Air-conditioning inspections:
time needed and potential energy savings

Intelligent Energy | : : | Europe

This paper presentsthe findings and ohservations
to date from the IEE HARMONACZH project
regarding thetime taken by the various it erns of
the HARMOMAC draft EPED Article 3 4/C Systerns
Inspedion Methodology, and any potential

energy savings identified to date. The HARMONAC
methodelogy generally followves the CEM standard
guidance® in this area.

The timings and energy savings presented are
taken rnainly from the UK Case Studies and Field
Trials experien ces, and are intended to be a first
indication of the likely size and magnitude of the
tirme energy savings ratiosto be found for each
part of an Inspection.

This information is particularly impertant
in assessing the on-going costs of system
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Figure 1. A large air handling unit for air-conditioning.
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inspections for EU Member State countries, rmany
of whorm are anxiousto maximize the cost:benefit
ratio of such inspections.

The Inspedion of &/ C systems in buildings as
recuired by Article @ of the EPBD is designec

to identify opportunities for the reduction of

the energy consumption of &/ C systems, and as
such the Inspection Methodology used is critical
to ensuring that these savings are identified. A
secondary but equally important element of these
Inspections is to ensure that they can be achieved
in a cost-effective manner.

HARMOMNAC is assessing its owen Inspection
Methodelogy (based on CEN Standard EM152400
and CIBSE's Th 449 in paoint -by-point Field Trials
on real systems to assess which actions actually
lead to practical energy savings in the real world.
These Field Trials also assess the time needed to
undert ake each Inspection point, as this will be a
major consideration for a number of Member



States in setting the on-going requirements for

Inspection in their Country.

This article presents a summary of the initial main
points arising to date from the HARMOMAC Case

Studies ane Field Trials with resped to energy
savings and timings.
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The HARMON AC |nspection Methodology is
essentially divided into 3 sections -the colledion

of dat a on the building, the colledion of dat a
oh centralised A4/C systerns, andthe collection

of data on padiaged &/C systemns. Due to space

litit ation s in this paper these 3 areas are

Auwerage times taken to undertake the building data colledion inspedion items. Ordered from longest to shartest.
Buildin g dete for mll systems - longest toshortest
times - note=
Annual energy Sub-m s=ing o magy corsumead by the AC ygteam and all its
P12 consumption of the &1.0 arxillari=s alloars benchm arks to be used as part of the
system assessment.
Current deign loads Getting the installed cooling capacity correct can lead to savings
PILL per zone =64 A1 B of at lmast thes=am ounts, Duer 200 s=am s achi=iabl=,
Annual energy Dverall energy use=by thebuilding rdaties to the &°C sy stem
P22 consumption of the 455 allownz a furthe chack an whethar
building thed/C arstem use is sccamiva
Az Documentation per 44.0 .
zone
PI15 Refrigaration equip- 430 .
ment for each zone
P14 General zone data/zone 358 -
P11 Location and number of a0 )
AL ron=
PI5 Construction d=tails 175 .
zone
Al B Cooliqg .tcrminﬂl units 16.3 }
details in each zone
Images of
R3 zones/building 251 )
FH & BHU for machzon= 214 -
Hl"m'.c a’:tm Knowledge of sdpoints is im portart in knowingwhahe
description and X .
A9 . X 12.8 savings can be made from more accurate control to internal
operating setpoints e
activities.
per zone
Power/energy informa Internal gains are important in assessing amount of cooling
P12 tion egryzone 125 - capacity needed and type of cooling system that is
P sita ble for thetasc
A3 Monthly schedule 12.2 Upte 1% esch Depending on control of each zone and exception days.
exceptions per zone month
Cooling only when nesded can provide sevings of up to 5090,
A7 Oceupancy schedules 11.3 Upto SiHh M ary systems in UK mn allyea; despite no demands for large
per zone ’
periodstsl
Original design . .
PI10 e 10.0 - Allows comparison with PI11
conditions per zone
Pl = Source of heating 100 . M a=ded to dheckthat cormflicts babwrmen hesting
- supplying each zone ’ and cooling are not occurring.
H eating gorage and . . . .
PI14 control for each zone T.E Cartral should b= checked agairst heasting and coaling supphy.
AG Building mass/air 5.t Redudng the imfiltration rete can provide
tightness per zone - heating and cooling savings.
Pl 3 Coaling I?'I:trlbLthl'l fluid 5.7 }
details per zone
Energy supply to the To check the snergy consum=d by the building
P20 . 41 - X
building is fully accounted for.
Pl Energy:;:zg% to the 14 - To asure that g use of AT gydem is properly accounted for.
Total m’.uugc‘time 553
(minutes)
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presented only in descending order of the time
taken to complete the inspection itemns in eadh.

The tables presented are aarrently based on over
20Field Trials and 10 Case Studies undert aken in
the UK. The floor areas served by the 4/C systerns
assessed todate range between 47m? and
18153,

It is anticipated that generally similar timings
will be found across the HARM OMAC Partners
studies in Austria, Belgium, France, Greece, It aly,
Portugal and Slovenia.

The potential percent age savings noted in the
tables are drawn from past and present research
work undert aken by the HARMONAC Partners
and athers, as well as from these Case Studies
and Field Trials.

This sedion lists the average time taken te
complete the general building data sections for
all the system types assessed to date in both Field
Trials and Case Studies. is ordered from
the longest tothe shortest times. The greyed out
boxes indicate where savings are expected to

be identified but no data is yet available. A full
description of all the items in the table will be
published by HARMOMAC at alater date onee the
final methodology has been approved.

Packaged AL Systems — Longest to

showrs the average time taken in Fielc
Trials and Case Studies to date to complete the
warious secions of the Packaged AC systems
inspedions. The times are displ ayec

Aweragetimestaken toundert dee the Padcaged &/C ystem inspedion items. Ordered from longest to shortest.
Euilding datm for mll systems - longestto
shortest imes - notes
Pic Write report 63
Overall energy use by the building relative
5 Compararacords of use or sub-m sterad a0 tothedC gy sbem alloarsa further chad:
energy with expectations onwhsther the &fC system commumption is
excessive.
Damage or bloding of edanal heat
P10 Check =t srnal hest scchangers 26 exchangers can lead to a decrease in
fidenoy of bekar = Mo and ™o
Getting the installed cooling capacity correct
- . can lead to savings of at least these amounts.
PFZ Design cooling load for each system 24 d%-1 Fa Dvar 209 seams raszonabletaking
distribution systems into account!l,
SAlowrs chacking of tim = and tem paratur=
PPRa Description of the occupation of the cooled 15 s=tpairmtsare correct, as wedl as allowdng
spaces th=us= of benchmarks when they becom =
available.
Getting the installed cooling capacity correct
. - . can lead to savings of at least these amounts.
P5 Com pare sz =with im posed cooling loads 11 q4% -1 Chver 20FH savems reazenabl=taking
distribution systems into account!®.
1 Rerimv awailable dowm emtation from pre 10
inspection
. . Fefrigerant leaka g= can reducethe enargy
P2 Check far signs of refriger armt l=aka g= 10 efficiency o an A gstam.
Pa Checkplant is capable of prowiding cocling 10
. Can provide cortainty that ystemsare
PPG Riecards of m sintenance (control gyems and 7 ek m airtained to go with vizial chedes This
Sensors) ; . X
could reduce time and cost of an inspection.
Onlythe 10 mog tim = consum ing of 23
inspection items are shown
Total averagetim = im inute=g 23
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from the longest to the shortest against each it does not exist is dedicated energy metering to
Methodology item. The greyed out boxes indicate  the &/C systerm and its ancill aries.

where savings are expected to be identified but

no data is yet available. Only the first 10 items of  In general, it is anticipatedthat the amount of

28 are shown due to space limitations. portable equipment needed for an inspection
will be minimal and restricted to non-invasive
Centralised AXC Systems — Shortest to equipment to reduce both the cost and potential

liability of inspections.

lists the average time taken to undertake
an inspection on centralised systems, rank
ordered from longest to shortest. The data in
this section are less robust than for Package
systems due to the much greater diversity of
design of Centralised Systems. The greyed out
boxes indicate where savings are expected to be
identified but no data is yet available.
Again due to space limitations only the first 10
reost time oonsuming itemns of 59 are shoven,

Far many &C systerms much of the diagnostic

equipment needed to assess their performance is .L .
already installed or could be readily installed. Figure 2. Label on manometer provides physical indicator

. . . . of when to replace air filter due to increased pressured drop.
Perhaps the most important item to be installed if P P P

. Aweragetimestaeen toundertakethe Centralized A'C ¥ stem inzpecion items. Orderad from lon gest to shortest.
Euilding dmtm for all systemns - long=st
to shortest imes - note=
. Allows estimation of the power use of the
c2 Lecatesupply t\"'/:"l';’:"fr(g’h’“ and inzall 161.7 - wtem ooer m enitoring paiod. Can hep
99 atimatza chilla or ystem COR
€1 Locate relevant plant and compare details Fi5
Getting the installed cooling capacity
An estimate of the design cooling load for correct can lead to savings of at least these
P12 each system av.7 41 P amoutts Cwer 20%h seam s reasonable
taking digtribution system simto account
RC1 Details of installed refrigeration plant 475
PC2 Deeription of :y:l:elm mnt{rol zons with dq5.3 Corract Lee of z oning can achiese saings
schematic drawings.
A dirty indoor unit would tend to indicate
ci Wisually chedt the cordition and operation of 3 a poorly maintained system. Checkalso
- indoor units : - room layouts have not altered since indoor
unit installed.
- . En=rgy M ET can idertify =ark probl=ms
Monitoring to continually observe _ . .
PC15 parformance of A gystems 30.8 1 Ba-2 with & *'.Stﬂﬂﬁ ard hdpina longtam
maintenance programme.
Variable Speed Drives on fans and pumps
Chack typa rating and oparation of 5 can pravide savings of 20— S0%q fairk
o distribution fans and pumps 0.8 up to 50% readily depending on system design and
loading.
£ Assess the controllab|]|ty ofgsample number 157
of terminal units
Pce Flaor pla ns. grl:l_ schematics of air 155 -
conditioning systems.
Onky the 10 maost tim & consuming of 28
inspection items are shown
Total average=timea (minut=] 10178
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S showes graphs of the time t aken to

gat her building data, and under ake centralised
and packaged inspections frem the work
undertaken to date. The time is normalised to the
floor areas served by each of the &/C systems.
From § we can produce an initial
prediction of the time taken to insped Padiagec
and Centralised A&/C systerns based enthe floor
area conditioned. These predictions are shown
in There are blanks in the table where
ho surveys of that size have been undert aken for
those system types.

The data shows that the colledion of data about
the building and its occupancy is generally as
time-consuming as the Inspection of the physical
AT systern it self.

It cah ke seen from the HARMOMNAC datatodate
that a complete Inspedion can take frem around
4 hours for the smallest systems up to 4.5 days
for the largest systems inspected to date.

There is clearly a possikility of some significant
time savings being made in subsequent
inspections, provided the building and systern
details do not alter in the interim.

Twro of the keys to this happening are:

¥ Ensuring that the Inspection data for each
inspection provides clear information about
HDFK LOVSHFARQIWP 2 SRWEO® D WBQGDWG
report template needs to be provided?
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Figure 3. Compressors, Variable Speed Drives, etc. should have
on-board diagnostics monitoring their running hours and other
performance variables.

Figure 4. Dedicated energy metering of the A/C plant helps
identify exact annual usage and allows more accurate assessment
of its overall performance.

¥ Ensuring that the previous Inspection reports are
readily available online.

Potentially, having the previous Inspedion data
available in a format that can be assimilated into
subsequent reports could lead to time savings of
orver B0% for the Building Data The petential time
savings for subsequent physical systems inspections
are likely to be less at perhaps only 10-20%, but
these are nonetheless worth having.

Most common and largest savings to date

The most commen and largest potential savings
identified to date are shown in These
savings represent the maximum savings that have
been found for each inspection item, either from
research work or fromthe Field Trials and Case

Fac«aged System Inspactian [s/m?)

Fukap -

o Corimsimd | sam Inspection (s/m ')
Inspection (s/m") T e o

T Inspection (s/m ))

yoEIMx.
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Figure 5. Correlation between conditioned floor area and inspection time needed
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Prediced time in hours taken to complete inspedions by floor aree

be demonstrated by comparison

conditioned. of poorly maintained systems with
regularly maintained systems.
40 24 2.c 5.1
an a4 21 s At this stage of the projed, the
20 s P on savings and timings being shown
o0 - iy o are heavily biased by the UK
experience as few Field Trials are
10 2 i i being undertaken in the other
2o * Sl i Partner sites yet. The data shown
2= 3 £ 3 is therefore still to be confirmed
500 42 4.2 B3 in more extensive testing of the
G 44 44 28 Methodelogies, particul arly the
50 4 51000 ;‘e‘;v“v';: updated Methodologies.
these areas
5,000 B 56 13.2 It was also noted from these first
000 2.0 67 14. inspections that there were no
7,000 8.3 7.8 16.1 specific inspection items dealing
5,000 .. 5o 17.2 with humidity control in systems
5,000 g 100 18.c where this was part of the system
1000 a2 111 a0z design. This observation will be
addressed in future HARMOMNAC
20000 11.0 22.2 3.2 meetings.

Studies. They are enly indicative at the morment
until the HARMOMNAC projed has completed
sufficient studies to either support or question
some of the savings shown. It should also be
noted that each item is considered in isolation
and that the savings are not additive. It is
hoped that commonly occurring combinations
of measures might have their cumulative effect
identified as well.

From it can be seen that potentially a
large amount of this data could be collected
without ever visiting the site (those elements
highlighted in yellow). It can also be seen that
the majority of the large savings identified

so far are primarily to do with control of the
systemn, choice of systerm type and choice of
system components. It is also anticipated that
further significant savings will be associated
with a regular maintenance regime. These will

Cwverall, at this peint in the project it

appears that we can condude:
b Some substantial savings can be identified by

inspection procedures.

b Most of the major savings found so far

appear possible to identify

Most of the major savings appear possible to
obtain

b There are technical savings that we wrill

identify as the project proceeds, but the law

of diminishing returns appearsto apply here,
i.e. the majority of the main savings can be
identified guite guickly, but to identify all the
potential savings will be costly in terms of time.

So what this means in terms of the Inspection

methodeologies beingtrialled to date is:

Pre-inspection (the building related data)
might eventually be the most productive
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Most common and largest savings identified to date

Description of method of control of temperature Up o 5%
(system type)
Method of control of periods of operation (time
clocks, =) Hpte S5
Com par=AC umgewﬂl::e-cpacted haurs ar anargy Up to S0%
Occupancy schedules per zone Up to S5
Checktypa rating and aparation of didribution Up to S0%
fans and pumps
Mot =the s=t on and off periods Up to S0
Monitoring to continually observe performance of 1 92 A
B gystem s
Design cooling load for each system dta—1 Fha
Compare sg=with imposed cooling [oads dH-1 T
Monthly schedule exceptions per zone Upt;?:fhﬂd
Building mass/air tightness per zone
Hua L grstem desaiption and operating s=tpoints
per zone
Annual energy consumption of the system
Annual energy consumption of the building

area of the Inspection in terms of identifying
problems with the &/C system performance,
but at this stage of implementation of the
EPBD this data is also the most difficult to
ahbtain, with many buildings simply not having
information on their construction details,
energy use of the &/C system, ete.

b The physical inspection is yielding clear Energy
Conservation Opportunities (ECOs) forthe &/C
systerns being inspected, but carries with it a
significant cost in terms of time.

In the light of this report it is considered that

the main outputs at the end of the HARMONAC

projed are still likely to be

b A set of Inspection Procedures for
AfC systerns in Buildings are being assermbled.
These will be reguired whatever approach
istaken tothe &/ C Inspections, as they will
be needed wherever excessive consumption
appears to be present.

b The % identifiable from

in the Inspection and Audit Procedure.

b The required toundert ake of
the Inspection and Audit Procedures.

The tabulat ed energy savings and time taken in
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the final report will be backed by evidence anc
references.

Further details can be found at the website of the
HARMOMNAC project ww. harrmon ac.info.

More general information on the implementation
of Article 3 af the EFED can be found at
www.buildingsplatform.eu.

The authors wish to acknowledge the input of
the HARMOMALC partniersin the data which has
been used in this paper. HARMOMNAC is funded by
the European Cormrmission through the Intelligent
Energy Europe programme.

The sole respansibility for the content of

this paper lies with the authors. It does not
necessarily reflect the opinion of the European
Communities. The European Commission is net
responsible for any use that may be made of the
information contained therein.
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virvirvr cibase. or gfindex. ofm?go=publications.
viewBitem=372
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