 (height) x 0.7 (thickness) mm installed 
inclined at 45 degree, including bracket holding channels 
(to be detailed by the manufacturer). Indicative details in 
Fig. D-4 

1  

 
200 mm thick back-up Rockwool insulation enclosed with 
1800 (w) x 600 (h) x 5 (thk)mm galvanized steel.  

1  

 Supportive wooden structure to hold the TSC installation  1  

5 
Hole to the existing wall, size to accommodate the duct 
size (about 150 mm) at around 600mm height from floor 
level 

1  

6 
Flexible duct 150 mm insulated by 50mm thermal 
Rockwool to minimize temperature loss  

L.M 
Length to be 
confirmed 

7 Make-up Fan Unit 1 
Specification to 
TSC 
manufactured.  

8 Internal flue ducting: vertical and horizontal.  

To be 
recommended by 
the TSC 
manufacturer 

9 Extract fan   

10 Thermal Storage unit  
Type and Size to 
be advised by the 
TSC manufacturer 
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SCENAR IOS OF L OCAT IN G  TSC  PA NEL S ON  TH E R OOF –  SHADING ANAL YSIS  

 
 



HASAN JAMIL ALFARRA APPENDIX D|| MONITORING PLAN OF TESTING RIG 

 

Page |  472  
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Figure D-17: Progress photos of  the TSC prototype  
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ATTACHMENT TO ETHICS APPROVAL FORM: 

 

1. Tit le of Project  

The Archi tectural and Envi ronmenta l Integrat ion of  Transpired Solar Thermal  

in Commerc ial  and Resident ia l  Bu i ld ing Envelopes  

  

2. Purpose of the project and i ts academic rationale  

The pro ject  invest igates the percept ion of  archi tects  towards the integrat ion 

of  Transp ired Solar  Col lectors (TSCs) in commerc ial  and resident ia l  

bui ld ings. The rat iona le of  the project  a ims to promote the usage of an 

al ternat ive sustainab le source of  energy for e i ther space heat ing or both 

space heat ing and electr ic i ty in bui ld ings. Th is new source wi l l  subst i tute the 

fossi l  fuel dependency which leads to c leaner and cl imate f r iendly bui l t  

environment.  The invest igat ion in the arch itectural  integrat ion part  however 

wi l l  focus on the current arch i tects ’  percept ion and TSCs technology 

chal lenges in order to  f ind the possible means to promote the technology 

and/or improve i t .  

 

3. Brief description of methods and measurements  

The PhD pro ject  consists of  two main parts:  Quant i ta t ive /Qual i tat ive for 

archi tectural integrat ion and Simulat ion/Field work val idat ion to measure 

thermal comfort  and carbon diox ide reduct ions via bui ld ing -integrated TSCs.  

The Quant i ta t ive /Qual i tat ive wi l l  be conducted via quest ionnaire and further 

interviews with archi tects,  whe reas, the simulat ion wi l l  be conducted using 

simulat ion software with va l idat ing the results exper imental ly.  The 

quest ionnaire wi l l  be web -based survey and results wi l l  be analyzed in terms 

of certa in var iables ( i .e.  funct ion, aesthet ics,  c l imate change mi t igat ion,  

thermal comfort…).  
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4. Participants: recruitment methods, number, age,  gender,  

exclusion/ inclusion criteria  

This eth ics form appl ies to the qual i tat ive /  quant i tat ive part  of  architectural  

integrat ion. The recru itment  methods wi l l  include d ist r ibut ion by the web -

based survey to be used ( i .e.  L ime Survey) which wi l l  be open responses via  

internet.  Part ic ipants,  archi tects and engineers,  wi l l  be contacted via  

not i f icat ions through the web -based survey, emai led, contacted using 

directory of  UK consultants to obta in publ ic ly ava i lab le contact detai ls ,  my 

fr iends and col leagues, Facebook, my ex -univers i t ies….. .  The invi tat ion 

numbers wi l l  be open t i l l  the responses received are in acceptable range.  

The age wi l l  be for  adult  professiona l archi tect  and engineers in the 

construct ion indust ry whi le there wi l l  be no gender preferences. There might 

be an opt ion to exclude bui lders and manufacturers.  

 

5. Consent and partic ipation information arrangements - please attached 

consent forms if they are to be used  

N/A 

 

6. A clear and concise statement of  the ethical considerations raised by  

the project and how is dealt with them  

Any ident i f iable ext racts f rom the survey wi l l  not be publ ished without  

consensus f rom the part ic ipant.   

 

7. Estimated start date and duration of project   

The quest ionnaire is expected to be sent -out  before mid of  March 2012 and 

last  t i l l  Ju ly 2012.  They are supposed to be no extension beyond th is period 

as I  should  start  analyzing the resu lts.    
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ETHICAL MEASURES OF  THE QUESTIONN AIR E  

Albeit  the quest ionnaire was admin istered in complete anonymity,  e thical  

measures were taken towards data co l lect ion and use. Prior to d ist r ibut ion of  

the quest ionnaire,  eth ical  approva l was obtained from the Research Eth ics 

Commit tee at  the Welsh School  of  A rch itecture on 26th  March 2012 under 

reference number EC1203.114 (Appendix E).  This approval was ment ioned in  

the text  of  the emai l  inv i tat ion to a l l  the part ic ipants as wel l  as the 

introduct ion of  the quest ionnaire.  The email  inv i tat ion inc luded detai led 

informat ion for the respondents that to sat isfy  the eth ica l requirements,  

these inc luded:  

-  Aim and Objective:  the aim and the object ives f rom the survey as 

wel l  as the research study were i l lust rated at  the beginning of  the 

emai l .  

-  Voluntary participation: the part ic ipants were informed that they 

could voluntary par t ic ipate in the survey.  They furthermore were 

not i f ied that they could wi thdraw at any t ime during the process 

without g iv ing a reason. The software was however designed t o 

automatical ly save the latest  response pre -wi thdrawal.  

-  Reporting:  the part ic ipants were informed that the data are to be 

used for academic research purposes and to be used anonymously.  

-  Unsubscribing:  fo l lowing to the web - l ink locat ion in the emai l  

invi tat ion, a l l  the contacts we re of fered the opportunity  to 

unsubscr ibe i f  they do not wish to receive fur ther reminders.  

-  Contact details:  the part ic ipants have received the contact email  and 

phone number of  the researcher in the body of  the emai l  inv i tat ion as 

wel l  as the contact deta i ls  of  the Welsh School of  Architecture .  

-  Misconduct:  the part ic ipants had the chance to complain of  any 

misconduct,  i f  not to  address an issue d i rect ly to the researcher,  

e i ther  to the Welsh School of  Arch itecture or  to the web -based survey 

admin ist rat ion.  
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ATTACHMENT TO ETHICS APPROVAL FORM (INTERVIEW): 

  

1. Tit le of Project  

The Arch itectural In tegrat ion and Technological Evaluat ion of  Transpired 

Solar Thermal in Resident ia l  Bu i ld ing Envelopes  

2. Purpose of the project and i ts academic rationale  

The pro ject  invest igates the percept ion of  archi tects  towards the integrat ion 

of  Transp ired Solar  Col lectors (TSCs) in commerc ial  and resident ia l  

bui ld ings. The rat ionale of  the project  a ims to provide ins ight  into the 

l imita t ion of  arch itectural ly integrat ing transpired so lar thermal technology 

for space heat ing in  bui ld ings, and clar i fy i ts ro le in sat isfy ing thermal  

comfort  and energy saving at  res ident ia l  sector.  Th is inc ludes an 

invest igat ion, in USA,  Canada, UK and European cont inent,  of  the lack of  

adopt ion of  integrat ing transpired so lar  col lectors (TSC) in bui ld ing 

envelopes despite i ts apparent technica l  compet i t iveness. The socio -

economic side in concerns of  technological innovat ive deve lopment is  

explored at  ent repreneurship  level in UK. Furthermore, the sat is fact ion of  

socio -environmenta l aspects such as thermal comfort  and energy saving is  

veri f ied,  in the Welsh resident ia l  sector.  This wi l l  provide informat ion of  

whether the TSC technology is useful for space heat ing in dwel l ings or i t  

needs further innovat ive measures.  

3. Brief descrip tion of methods and measurements  

The PhD pro ject  consists of  two main parts:  Quant i ta t ive /Qual i tat ive for 

archi tectural integrat ion and Field work to  measure thermal comfort  and 

carbon diox ide reduct ions v ia bui ld ing -integrated TSCs. The 

Quant i tat ive/Qual i tat ive wi l l  be conducted via quest ionnaire and further 

in terviews wi th architects,  ent repreneurs,  engineers…etc.  The quest ionnaire  

and interviews are to  be conducted fo l lowing to ethics approval  f rom the 

research ethics committee from the Welsh School of  A rchitecture.  The 

quest ionnaire is web-based survey and results are analyzed in  terms of 

certa in variables ( i .e .  funct ion, aesthet ics,  c l imate change mit igat ion,  
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thermal comfort…).  The interv iews wi l l  be semi -st ructured with  

entrepreneurs and experts in UK and Canada  

4. Participants: recruitment methods, number, age,  gender,  

exclusion/ inclusion criteria  

A prev ious ethics approval was obta ined for the quest ionnaire under 

reference number (EC1203.114) on 26 -Mar-2012. This ethics form appl ies to  

the interview (qual i tat ive) par t  of  the study, part icular ly to the technologica l 

innovat ive system development.  The recruitment methods wi l l  include 

contact ing possible part ic ipants v ia emai l  to agree a convenient  t ime and 

venue for interv iews. Part ic ipants wi l l  be conta cted using di rectory names 

who part ic ipated in the quest ionnaire and/or recognized as experts in the 

f ie ld.  The focus in UK wi l l  be in the unique entrepreneur in the country which  

is [manufacturer name ]  in addit ion to few academics. The interview 

numbers wi l l  be l ike ly  6 for UK and about the same in Canada. In Canada, 

the interv iews may focus on assessment  of  research recommendat ions and 

resul ts in addit ion to the evaluat ion of  technologica l innovat ion development.   

5. Consent and partic ipation information arrangements - please attached 

consent forms if they are to be used  

A consent form wi l l  be signed by the part ic ipant at  the beginning of  the 

interview. The interviews wi l l  be recorded using a dig i ta l  Dictaphone voice 

recorder.  Consent form is at tached.  

6. A clear and concise statement of  the ethical considerations raised by  

the project and how is dealt with them 

Any ident i f iab le ext racts f rom the interviews wi l l  not be publ ished without 

consent f rom the part ic ipant.   

7. Estimated start date and duration of project   

The interviews in UK are expected to be conducted during May 2013. In 

Canada, the in terv iews are expected to  be carr ied out  as a start  of  

September 2013.   

http://www.amazon.co.uk/Digital-Dictaphone-Recorder-Telephone-Recording/dp/B009T1RWJS/ref=sr_1_2?ie=UTF8&qid=1367481854&sr=8-2&keywords=dictaphone
http://www.amazon.co.uk/Digital-Dictaphone-Recorder-Telephone-Recording/dp/B009T1RWJS/ref=sr_1_2?ie=UTF8&qid=1367481854&sr=8-2&keywords=dictaphone
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INTERVIEW DESIGN: 

Email  text :  

Dear (Part ic ipant  Name) ,  

You are k indly  inv i ted to part ic ipate in  an interv iew fo r  a s tudy invest igat ing the  

barr ie rs  fac ing int roduct ion of  Transpi red Solar  Col lectors (TSC) in to the market  

(UK/Canada) .  This  is  part  o f  a  wider s tudy consider ing  technological  evaluat ion  

and archi tectural  in tegrat ion of  TSC ai r  heaters into bui ld ing envelopes at  the 

res ident ia l  sector .  Th is  interv iew is  d i rec ted to l imi ted number  ent repreneurs ,  

researchers,  and profess ionals  engaged in  research and development to 

understand thei r  percept ion of  t rans pi red  solar  technological  innovat ion 

development  and the acute problemat ic  shortage of  in tegrat ing  the technology in  

bui ld ing envelopes.   

I  apprec iate i f  you would propose a convenient  t ime and venue fo r  the interv iew; I  

would h ighly  apprec iate  i f  th is  cou ld  take p lace before end of  May 2013.  

The interv iew data wi l l  be held and reported anonymously  and wi l l  be exc lus ively  

used for  academic purposes.  Complet ing the in terv iew wi l l  take approx imately  30 

minutes.  Your part ic ipat ion is  ent i re ly  voluntary  and tha t  you can wi thdraw f rom 

the interv iew at  any t ime wi thout  g iv ing a reason.  Nevertheless,  I  h ighly  

apprec iated your complete part ic ipat ion which wi l l  add a valuable cont r ibut ion to  

the s tudy.  The informat ion you prov ide wi l l  be t reated and publ ished tota l ly  

anonymously .  Your contact  deta i ls  wi l l  no t  be used in the repor t ing or  analyses in 

any way.  This  survey has been approved by the Research Ethics Commit tee of  the 

Welsh School  of  Archi tecture (……..) .  

I f  you have any quest ions about  th is  in te rv iew please do  not  hes i ta te to contact  

me.  Thank You very much in advance for  your cooperat ion  and help.  

Thanks & Regards,  

Hasan Al far ra  

Ph.D Candidate in Archi tecture,  Cardi f f  Univers i ty  -  UK 

Mob: +44 7414 10 3260  

haj farra@hotmai l .com 

Al far rah@cardi f f .ac.uk  

 

 

mailto:hajfarra@hotmail.com
mailto:Alfarrah@cardiff.ac.uk
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INTERVIEW GUIDING QUESTIONS 

 

I  am interested to ta lk more about innovat ion development of  t ranspired 

solar technology at  nat ional level,  th is inc lude some of the structures and 

barr iers to innovat ion from both architectura l and research side.  So I  real ly  

appreciate your advices and your exper ience on that.  

1. What inst i tu t ions (publ ic,  pr ivate,  and publ ic -private) or regu lat ions do 

you feel determine the direct ion of  solar resea rch and deve lopment?  

 

2. How do you feel about knowledge creat ion and protect ion for  

companies in th is  reg ion (UK /  Canada)?  

 

3. What k ind of  networking do you do with other companies, in terms of  

learn ing and knowledge dif fusion for t ransp ired solar technology?  Is 

there a loca l,  reg ional or internat iona l network(s) of  so lar companies? 

What benef i ts do you get f rom that?  

 

4. What k ind of  knowledge - taci t ,  cod if ied… etc.  -  are  you happy to 

share (or not share)  with other inst i tut ions (publ ic,  pr ivate,  and 

publ ic -pr ivate) in the sector? Would your company prefer to act  

independent ly due to Informat ion Protect ion issues?  

 

5. What are the expectat ions of  publ ic and legi t imate lobby (arch itects,  

local author i ty,  bui ld ing owners…etc.) f rom integrat ing so lar energy in 

bui ld ings, especial ly with t ranspired so lar col lectors? How do you 

evaluate the sat is fact ion of  the technology by legi t imate lobby and 

publ ic yet?  
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6. In terms regulat ing a product to market,  what are the d i f f icul t ies 

you’re  fac ing, part icu lar ly  for  t ranspired so lar co l lectors? What  would 

you recommend that  regulatory bodies should do to assist  new 

products emerging into  the market?  

 

7. In terms of market i ng an innovat ive technology:  what  are the 

obstacles you’ re facing for creat ing a new market for t ransp ired so lar  

col lectors? How do you deal with these d if f icul t ies?  

 

8. In terms of funding:  how have you accessed funding to develop 

transpired so lar col lectors? Have you been able to access any publ ic  

funding? How va luable is externa l f inancial  support  for research ing 

new solar technolog ies and what are the main barr iers in your 

experience to gett ing funding for t ransp ired solar col lectors?  

 

9. How do you evaluate the future of  TSC in th is country? What are your 

recommendat ions for further research and development?  
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CONSENT FORM - CONFIDENTIAL DATA 

I  understand that my part ic ipat ion in th is project  wi l l  involve invest igat ion 

of  barr iers fac ing the introduct ion of  T ransp ired Solar Col lectors (TSC) into 

the market which wi l l  requi re approximately 30 minutes of  my t ime. This is 

part  of  a study consider ing architectura l  integrat ion and technologica l 

evaluat ion o f  TSC a i r heaters into bui ld ing envelopes at  the resident ia l  

sector.  

I  understand that part ic ipat ion in th is s tudy is voluntary and that  I  can 

withdraw f rom the study at  any t ime without g iv ing a  reason.   

I  understand that I  am free to ask any quest ions at  any t ime. I  am free to 

withdraw or d iscuss my concerns wi t h Dr.  V icki  Stevenson on 

StevensonV@card if f .ac.uk.  

I  understand that the informat ion provided by me wi l l  be recorded but wi l l  

be held conf ident ia l ly,  such that only the Pr incipal Invest igator can t race th is 

informat ion back to  me individua l ly.  The informat ion wi l l  be reta ined for  up to  

two year when i t  wi l l  be deleted/dest royed.  

I  understand that I  can ask for  the informat ion I  prov ide to be 

deleted/dest royed at  any t ime and, in accordance wi th the Data Protect ion 

Act,  I  can have access to the informat ion at  any t ime.  

I ,  ___________________________________ [PRINT NAME]  consent to  

part ic ipate in the study conducted by Hasan Alfarra,  Welsh School of  

Arch itecture,  Card if f  Universi ty with the supervision of  Prof.  Ph i l  Jones and 

Dr.  V icki  Stevenson.  

 
Signed:  
 
Date:  
 
 



HASAN JAMIL  ALF ARR A  APPEND IX  G  | |  NV IVO  SUMMARIES (RESU LT S)  

 
 

Page |  489  

 

 
 
 
The fol lowings are sample of  qual i tat ive data summaries for both  chapters 

5(the quest ionnaire) and chapter 6 (the in terviews and secondary data)  

 
Chapter 5: Sample of analysis summary  

 
 

Ch5: Reports \ \Pro ject  Summary Report  (1/9)  

2014-03-13 12:06 PM 

Project Summary 

Architectural Integration – Analysis Chapter 5 

Hierarchical Name 
Item 
Type 

Created On Modified On 

        

Framework Matrices 
   

Internals\\Q08 - SolGen Dataset 
2012-12-02 
3:46 PM 

2013-02-14 
11:19 PM 

Internals\\Q09 - Decision Dataset 
2012-12-02 
3:48 PM 

2013-02-14 
11:19 PM 

Internals\\Q10 - Decision of Integration Dataset 
2012-12-02 
3:49 PM 

2013-02-15 
5:52 PM 

Internals\\Q11 Dataset 
2012-12-02 
3:51 PM 

2013-11-15 
10:08 AM 

Internals\\Q12 Dataset 
2012-12-02 
3:54 PM 

2013-11-15 
12:41 PM 

Internals\\Q13 Dataset 
2013-02-15 
7:15 PM 

2013-11-17 
4:01 PM 
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Ch5: Reports \ \Pro ject  Summary Report  (2/9)  

2014-03-13 12:06 PM 

Hierarchical Name  
Item 
Type 

Created On 
Modified 
On 

Internals\\Q14 Dataset 
2012-12-02 
3:59 PM 

2013-11-17 
5:10 PM 

Internals\\Q15 Dataset 
2012-12-02 
4:03 PM 

2012-12-02 
4:04 PM 

Internals\\Q16 Dataset 
2012-12-02 
4:05 PM 

2012-12-02 
4:06 PM 

Internals\\Q17 Dataset 
2012-12-02 
4:07 PM 

2013-11-17 
10:16 PM 

Internals\\Q18 - Priority in selection Dataset 
2012-12-02 
4:10 PM 

2013-11-18 
11:48 AM 

Internals\\Q19 - IntegScheme Dataset 
2012-12-02 
4:15 PM 

2013-02-17 
6:45 PM 

Internals\\Q20 - New Residential Dataset 
2012-12-02 
4:17 PM 

2013-11-18 
3:47 PM 

Internals\\Q21 - Existing Residential Dataset 
2012-12-02 
4:19 PM 

2012-12-02 
4:20 PM 

Internals\\Q22 Dataset 
2012-12-02 
4:24 PM 

2012-12-02 
4:24 PM 

Internals\\Q23 - Harmonise with Traditional Dataset 
2012-12-02 
4:28 PM 

2013-11-21 
7:43 AM 

Internals\\Q24 - State of integration Dataset 
2012-12-02 
4:29 PM 

2012-12-02 
4:30 PM 

Internals\\Q25 - Aesthetic appearance Dataset 
2012-12-02 
4:31 PM 

2013-02-18 
10:17 PM 

Internals\\Q26 - Dummy Dataset 
2012-12-02 
4:37 PM 

2013-02-20 
9:31 PM 

Internals\\Q27 - sustainability Dataset 
2012-12-02 
4:40 PM 

2013-02-20 
9:56 PM 

Internals\\Q28 - sustainable characteristics Dataset 
2012-12-02 
4:42 PM 

2012-12-02 
4:43 PM 

Internals\\Q29 - commercial familiarity Dataset 
2012-12-02 
4:44 PM 

2013-02-18 
9:35 PM 

Internals\\Q30 - Satisfaction Dataset 
2012-12-02 
4:45 PM 

2013-02-18 
9:09 PM 

Internals\\Q31 - Innovative development Dataset 
2012-12-02 
4:46 PM 

2013-02-24 
8:41 PM 

Internals\\Q32 - Drawbacks Dataset 
2012-12-02 
4:47 PM 

2013-02-17 
10:34 PM 
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Ch5: Reports \ \Pro ject  Summary Report  (3/9)  
  

2014-03-13 12:06 PM 

Hierarchical Name  
Item 
Type 

Created On 
Modified 
On 

Internals\\Q33 - Factors Dataset 
2012-12-02 
4:48 PM 

2013-02-24 
9:07 PM 

Internals\\Q34 - technical presentations Dataset 
2012-12-02 
4:50 PM 

2013-02-24 
9:17 PM 

Internals\\Q35 - Colour Dataset 
2012-12-02 
4:51 PM 

2013-02-24 
9:41 PM 

Internals\\Q36 - contradict the aesthetics Dataset 
2012-12-02 
4:52 PM 

2013-02-24 
10:11 PM 

Internals\\Q37 - Cooling Dataset 
2012-12-02 
4:53 PM 

2013-02-24 
10:25 PM 

Internals\\Q38 - Air supply Dataset 
2012-12-02 
4:53 PM 

2013-02-24 
9:51 PM 

Internals\\Q39 - Air Supply at refurbished 
buildings 

Dataset 
2012-12-02 
4:54 PM 

2013-02-24 
9:50 PM 

Internals\\Q40 - Key issues Dataset 
2013-02-15 
7:32 PM 

2013-02-25 
11:36 AM 

Internals\\Q41 - further comments Dataset 
2012-12-02 
5:01 PM 

2013-02-24 
10:34 PM 

        

Memos 
   

Memos\\Delayed involvement of Experts Memo 
2013-02-15 
5:58 PM 

2013-02-15 
6:06 PM 

Memos\\Dummy to hide equipments on roof Memo 
2013-02-15 
6:52 PM 

2013-02-15 
6:54 PM 

Memos\\Function vs. Aesthetics Memo 
2013-02-17 
6:29 PM 

2013-02-17 
6:31 PM 

Memos\\-ve government interference Memo 
2013-02-14 
10:20 PM 

2013-02-14 
10:27 PM 

Models 
   

Models\\cost effectiveness Model 
2013-11-13 
4:09 PM 

2013-11-13 
4:09 PM 

    
Nodes 

   

Nodes\\Annotations Node 
2013-02-14 
11:33 AM 

2013-02-26 
6:20 PM 

Nodes\\Architectural Design Node 
2013-02-14 
10:42 AM 

2013-02-20 
2:35 AM 

Nodes\\Architectural Design\Aesthetics Node 
2013-02-14 
10:41 AM 

2013-11-15 
11:16 AM 
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Ch5: Reports \ \Pro ject  Summary Report  (4/9)  
  

2014-03-13 12:06 PM 

Hierarchical Name  
Item 
Type 

Created On 
Modified 
On 

Nodes\\Architectural Design\Design 
Directions 

Node 
2013-02-14 
10:42 AM 

2013-02-18 
9:02 PM 

Nodes\\Architectural Design\Design 
Directions\Appropriate Technology that fits 
for purpose 

Node 
2013-02-14 
12:45 PM 

2013-02-26 
5:40 PM 

Nodes\\Architectural Design\Design 
Directions\Building type and function 

Node 
2013-02-14 
11:35 AM 

2013-11-19 
5:00 PM 

Nodes\\Architectural Design\Design 
Directions\Concept Compatibility 

Node 
2013-02-18 
10:09 PM 

2013-11-19 
5:20 PM 

Nodes\\Architectural Design\Design 
Directions\Design assisted tools 

Node 
2013-02-25 
2:19 PM 

2013-11-19 
4:50 PM 

Nodes\\Architectural Design\Design 
Directions\Dummy Choice 

Node 
2013-02-15 
6:35 PM 

2013-11-17 
7:23 PM 

Nodes\\Architectural Design\Design 
Directions\IDP 

Node 
2013-02-14 
10:02 PM 

2013-02-26 
5:43 PM 

Nodes\\Architectural Design\Design 
Directions\Location, Size and Orientation 

Node 
2013-02-15 
6:15 PM 

2013-11-19 
5:21 PM 

Nodes\\Architectural Design\Design 
Directions\Multi-Function 

Node 
2013-02-17 
3:07 PM 

2013-02-20 
9:35 PM 

Nodes\\Architectural Design\Design 
Directions\Passive design in priority 

Node 
2013-02-14 
12:22 PM 

2013-02-26 
6:18 PM 

Nodes\\Architectural Design\Design 
Directions\Replaceable Envelopes 

Node 
2013-02-14 
10:57 AM 

2013-02-25 
10:46 AM 

Nodes\\Architectural Design\Design 
Directions\Shadowing the Building 

Node 
2013-02-14 
12:00 PM 

2013-02-26 
4:31 AM 

Nodes\\Architectural Design\Design 
Directions\Simplicity and Flexibility 

Node 
2013-02-14 
10:42 AM 

2013-11-19 
8:16 AM 

Nodes\\Architectural Design\Design 
Directions\Site characteristics 

Node 
2013-02-14 
11:27 AM 

2013-11-19 
5:17 PM 

Nodes\\Architectural Design\Historical and 
Existing Buildings 

Node 
2013-02-14 
10:48 AM 

2013-02-26 
6:19 AM 

Nodes\\Architectural Design\Office vs. 
Residential 

Node 
2013-02-17 
6:55 PM 

2013-02-20 
9:33 PM 

Nodes\\Architectural Design\Thermal 
Comfort 

Node 
2013-02-14 
11:01 AM 

2013-02-24 
10:06 PM 

Nodes\\Bloom's Model - taxonomy of the 
cognitive domain 

Node 
2013-02-18 
8:17 PM 

2013-02-25 
12:14 PM 

Nodes\\Bloom's Model - taxonomy of the 
cognitive domain\1. Awareness 

Node 
2013-02-18 
8:19 PM 

2013-02-25 
11:43 AM 
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Ch5: Reports \ \Pro ject  Summary Report  (5/9)  
  

2014-03-13 12:06 PM 

Hierarchical Name 
Item 
Type 

Created On Modified On 

Nodes\\Bloom's Model - taxonomy of the 
cognitive domain\2. Knowledge 

Node 
2013-02-18 
8:19 PM 

2013-02-25 
11:43 AM 

Nodes\\Bloom's Model - taxonomy of the 
cognitive domain\3. Comprehension 

Node 
2013-02-18 
8:19 PM 

2013-02-24 
8:45 PM 

Nodes\\Bloom's Model - taxonomy of the 
cognitive domain\4. Application 

Node 
2013-02-18 
8:20 PM 

2013-02-24 
8:45 PM 

Nodes\\Bloom's Model - taxonomy of the 
cognitive domain\5. Analysis 

Node 
2013-02-18 
8:20 PM 

2013-02-24 
8:45 PM 

Nodes\\Bloom's Model - taxonomy of the 
cognitive domain\6. Synthesis 

Node 
2013-02-18 
8:20 PM 

2013-02-24 
8:45 PM 

Nodes\\Bloom's Model - taxonomy of the 
cognitive domain\7. Evaluation 

Node 
2013-02-18 
8:20 PM 

2013-02-24 
8:45 PM 

Nodes\\Decision make Node 
2013-02-14 
9:56 PM 

2013-02-20 
10:17 PM 

Nodes\\Decision make\Architect's Role Node 
2013-02-14 
9:54 PM 

2013-02-26 
6:17 AM 

Nodes\\Decision make\Client's or Developer 
Role 

Node 
2013-02-14 
9:57 PM 

2013-02-25 
10:42 AM 

Nodes\\Energy Merits Node 
2013-02-14 
10:25 AM 

2013-02-25 
12:46 PM 

Nodes\\Energy Merits\Energy Efficiency Node 
2013-02-14 
9:56 AM 

2013-02-26 
5:37 PM 

Nodes\\Energy Merits\Energy Saving Node 
2013-02-14 
10:54 AM 

2013-02-26 
5:40 PM 

Nodes\\Energy Merits\Energy Security Node 
2013-01-24 
1:48 PM 

2013-02-26 
5:41 AM 

Nodes\\Energy Merits\Thermal Storage Node 
2013-02-14 
11:03 AM 

2013-02-26 
6:10 PM 

Nodes\\Environmental an Sustainable Merits Node 
2013-02-14 
10:26 AM 

2013-02-14 
10:23 PM 

Nodes\\Environmental an Sustainable 
Merits\Eco-friendly technology 

Node 
2013-02-14 
10:28 AM 

2013-02-26 
1:04 AM 

Nodes\\Environmental an Sustainable 
Merits\Sustainable Built Environment 

Node 
2013-01-24 
1:47 PM 

2013-02-25 
12:57 PM 

Nodes\\Environmental an Sustainable 
Merits\Sustainable Characteristics 

Node 
2013-02-14 
12:08 PM 

2013-02-26 
5:52 AM 

Nodes\\Trombe wall form Node 
2013-02-14 
11:42 AM 

2013-02-14 
10:23 PM 
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Hierarchical Name  
Item 
Type 

Created On 
Modified 
On 

Nodes\\TSC Merits Node 
2013-02-14 
12:12 PM 

2013-02-20 
10:17 PM 

Nodes\\TSC Merits\Cooling Node 
2013-02-14 
12:13 PM 

2013-02-25 
12:15 PM 

Nodes\\TSC Merits\Heating Node 
2013-02-14 
12:12 PM 

2013-02-18 
8:48 PM 

Nodes\\TSIS Evolving Node 
2013-02-14 
9:38 AM 

2013-02-14 
10:23 PM 

Nodes\\TSIS Evolving\Barriers Node 
2013-02-14 
9:34 AM 

2013-02-14 
10:45 AM 

Nodes\\TSIS Evolving\Barriers\Economic 
Barriers 

Node 
2014-03-07 
8:04 AM 

2014-03-07 
8:04 AM 

Nodes\\TSIS Evolving\Barriers\Economic 
Barriers\Cost effectiveness & ROI 

Node 
2013-02-14 
9:40 AM 

2013-11-19 
8:14 AM 

Nodes\\TSIS Evolving\Barriers\Environmental 
Barriers 

Node 
2014-03-07 
8:05 AM 

2014-03-07 
8:05 AM 

Nodes\\TSIS Evolving\Barriers\Environmental 
Barriers\Disposal of unsustainable material 

Node 
2013-02-14 
11:55 AM 

2013-02-26 
5:52 AM 

Nodes\\TSIS Evolving\Barriers\Institutional 
Barriers 

Node 
2014-03-07 
8:07 AM 

2014-03-07 
8:07 AM 

Nodes\\TSIS Evolving\Barriers\Institutional 
Barriers\Lack of independent scientific proof of 
evidence 

Node 
2013-02-25 
2:22 PM 

2013-02-26 
5:29 PM 

Nodes\\TSIS Evolving\Barriers\Institutional 
Barriers\Local Authority Planning Legislation 

Node 
2013-02-14 
12:15 PM 

2013-11-21 
11:42 AM 

Nodes\\TSIS Evolving\Barriers\Market Barriers Node 
2014-03-07 
8:05 AM 

2014-03-07 
8:05 AM 

Nodes\\TSIS Evolving\Barriers\Market 
Barriers\Lack of professional contractors and 
limited competence 

Node 
2013-02-14 
9:41 AM 

2013-02-26 
5:47 PM 

Nodes\\TSIS Evolving\Barriers\Market 
Barriers\Renewable Compromise 

Node 
2013-02-14 
9:55 AM 

2013-02-26 
4:22 AM 

Nodes\\TSIS Evolving\Barriers\Market 
Barriers\Technology Push from Sellers 

Node 
2013-02-14 
11:08 PM 

2013-02-26 
5:40 PM 

Nodes\\TSIS Evolving\Barriers\Market 
Barriers\Technology Security and affordability 

Node 
2013-02-14 
10:35 PM 

2013-02-26 
6:04 AM 

Nodes\\TSIS Evolving\Barriers\Social Barriers Node 
2014-03-07 
8:04 AM 

2014-03-07 
8:04 AM 

Nodes\\TSIS Evolving\Barriers\Social 
Barriers\Acceptance by consumer 

Node 
2013-02-14 
10:59 PM 

2013-02-26 
5:50 PM 
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Hierarchical Name 
Item 
Type 

Created On Modified On 

Nodes\\TSIS Evolving\Barriers\Social 
Barriers\Fear or reluctant to New technologies 

Node 
2013-02-17 
7:57 PM 

2013-11-19 
8:22 AM 

Nodes\\TSIS Evolving\Barriers\Social 
Barriers\Lack of familiarity either by client or 
design team 

Node 
2013-02-14 
4:34 PM 

2013-02-26 
5:50 PM 

Nodes\\TSIS Evolving\Barriers\Social 
Barriers\Low Architectural value 

Node 
2013-02-17 
3:03 PM 

2013-11-17 
8:43 PM 

Nodes\\TSIS Evolving\Barriers\Technical 
Barriers 

Node 
2014-03-07 
8:05 AM 

2014-03-07 
8:05 AM 

Nodes\\TSIS Evolving\Barriers\Technical 
Barriers\Design Features 

Node 
2013-02-25 
10:47 AM 

2013-02-26 
5:49 PM 

Nodes\\TSIS Evolving\Barriers\Technical 
Barriers\Immature or inadequate technology 

Node 
2013-02-14 
4:41 PM 

2013-02-26 
5:37 PM 

Nodes\\TSIS Evolving\Barriers\Technical 
Barriers\Insufficient Climate - availability of 
solar radiation or low heating season 

Node 
2013-02-14 
4:41 PM 

2013-02-26 
5:35 PM 

Nodes\\TSIS Evolving\Barriers\Technical 
Barriers\Lack of systematic design process 

Node 
2013-02-18 
10:11 PM 

2013-02-25 
12:21 PM 

Nodes\\TSIS Evolving\Barriers\Technical 
Barriers\Low absorptive lighter colours 

Node 
2013-02-24 
9:43 PM 

2013-02-25 
2:00 PM 

Nodes\\TSIS Evolving\Barriers\Technical 
Barriers\Technical data are not spread 

Node 
2013-02-14 
4:43 PM 

2013-02-26 
6:21 AM 

Nodes\\TSIS Evolving\Barriers\Technical 
Barriers\undesired overheating 

Node 
2013-02-24 
8:51 PM 

2013-02-25 
12:21 PM 

Nodes\\TSIS Evolving\Enablers Node 
2013-02-14 
9:37 AM 

2013-02-14 
9:37 AM 

Nodes\\TSIS Evolving\Enablers\Corporate 
social responsibility 

Node 
2013-02-25 
2:11 PM 

2013-02-26 
5:28 PM 

Nodes\\TSIS Evolving\Enablers\Cost 
Competitiveness 

Node 
2013-02-14 
9:49 AM 

2013-02-25 
1:25 PM 

Nodes\\TSIS Evolving\Enablers\Early 
consideration and design compatibility of 
integration 

Node 
2013-02-15 
6:00 PM 

2013-11-17 
5:20 PM 

Nodes\\TSIS Evolving\Enablers\Expanding the 
variety of transpirational schemes will allow for 
greater design integration to all building types. 

Node 
2013-02-26 
5:32 AM 

2013-02-26 
5:32 AM 

Nodes\\TSIS Evolving\Enablers\Government 
Incentives 

Node 
2013-02-14 
11:18 AM 

2013-02-26 
5:25 AM 
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Hierarchical Name 
Item 
Type 

Created On Modified On 

Nodes\\TSIS Evolving\Enablers\Governmental 
Policy 

Node 
2013-02-14 
10:59 AM 

2013-02-25 
2:55 PM 

Nodes\\TSIS Evolving\Enablers\Health 
requirements i.e. fresh air 

Node 
2013-02-17 
8:49 PM 

2013-02-26 
6:12 AM 

Nodes\\TSIS Evolving\Enablers\Hybrid Design Node 
2013-02-14 
11:22 AM 

2013-02-18 
8:59 PM 

Nodes\\TSIS Evolving\Enablers\LCA & client's 
benefit 

Node 
2013-02-14 
12:18 PM 

2013-02-26 
5:48 PM 

Nodes\\TSIS Evolving\Enablers\Local supplier Node 
2013-02-25 
10:39 AM 

2013-02-26 
5:29 PM 

Nodes\\TSIS Evolving\Enablers\Maintenance 
Ease 

Node 
2013-02-17 
6:14 PM 

2013-02-26 
5:44 PM 

Nodes\\TSIS Evolving\Enablers\Prototype - 
Attractive, Successful and Accessible 

Node 
2013-02-14 
9:43 AM 

2013-11-19 
4:48 PM 

Nodes\\TSIS Evolving\Enablers\Training to 
Workers and End Users 

Node 
2013-02-14 
10:56 AM 

2013-02-26 
5:43 PM 

Nodes\\TSIS functions Node 
2013-02-14 
10:24 PM 

2013-02-20 
10:17 PM 

Nodes\\TSIS functions\F1 Entrepreneurial 
Activities 

Node 
2013-02-14 
10:26 PM 

2014-02-05 
7:29 PM 

Nodes\\TSIS functions\F2 Knowledge Creation Node 
2013-02-14 
10:24 PM 

2014-02-05 
7:29 PM 

Nodes\\TSIS functions\F3 Knowledge Diffusion 
via Networks 

Node 
2013-02-14 
10:25 PM 

2014-02-10 
9:16 PM 

Nodes\\TSIS functions\F4 Guidance of the 
Search - Expectations 

Node 
2013-02-14 
10:26 PM 

2014-02-05 
7:30 PM 

Nodes\\TSIS functions\F5 Market Formation Node 
2013-02-14 
10:25 PM 

2014-02-13 
1:50 AM 

Nodes\\TSIS functions\F6 Resource Allocation 
- Mobilization 

Node 
2013-02-14 
10:26 PM 

2014-02-07 
12:36 AM 

Nodes\\TSIS functions\F7 Legitimise - Lobby Node 
2013-02-14 
10:25 PM 

2014-02-05 
7:30 PM 

        

Reports 
   

Reports\\Node Summary Report Report 
2012-12-02 
12:12 PM 

2012-12-02 
12:12 PM 

Reports\\project item Report 
2014-03-05 
1:59 PM 

2014-03-05 
1:59 PM 

Reports\\Project Summary Report Report 
2012-12-02 
12:12 PM 

2012-12-02 
12:12 PM 
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Hierarchical Name 
Item 
Type 

Created On Modified On 

    

Reports\\Source Classification Summary 
Report 

Report 
2012-12-02 
12:12 PM 

2012-12-02 
12:12 PM 

Reports\\Source Reports Report 
2014-03-05 
12:33 PM 

2014-03-05 
12:33 PM 

Reports\\Source Summary Report Report 
2012-12-02 
12:12 PM 

2012-12-02 
12:12 PM 

Search Folders 
   

Search Folders\\All Nodes 
Search 
Folder 

2012-12-02 
12:12 PM 

2012-12-02 
12:12 PM 

Search Folders\\All Sources 
Search 
Folder 

2012-12-02 
12:12 PM 

2012-12-02 
12:12 PM 

        

Ch5: Reports\\Project Summary Report 
  

End 
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Chapter 6: Sample of analysis summary  

 
 
 

Ch6: Reports \ \Pro ject  Summary Report  (1/15)  

2014-03-13 12:06 PM 

Project Summary 

TIS Analysis Chapter 6 

Hierarchical Name 
Item 
Type 

Created On Modified On 

        

Internals\ \CH6 Reference PDFs     

Internals \ \CH6 Reference PDFs\\25 
Energy Eff ic iency Pol icy 
Recommendat ions - 2011 Update  

PDF 2014-01-22 
9:25 PM 

2014-01-22 
9:25 PM 

Internals \ \CH6 Reference 
PDFs\ \Barr iers to renewable energy 
penetrat ion  

PDF 2014-01-22 
5:10 AM 

2013-09-25 
12:38 PM 

Internals \ \CH6 Reference 
PDFs\ \BARRIERS TO TECHNOLOGY 
DIFFUSION THE CASE OF SOLAR 
THERMAL TECHNOLOGIES 

PDF 2014-01-22 
9:21 PM 

2014-01-22 
9:22 PM 

Internals \ \CH6 Reference 
PDFs\ \Study_on_Barr iers of  PV in 
bui ld ings  

PDF 2014-01-22 
9:11 PM 

2014-01-22 
9:11 PM 

Internals \ \CH6 Reference 
PDFs\ \Vasseur et  a l  2013 - A 
comparat ive analysis o f  Photovolta ic  

PDF 2014-01-22 
5:10 AM 

2013-09-23 
1:39 PM 

Internals \ \CH6 Reference 
PDFs\ \www. iea.org_publ icat ions_f reep
ubl icat ions_publ icat ion_Renew_Pol ic ie
s 

PDF 2014-01-22 
9:11 PM 

2014-01-22 
9:11 PM 

Internals \ \CH6 Reference 
PDFs\ \www. iea.org_publ icat ions_f reep
ubl icat ions_publ icat ion_Solar  

PDF 2014-01-22 
9:11 PM 

2014-01-22 
9:11 PM 

Internals \ \NA\\ Interview America \ \ (4)  
*** 20131015 

Doc.  2014-01-09 
8:10 PM 

2014-01-30 
11:26 PM 

        

Internals\\NA\\Interview Canada    

Internals \ \NA\\ Interview Canada\\(5)  
*** 20131015 

Doc.  2014-01-09 
8:10 PM 

2014-01-28 
11:15 PM 

Internals \ \NA\\PDF    

Internals \ \NA\\PDF\\canada2009 PDF 2014-01-22 
9:25 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\CanadairBombardier_Y96_
SolarWallCaseStudy 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 
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Hierarchical Name 
Item 
Type 

Created On Modified On 

Internals\\NA\\PDF\\CanSIA PDF 2014-01-22 
5:10 AM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\CanSIA's Long-Term 
Energy Plan Submission to Ontario Energy 
Ministry _ CanSIA 

PDF 2014-01-28 
11:47 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\Consumer Incentives _ 
CanSIA 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\Design & Build With Metal_ 
Transpired Solar Collector Walls_ Use Solar, 
Save Green 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\Federal Consumer 
Incentives _ CanSIA 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\FINAL_TRENDS_v1.02 PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\Green Building tips for Net 
Zero Homes 

PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\Green Development 
Program - Town of Caledon 

PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\https___www.midwestrenew.
org_downloads_stcpdfs_AIA_Solar_Space_Heati
ng_Slide_Show 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\IEA - Canada PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\Information for architects & 
engineers about SolarWall; LEED® points, the 
world’s leading solar air heating green 
technology, download SolarWall specifications 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\InSpire - Metal Roofing, 
Walls and Ceilings from ATAS International Inc 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\MatrixAir incentives and 
programs for non-residential solar air heating 
systems 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\ontario-green-energy-report-
august-web 

PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\Provincial Consumer 
Incentives _ CanSIA 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\SESCI _ Solar and 
Sustainable Energy Society of Canada Inc 

PDF 2014-01-22 
5:10 AM 

2014-01-30 
10:54 PM 

  



HASAN JAMIL  ALF ARR A  APPEND IX  G  | |  NV IVO  SUMMARIES (RESU LT S)  

 
 

Page |  500  
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2014-03-13 13:39 

Hierarchical Name 
Item 
Type 

Created On Modified On 

Internals\\NA\\PDF\\Solar Beyond PV – the 
Transpired Air Collector Story — Solar Oregon 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\Solar Energy _ Energy 
Division _ Innovation, Energy and Mines _ 
Province of Manitoba 

PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\Solar Thermal _ CanSIA PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\Solar Thermal _ Natural 
Resources Canada 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\SolarWall 2-Stage - High 
performance solar air heating system, super-
efficient transpired solar collector 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\solarwall around the world1 PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\SolarWall Canadian 
Federal and Provincial Solar Incentives, Grants, 
Rebates, Tax Exemptions 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\SolarWall Technology 
Takes Ontario by Storm 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\SolarWall USA Federal and 
State Solar Incentives 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\solarwall.com_media_imag
es-gov_NightSolar-More 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\The transpired solar 
collectors (dark wall) is seen on the U.S 

PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\TranspiredSolarCollectors PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.albertatechfutures.ca_
LinkClick 

PDF 2014-01-22 
5:10 AM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.asse-
plumbing.org_chapters_NOH_SolarEnergy 

PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.cansia.ca_sites_defau
lt_files_nrcan_canadi 

PDF 2014-01-22 
5:10 AM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.cansia.ca_sites_defau
lt_files_pdf_solar_vi 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.cansia.ca_sites_defau
lt_files_pdf_survey_o 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.cansia.ca_sites_defau
lt_files_survey_of_ac 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 



HASAN JAMIL  ALF ARR A  APPEND IX  G  | |  NV IVO  SUMMARIES (RESU LT S)  

 
 

Page |  501  

Ch6 Reports\\Project Summary Report (4/15) 
   

2014-03-13 13:39 

Hierarchical Name 
Item 
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Created On Modified On 

Internals\\NA\\PDF\\www.cleanairpartnership.org
_practices_Caledon - SPECKFORD 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.cmhc-
schl.gc.ca_en_inpr_bude_himu_coedar_upload_
OAA_En_aug10 

PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.csagateway.com_irj_se
rvlet_prt_portal_prtm 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.davidsuzuki.org_public
ations_downloads_2004_Smart_Generation_su
mmary 

PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.energy.gov.on.ca_docs
_en_making-choices-en 

PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.iea.org_publications_fr
eepublications_publication_Solar_Heating_Cooli
ng_Roadmap_2012_WEB 

PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.manitoba.ca_iem_ener
gy_initiatives_pdf_solarheating 

PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www.trca.on.ca_dotAsset_51
366 

PDF 2014-01-26 
7:49 PM 

2014-01-30 
10:54 PM 

Internals\\NA\\PDF\\www1.eere.energy.gov_fem
p_pdfs_48453 

PDF 2014-01-22 
9:11 PM 

2014-01-30 
10:54 PM 

        
Internals\\UK\\Interviews    

Internals\\UK\\Interviews\\(1) *** 20130529 Docum
ent 

2014-01-09 
8:09 PM 

2014-01-26 
10:40 PM 

Internals\\UK\\Interviews\\(2) *** 20130529 Docum
ent 

2014-01-09 
8:10 PM 

2014-01-27 
1:12 AM 

Internals\\UK\\Interviews\\(3) *** 20130604 Docum
ent 

2014-01-09 
8:10 PM 

2014-01-09 
8:10 PM 

        
Internals\\UK\\PDF    

Internals\\UK\\PDF\\District heating in the UK A 
Technological Innovation 

PDF 2014-01-22 
5:10 AM 

2013-09-25 
12:38 PM 

Internals\\UK\\PDF\\Energy efficient products _ 
Magazine Features _ Building 

PDF 2014-01-26 
7:49 PM 

2014-01-26 
7:49 PM 

Internals\\UK\\PDF\\green deal pdf PDF 2014-01-28 
10:33 PM 

2014-01-28 
10:33 PM 

Internals\\UK\\PDF\\Green Deal_ New £20M 
Communities Scheme Launched 

PDF 2014-01-26 
7:49 PM 

2014-01-26 
7:49 PM 
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Internals\\UK\\PDF\\https___workspace.imperial.
ac.uk_climatechange_public_pdfs_GranthamJun 

PDF 2014-01-26 
7:49 PM 

2014-01-26 
7:49 PM 

Internals\\UK\\PDF\\Incentives for renewables __ 
Save Your Energy 

PDF 2014-01-22 
9:11 PM 

2014-01-22 
9:11 PM 

Internals\\UK\\PDF\\Investment barriers and 
incentives for marine renewable energy in the UK 

PDF 2014-01-22 
5:16 AM 

2014-01-22 
5:16 AM 

Internals\\UK\\PDF\\Learning from experience 
The development of the Renewables Obligation 

PDF 2014-01-22 
5:10 AM 

2013-09-25 
12:38 PM 

Internals\\UK\\PDF\\Parkes 2012 - Can the UK 
meet its renewables targets 

PDF 2014-01-22 
5:16 AM 

2014-01-22 
5:16 AM 

Internals\\UK\\PDF\\Renewable energy policy in 
the UK 1990–2003 

PDF 2014-01-22 
5:10 AM 

2013-09-25 
12:38 PM 

Internals\\UK\\PDF\\Renewable Heat Incentive 
(RHI) - Increasing the use of low-carbon 
technologies - Policies - GOV 

PDF 2014-01-28 
10:17 PM 

2014-01-28 
10:17 PM 

Internals\\UK\\PDF\\The Energy Entrepreneurs 
Fund 

PDF 2014-01-28 
10:42 PM 

2014-01-28 
10:42 PM 

Internals\\UK\\PDF\\Towards improved policy 
processes for promoting innovation in UK 

PDF 2014-01-22 
5:10 AM 

2013-09-25 
12:38 PM 

Internals\\UK\\PDF\\Transpired Solar Collectors - 
Green Deal Products 

PDF 2014-01-22 
9:11 PM 

2014-01-22 
9:11 PM 

Internals\\UK\\PDF\\transpired solar collectors 
are part of the UUK's Green Deal (2) 

PDF 2014-01-26 
7:49 PM 

2014-01-26 
7:49 PM 

Internals\\UK\\PDF\\TranspiredSolarCollectors 
cardiff 

PDF 2014-01-26 
7:49 PM 

2014-01-26 
7:49 PM 

Internals\\UK\\PDF\\UK innovation systems for 
new and renewable energy technologies 

PDF 2014-01-22 
5:10 AM 

2013-09-25 
12:38 PM 

Internals\\UK\\PDF\\What is the Green Deal_ PDF 2014-01-22 
9:11 PM 

2014-01-22 
9:11 PM 

Internals\\UK\\PDF\\What is The Green Deal’s 
Golden Rule_ _ Green Deal Golden Rule 

PDF 2014-01-22 
9:11 PM 

2014-01-22 
9:11 PM 

Internals\\UK\\PDF\\www.cansia.ca_sites_default
_files_sites_default_2010_european_solar_ther
mal_markets 

PDF 2014-01-26 
7:49 PM 

2014-01-26 
7:49 PM 

Internals\\UK\\PDF\\www.cansia.ca_sites_default
_files_sites_default_solar_thermal_markets_in_e
urope_-_trends_and_market_stat 

PDF 2014-01-26 
7:49 PM 

2014-01-26 
7:49 PM 

Internals\\UK\\PDF\\www.cibse.org_content_cibs
esymposium2012_Presentation055 

PDF 2014-01-22 
9:11 PM 

2014-01-22 
9:11 PM 



HASAN JAMIL  ALF ARR A  APPEND IX  G  | |  NV IVO  SUMMARIES (RESU LT S)  

 
 

Page |  503  

Ch6 Reports\\Project Summary Report (6/15) 
   

2014-03-13 13:39 

Hierarchical Name 
Item 
Type 

Created On Modified On 

Internals\\UK\\PDF\\www.lcri.org.uk_sites_default
_files_Energy Generating Building Envelopes - 
Mark Collinson_0 

PDF 2014-01-26 
7:49 PM 

2014-01-26 
7:49 PM 

        
Memos    

Memos\\entrep. lack the proper communication 
of architects and building designers. the entrep, 
simplifies these needs (ya7soroha) in design tool 
simplicity and system performance whereas the 
architects evaluate the integration of TSC in a 
much more complexity 

Memo 2014-01-27 
12:43 AM 

2014-01-27 
12:43 AM 

Memos\\innovation Memo 2014-01-30 
9:46 PM 

2014-03-13 
1:38 PM 

Memos\\understanding architects Memo 2014-01-28 
8:35 PM 

2014-01-28 
8:35 PM 

        
Nodes\\Tree Nodes    

Nodes\\Tree Nodes\\Advice to researcher Node 2012-02-10 
7:24 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis Node 2011-07-22 
10:17 AM 

2014-01-09 
8:03 PM 

Nodes\\Tree Nodes\\Analysis\TIS Components Node 2011-07-13 
5:25 AM 

2014-01-31 
8:58 AM 

Nodes\\Tree Nodes\\Analysis\TIS 
Components\Actors 

Node 2011-07-13 
4:41 PM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TIS 
Components\Institutions 

Node 2011-07-13 
10:15 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TIS 
Components\Institutions\Academic Research 

Node 2011-07-13 
6:36 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TIS 
Components\Networks 

Node 2011-07-13 
4:41 PM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TIS Functions Node 2011-07-13 
5:19 AM 

2014-01-31 
8:58 AM 

Nodes\\Tree Nodes\\Analysis\TIS 
Functions\Entrepr Activs 

Node 2011-07-13 
5:20 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TIS 
Functions\Guide of Search-Expects 

Node 2011-07-13 
5:23 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TIS 
Functions\Knowl Creation 

Node 2011-07-13 
5:22 AM 

2014-03-13 
12:53 PM 
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Nodes\\Tree Nodes\\Analysis\TIS 
Functions\Knowl Diff v Nets 

Node 2011-07-13 
5:22 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TIS 
Functions\Legit-Lobby 

Node 2011-07-13 
9:12 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TIS 
Functions\Mark Form 

Node 2011-07-13 
5:23 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TIS Functions\Res 
Alloc-Mobilize 

Node 2011-07-13 
5:24 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS evolving Node 2012-02-03 
6:33 AM 

2014-01-31 
8:58 AM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers 

Node 2012-02-10 
12:13 PM 

2014-01-26 
8:34 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Economic Barriers 

Node 2014-01-22 
4:05 AM 

2014-01-22 
4:08 AM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Economic Barriers\Access to 
finance 

Node 2014-01-28 
10:26 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Economic Barriers\Cost 
effectiveness & ROI 

Node 2012-04-26 
9:27 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Economic Barriers\High 
investment requirements 

Node 2014-01-22 
4:04 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\environmental Barriers 

Node 2014-01-22 
4:05 AM 

2014-01-22 
4:05 AM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Institutional Barriers 

Node 2014-01-22 
4:06 AM 

2014-01-31 
12:14 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Institutional 
Barriers\Dissemination of Info 

Node 2012-04-27 
10:35 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Institutional Barriers\Lack of 
Codes & Standards 

Node 2011-07-22 
10:19 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Institutional Barriers\Lack of 
independent scientific proof of evidence 

Node 2014-01-22 
3:56 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Institutional Barriers\Local 
Authority Planning Legislation 

Node 2014-01-22 
3:52 AM 

2014-03-13 
12:53 PM 
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Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Institutional Barriers\Low 
Government support 

Node 2012-04-26 
10:08 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Institutional Barriers\Research 
Not Applied Enough 

Node 2012-02-22 
2:47 PM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Institutional Barriers\Uncertainty 
in Policy and Regulations 

Node 2014-01-28 
8:07 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Market Barriers 

Node 2014-01-22 
4:08 AM 

2014-01-22 
4:08 AM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Market Barriers\Cooperation 
Moves to Competition 

Node 2012-04-26 
9:02 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Market Barriers\Gas Infra is 
Cheaper 

Node 2012-04-25 
7:30 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Market Barriers\Highly 
controlled energy sector 

Node 2012-04-26 
10:33 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Market Barriers\IP & Know-how 

Node 2012-02-13 
8:39 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Market Barriers\Lack of 
professional contractors and limited competence 

Node 2014-01-22 
3:55 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Market Barriers\Lock in 

Node 2011-08-10 
9:34 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Market Barriers\Restricted 
access to technology 

Node 2012-04-30 
10:27 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Market Barriers\SMEs Not 
Getting Heard 

Node 2012-04-30 
8:29 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Market Barriers\Technology 
Push from Sellers 

Node 2012-02-22 
9:43 AM 

2014-03-13 
12:53 PM 
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Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Market Barriers\Technology 
Security and affordability 

Node 2014-01-22 
3:54 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Social Barriers 

Node 2014-01-22 
4:05 AM 

2014-01-22 
4:06 AM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Social Barriers\Acceptance by 
consumer 

Node 2012-04-25 
11:36 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Social Barriers\Cultural 
Differences 

Node 2012-02-20 
6:39 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Social Barriers\Expectations 

Node 2012-04-30 
10:22 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Social Barriers\Fear or reluctant 
to New technologies. Individual - Negative 

Node 2014-01-22 
3:52 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Social Barriers\Lack of 
familiarity either by client or design team 

Node 2012-04-30 
9:22 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Social Barriers\Lobby Group 
Failures 

Node 2012-04-27 
10:40 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Social Barriers\People 
Management 

Node 2012-02-20 
5:02 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Technical Berriers 

Node 2014-01-22 
4:04 AM 

2014-01-22 
4:04 AM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Technical Berriers\Disposal of 
unsustainable material 

Node 2014-01-22 
3:56 AM 

2014-01-22 
3:56 AM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Technical Berriers\Low 
Architectural value 

Node 2014-01-22 
3:52 AM 

2014-01-22 
3:52 AM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Technical Berriers\one 
responsible lead contractor 

Node 2014-01-22 
3:57 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Barriers\Technical Berriers\unproven 
technology 

Node 2014-01-22 
3:56 AM 

2014-03-13 
12:53 PM 
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Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers 

Node 2012-02-10 
12:14 PM 

2014-01-26 
8:34 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Economic Enablers 

Node 2014-01-22 
4:28 AM 

2014-01-22 
4:28 AM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Economic Enablers\Cost 
Competitiveness 

Node 2012-04-25 
7:32 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Enterpruneurial Enablers 

Node 2014-01-22 
4:17 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Enterpruneurial 
Enablers\Demand Pull 

Node 2012-02-22 
9:45 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Enterpruneurial 
Enablers\Demonstration, Prototype - Attractive, 
Succesful and Accessable 

Node 2012-01-25 
7:35 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Enterpruneurial 
Enablers\Firms Collaborating 

Node 2012-04-30 
6:24 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Enterpruneurial 
Enablers\Local supplier 

Node 2014-01-22 
3:48 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Enterpruneurial Enablers\New 
dimension of development (expansion) 

Node 2014-01-28 
8:43 PM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Enterpruneurial 
Enablers\Skilled Staff (Entrepreneurship) 

Node 2012-02-03 
5:58 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Environmenta Enablers 
(Health requirements i.e. fresh air) 

Node 2014-01-22 
4:21 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional Enablers 

Node 2014-01-22 
4:18 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional 
Enablers\Expectation Management 

Node 2012-04-30 
6:57 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional 
Enablers\Government Incentives 

Node 2012-04-25 
11:37 AM 

2014-03-13 
12:53 PM 
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Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional 
Enablers\Government Incentives\ecoENERGY 

Node 2014-01-30 
11:34 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional 
Enablers\Government Incentives\Fee-In Tarif 

Node 2014-01-28 
6:14 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional 
Enablers\Government Incentives\Grants and 
Obligations 

Node 2014-01-28 
6:14 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional 
Enablers\Government Incentives\Green Deal 

Node 2014-01-28 
6:14 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional 
Enablers\Government Incentives\Renewable 
Heat Incentives 

Node 2014-01-30 
11:34 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional 
Enablers\Government Incentives\Renewable 
Heat Premium Payment 

Node 2014-01-30 
11:48 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional Enablers\Govt 
Fund & investments 

Node 2014-01-22 
4:23 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional Enablers\Govt 
Plans 

Node 2012-04-25 
6:00 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional Enablers\New 
Codes & Standards 

Node 2014-01-22 
4:18 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional 
Enablers\Research and development 

Node 2014-01-22 
4:24 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Institutional 
Enablers\Technological Learning. Trainning to 
Workers and End Users 

Node 2014-01-22 
3:46 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Social Enablers 

Node 2014-01-22 
4:24 AM 

2014-03-13 
12:53 PM 
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Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Social Enablers\Costumer's 
satisfation 

Node 2014-01-27 
12:47 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Social Enablers\Information 
and awareness campaigns 

Node 2014-01-22 
4:26 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Social Enablers\Moral and 
ethical considerations 

Node 2014-01-22 
4:25 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Technical Enablers 

Node 2014-01-22 
4:19 AM 

2014-01-22 
4:19 AM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Technical Enablers\Hybrid 
Design 

Node 2014-01-22 
3:49 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Technical 
Enablers\Incremental Improvements 

Node 2012-04-30 
7:11 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Technical 
Enablers\Penetration of Renewables 

Node 2012-04-26 
10:02 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Analysis\TSIS 
evolving\Enablers\Technical Enablers\pre-
engineered modules 

Node 2014-01-26 
11:20 PM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Conclusion Remarks Node 2014-01-28 
6:31 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Good Quotes Node 2011-08-16 
7:55 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Infrastructure and Supply 
Chain 

Node 2011-08-10 
9:45 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Intro. to Analysis Node 2014-01-27 
1:20 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Notes 4 discussion Node 2014-01-30 
8:35 PM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Objectives Node 2014-01-28 
8:13 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers Node 2011-08-12 
11:06 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\Boost 
Employment 

Node 2011-08-12 
11:07 AM 

2014-03-13 
12:53 PM 
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Nodes\\Tree Nodes\\Policy Drivers\CO2 
reduction 

Node 2011-08-12 
11:07 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\develope 
regulatory framework 

Node 2014-01-26 
10:03 PM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\Economic 
Regeneration 

Node 2011-08-24 
6:25 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\Education & 
Training for Appropriate Skills 

Node 2012-02-20 
6:43 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\Energy 
Security 

Node 2011-08-12 
11:08 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\Free Market v 
Protectionism 

Node 2012-02-20 
5:51 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\Green 
Clustering 

Node 2012-04-24 
7:29 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\incentives Node 2014-01-26 
10:01 PM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\Link solar to 
Industry 

Node 2011-08-24 
6:23 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\mix of policy 
processes 

Node 2012-01-28 
9:28 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\Policy 
Learning 

Node 2014-01-28 
7:56 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\State Support 
via Contracting 

Node 2012-02-10 
11:56 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Policy Drivers\Sustainability Node 2012-04-24 
6:20 AM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\R&D Node 2011-07-18 
3:58 PM 

2014-03-13 
12:53 PM 

Nodes\\Tree Nodes\\Recommendations Node 2014-01-30 
11:42 PM 

2014-03-13 
12:53 PM 

    Relationships    

Relationships\\Entrepr Activs (+Influ) Guide of 
Search-Expects 

Relatio
nship 

2011-07-28 
4:39 AM 

2014-03-13 
12:53 PM 

Relationships\\Entrepr Activs (+Influ) Legit-Lobby Relatio
nship 

2011-07-28 
5:18 AM 

2014-03-13 
12:53 PM 

Relationships\\Entrepr Activs (-Influ) Guide of 
Search-Expects 

Relatio
nship 

2011-08-15 
4:25 PM 

2014-03-13 
12:53 PM 
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Relationships\\Entrepr Activs (-Influ) 
Legit-Lobby 

Relationship 2011-08-15 
4:26 PM 

2014-03-13 
12:53 PM 

Relationships\\Guide of Search-
Expects (+Influ) Knowl Creation 

Relationship 2011-07-28 
4:40 AM 

2014-03-13 
12:53 PM 

Relationships\\Guide of Search-
Expects (-Influ) Knowl Creation 

Relationship 2011-08-15 
4:27 PM 

2014-03-13 
12:53 PM 

Relationships\\Knowl Creation (+Influ) 
Entrepr Activs 

Relationship 2011-08-02 
10:35 AM 

2014-03-13 
12:53 PM 

Relationships\\Knowl Creation (+Influ) 
Knowl Diff v Nets 
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Ch6: Reports\\Project Summary Report (15/15) 
  

2014-03-13 12:06 

Hierarchical Name 
Item 
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Reports 

   
Reports\\Coding Summary By Node Report Report 

  
Reports\\Coding Summary By Source 
Report 

Report 
  

Reports\\Node Classification Summary 
Report 

Report 
  

Reports\\Node Structure Report Report 
  

Reports\\Node Summary Report Report 
  

Reports\\Project Summary Report Report 
  

Reports\\Source Classification Summary 
Report 

Report 
  

Reports\\Source Summary Report Report 
  

    

    

    
Ch6 Reports\\Project Summary Report 

   

   
End 
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