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A B S T R A C T

The paper proposes a comprehensive sustainability framework for urban development projects in hot, dry
developing regions. Such a framework is required due to the lack of knowledge in these regions of issues including
population-inflation, traffic congestion, environmental pollution, water shortages and high energy consumption.
Iraq is one such developing country having a hot, dry, semi-arid climate with unique socio-cultural factors which
have been impacted by four decades of war. New development projects are underway but scant attention has been
paid to sustainability, specifically in cities e.g. Baghdad. This framework has been developed using expert con-
sultations to reach a consensus on its dimensions, three in total: the use of satellite cities around existing cities for
various purposes (residential, industrial, commercial and administrative) with the creation of a green belt, the
determination of criteria for future domestic energy projects, e.g. the minimum energy requirements for an
average Iraqi family and on-site renewable sources such as solar energy, and the application of a set of urban
sustainable development factors to improve the quality of services and human well-being. This study presents, for
the first time, a comprehensive sustainability framework for a country that has suffered several decades of wars
and international sanctions. This framework was subsequently validated using semi structured interviews with 15
local intra-organizational leaders. The key findings of this paper based on this validation show that 12 out of 15
intra-organizational leaders highly recommended the adoption of the developed framework, highlighting their
level of understanding, accepting, feasibility and challenging, and their future scope to develop this framework in
order to enhance the quality of life at the city scale. Moreover, the leaders of the Mayoralty of Baghdad
emphasised to adopt the developed framework in order to mitigate the current and future challenges of the capital
Baghdad, including housing deficit, traffic problems, economical issues, and environmental pollution. The key
contributions of this study is its investigation of locality-specific issues in war-torn countries such as Iraq, spe-
cifically this includes; (a) analyzing locality-specific problems based on engagement with stakeholders, and the
general public, (b) proposing a framework to solve multiple problems, including lack of environmental strategies,
traffic congestion, housing deficit, rapid urbanization and population growth and, (c) validation of the framework
through engagement with intra-organsational leadership in different ministries and organizations like, ministry of
housing and construction, Mayoralty of Baghdad, ministry of water resources, UN-HABITIAT program in Iraq,
ministry of electricity, National consultation engineering committee, and etc.
1. Introduction

There is broad consensus that cities are responsible for a major rise in
environmental pollution, including CO2 emissions. The built environ-
ment increases undesirable impacts on the environment through, for
example, conventional power production, road traffic and rapid popu-
lation growth (Fawzi and Ameen, 2017; Mohsin et al., 2018). While cities
are considered the major engines of economic success, globally, more
than 70% of greenhouse gas emissions are generated by cities due to high
Mohsin).
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energy consumption, modes of transport and a lack of effective man-
agement (Fawzi et al., 2016).

In developing cities in particular, there is the need to combat climate
change, rapid urbanization, population growth, the lack of environ-
mental strategies, and high energy and transport demands (Ameen and
Mourshed 2017). The domestic sector in most developing countries is
considered the largest consumer of electric energy: Saudi Arabia reports
that over 50% of their electricity is used by the domestic sector. In Iraq,
this figure is higher: 82% of electric energy is consumed by domestic
homes. This reliance on electricity is an issue as there are frequent power
outages across the country.
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Given this situation, new, comprehensive, sustainable frameworks
need to include multiple practical solutions, applicable for the present
and the future, for cities with high-density populations, high energy
consumption, water shortages and traffic problems.

Iraq is an unstable country which has suffered from rapid urbaniza-
tion and population growth due to the rapid transition of populations
from rural areas to urban regions. In 1947, approximately 70% of the
population lived in rural areas, the remaining 30% settled urban regions
including the capital Baghdad (Mohsin et al., 2017). Currently and by
contrast, more than 70% of the population now live in urban areas. A
quarter of the Iraqi population currently live in Baghdad city, predictions
showing that the population in the city will double by 2030 to approxi-
mately 12 million inhabitants. This will have a substantial impact on the
housing sector, transportation and the capacity of an already
over-stretched and under-performing infrastructure. This situation is
exacerbated by the impact of war which has caused substantial damage
to the infrastructure, public services, utilities and general quality of life.

Thanks to both national and international efforts to rebuild cities,
many construction projects are currently underway but these projects
lack attention to factors which will avoid further pressures on the existing
city as mentioned above. To mitigate this, it is recommended that urban
development must advance in line with the concept of urban sustainable
development.

This paper describes the research conducted to develop a new sus-
tainable framework incorporating various innovative ideas: (a) the
concept of satellite cities around the capital to mitigate pressure on the
city, and to meet the future requirements of a predicted growth in the
population, (b) minimum design requirements to facilitate a transfer
towards low energy domestic homes, and (c) development of a set of
urban sustainable development indicators to improve the quality of life
and well-being.

This framework has including consideration of innovative strategies
e.g. the establishment of satellite cities and a green belt around the city
and a semi-standardised domestic features design, in addition to a set of
urban sustainability indicators to address locality-specific problems.

More specifically, this research proposes a sustainable framework for
the city of Baghdad, Iraq. This framework covers a variety of factors
including planning and landscaping, housing requirements and on-site
renewable energy such as solar PV solutions thereby addressing urban
sustainability indicators including environment, water and energy, socio-
cultural factors, innovation, economy and management. This framework
will therefore include reference to a future vision for Baghdad, will offer
practical findings for domestic sectors to facilitate the move towards low
energy projects and launch a sustainable plan for development projects
under the concept of urban sustainability. Furthermore, the methodology
used to develop the framework will also be appropriate to other coun-
tries, in particular cities with high densities in Arab Gulf regions and
Middle East countries in general.

This new framework has been validated through semi-structured in-
terviews with experts from various organizations. The interviews were
designed to allow a critical discussion of the content of the framework,
identification of any missing factors/details and an evaluation of its
applicability in Iraq.

In the reminder of this paper, section two will discuss related work
to illustrate some the past research conducted on sustainability
frameworks. In the third section, the research methodology will be
described. Section four, will detail the development of the sustainable
framework by explaining the analysis and results of the main di-
mensions of the framework. The fifth section will present, the three
main dimensions within the framework, the final section will conclude
the paper.

2. Related work

Urban sustainability frameworks have emerged in recent years as a
means to tackle locality-specific problems including rapid urbanization,
2

environmental pollution, housing deficits, traffic congestion, high energy
consumption and population growth.

The term ‘urban sustainability framework’ can be defined as a multi-
faceted approach to address potential improvements in the infrastructure
of a city. Its underlying principal is to reduce the use of resources thereby
reducing further pressure on the environment's ability to meet current
and future requirements of the area under study (Holden, 2012).

Sustainability frameworks are an integrated concept which combine a
number of urban sustainability indicators, including environmental, so-
cial and economic dimensions. These factors and new strategies are
combined as part of a new framework to develop applications by cities to
meet present and future challenges in developing countries such as
housing deficits, rapid urbanization and high energy and transport
demands.

Working at two levels, sustainability frameworks comprise a set of
urban sustainability factors which are designed to mitigate locality-
specific issues. Addressing these issues can involve the adoption of
multiple strategies which in turn feed into the process of the further
development of urban sustainable development guidelines (Huang et al.,
1998; Wu 2014).

Urban sustainability frameworks are characterised by the develop-
ment of mutual relationships between local and global challenges such as
rapid urbanization, high energy consumption and environmental prob-
lems. A number of studies have listed urban sustainability assessment
tools and compared them (Rebitzer et al., 2004; Xing et al., 2009),
highlighting the content, structure and output of urban sustainability
development tools. Key findings suggest that no framework or tool can
cover the wide range of urban design aspects required to meet both the
development of new city applications, such as city districts and domestic
sectors, or further improve existing ones. Many researchers have tested
several practices (Alyami et al., 2015; Fawzi et al., 2016; Aldossary et al.,
2015) and suggested new assessment tools which include comparative
items such as environmental, social and economic aspects of urban sus-
tainability development to understand the goals of addressing a specific
region and its locality-specific issues. In contrast, authors such as (Willis
2006; Alyami et al., 2015) suggest that urban sustainability assessment
tools are not fit for all regions because of diverse locality-specific factors
including community features, weather conditions, levels of social
awareness and standards of living.

A comprehensive understanding of climatic conditions, local prior-
ities and social issues are also required before sustainable development
frameworks can be initiated. Many studies in the past, have claimed that
local frameworks/assessment tools for specific regions are inappropriate
for other areas because of their different needs (Ameen and Mourshed
2017; Aldossary et al., 2017).

This study has reviewed several urban sustainability frameworks
designed for different regions, in order to identify their similarities and
differences. Aldossary et al. (2015) designed a low carbon domestic
framework for sustainable homes in Saudi Arabia. The framework
included attention to the architectural design of housing both external
and internal, on-site renewable energy and socio-cultural factors. It
identified techniques and strategies which deal with design concepts
involving building components and HVAC in hot, dry regions. This study
recommended the use of on-site renewable energy e.g. PV solar in order
to create low carbon homes. The appropriateness of changes to design
were examined via simulated multiple domestic buildings (three houses
and three flats) in various locations in the capital, Riyadh and selected
IES-VE tools to simulate each building. Design weaknesses in existing
domestic building were examined, this allowing the proposal of alter-
native solutions.

Other studies have reported on the design of urban sustainability
assessment tools for use across the Middle-East (Alyami et al., 2015;
Willis 2006; Mohammed Ameen et al., 2014). These comprise three
major dimensions and a number of indicators and sub-indicators
covering environmental, social and economic factors. These studies
have investigated stakeholders' perceptions through nationwide



Ta
bl
e
1.

U
ni
qu

en
es
s
of

th
e
st
ud

y
in

co
m
pa

ri
so
n
w
it
h
tw

o
ot
he

r
fr
am

ew
or
ks
.

C
at
eg

or
y

D
im

en
si
on

s
co
ve

re
d

Si
m
ila

ri
ti
es

D
if
fe
re
nc

es

A
su
st
ai
na

bi
lit
y
fr
am

ew
or
k
fo
r
ho

t
dr
y
re
gi
on

s:
Ba

gh
da

d
ca
se

st
ud

y
(c
ur
re
nt

st
ud

y)
(a
)
Pl
an

ni
ng

an
d
la
nd

us
e
(f
ut
ur
e
vi
si
on

);
(b
)
D
om

es
ti
c
fu
tu
re

re
qu

ir
em

en
ts

(s
em

i-s
ta
nd

ar
di
ze
d)
;a

nd
(c
)
U
rb
an

su
st
ai
na

bi
lit
y
in
di
ca
to
rs

to
en

ha
nc

e
cu

rr
en

t
an

d
fu
tu
re

re
qu

ir
em

en
ts
.

(1
)
Id
en

ti
fy

do
m
es
ti
c

fe
at
ur
es

of
lo
w

en
er
gy

ho
us
in
g
pr
oj
ec
ts
.

(2
)
El
ic
it
a
se
t
of

ur
ba

n
su
st
ai
na

bi
lit
y
in
di
ca
to
rs
.

(3
)
M
in
im

is
e
en

er
gy

co
ns
um

pt
io
n

in
th
e
do

m
es
ti
c
se
ct
or

an
d
re
du

ce
C
O
2
em

is
si
on

s.

(1
)
Sa

te
lli
te

ci
ti
es

ar
ou

nd
th
e
ca
pi
ta
la

nd
gr
ee
n
be

lt
ar
ea
s.

(2
)
Th

re
e
m
ai
n
st
ra
te
gi
es

to
cr
ea
te

a
co
m
pr
eh

en
si
ve

fr
am

ew
or
k

(3
)
Sp

ec
ifi
c
co
nc

ep
ts

fo
r
th
e
de

si
gn

of
ho

m
es

in
Ir
aq

.
(4
)
D
es
ig
n
st
ra
te
gi
es

ap
pl
ic
ab

le
to

ot
he

r
ho

t
cl
im

at
ic

re
gi
on

s
(5
)
D
om

es
ti
c
st
ra
te
gi
es

fo
cu

s
on

lo
ca
ls
oc
io
-c
ul
tu
ra
l

as
pe

ct
s
gu

id
ed

by
ex
pe

rt
co
ns
ul
ta
ti
on

(6
)
M
ea
n
ra
nk

fo
r
ea
ch

in
di
ca
to
r
an

d
st
ra
te
gy

ra
te
s
th
ei
r
le
ve

lo
f
im

po
rt
an

ce
St
ra
te
gi
es

an
d
in
di
ca
to
rs

ag
re
ed

by
an

ex
pe

rt
pa

ne
l

Th
e
de

ve
lo
pm

en
t
of

an
ur
ba

n
su
st
ai
na

bi
lit
y
as
se
ss
m
en

t
fr
am

ew
or
k

fo
r
Ir
aq

ic
it
ie
s

(A
m
ee
n
an

d
M
ou

rs
he

d
20

17
;A

ly
am

ie
t
al
.,
20

15
)

Es
ta
bl
is
h
as
se
ss
m
en

t
to
ol
s
fo
r
Ir
aq

iu
rb
an

pr
oj
ec
ts

w
hi
ch

in
cl
ud

e3
m
ai
n
di
m
en

si
on

s,
in
di
ca
to
rs

an
d
su
b-
in
di
ca
to
rs

un
de

r
th
e
m
ai
n

ca
te
go

ri
es
:(
1)

En
vi
ro
nm

en
ta
l:7

m
ai
n
in
di
ca
to
rs

(2
)
So

ci
al
:9

m
ai
n
in
di
ca
to
rs

(3
)
Ec

on
om

ic
:2

m
ai
n
in
di
ca
to
rs

(1
)
O
ff
er
s
a
nu

m
be

r
of

ur
ba

n
su
st
ai
na

bl
e
in
di
ca
to
rs

(2
)
R
at
ed

th
es
e
fa
ct
or
s
to

de
liv

er
ur
ba

n
de

ve
lo
pm

en
t
pr
oj
ec
ts

in
Ir
aq

.
(3
)
A
ch

ie
ve

s
a
m
ul
ti
-s
ta
ge

d
pr
oc
es
s
fo
r

es
ta
bl
is
hi
ng

a
lo
ca
la

ss
es
sm

en
t
to
ol

in
Ir
aq

Lo
w

ca
rb
on

do
m
es
ti
c
de

si
gn

fr
am

ew
or
k
fo
r

su
st
ai
na

bl
e
ho

m
es

in
Sa

ud
iA

ra
bi
a
(A

ld
os
sa
ry

20
15

)
(a
)
Pr
op

er
ti
es

of
lo
w

en
er
gy

ho
us
in
g
de

si
gn

;
(b
)
O
ns
it
e
re
ne

w
ab

le
en

er
gy

;
(b
)
In
ve

st
ig
at
ed

so
ci
o-
cu

lt
ur
al

fa
ct
or
s.

(1
)
O
ff
er
s
sp
ec
ifi
c
de

si
gn

co
nc

ep
ts

an
d
st
ra
te
gi
es

to
fi
t

fo
ur

di
m
en

si
on

s
(2
)
Id
en

ti
fy

th
e
be

st
te
ch

ni
qu

es
re
la
te
d
to

th
e
de

si
gn

co
nc

ep
ts

(3
)
Pr
om

ot
es

th
e
us
e
of

on
-s
it
e
re
ne

w
ab

le
en

er
gy

,e
.g
.P

V
so
la
r.

M.M. Mohsin et al. Heliyon 6 (2020) e05348
questionnaires to identify public priorities but have not addressed stra-
tegies for a specific city.

Guo et al. (2011) and Johansson (2006) report that in hot, dry and
arid regions, over 70% of energy consumption by the domestic sector is
used to maintain cool temperatures indoors. A number of studies have
discussed how to minimise this energy consumption by advocating the
use of alternatives such as passive solar energy (Zhang and Qi, 2005) and
mechanical cooling. There are several parameters which impact energy
consumption, and which can improve levels of thermal comfort including
building shape, micro-climate on site, the use of alternative construction
materials, the use of passive solar design and the structure of houses and
landscaping. Research has focused on analysing design and urban
development requirements using Analytic Hierarchy Process (AHP),
some studies indicating that an energy reduction of up to 82% can be
attained through the use of the principle of passive architectural design
(Sadineni et al., 2011). Such reductions can pave the way for near
Zero-Energy buildings in the Middle-East.

In light of the above, this study advocate changes in the features of
domestic buildings as this has significant value regarding the move to-
wards sustainability. This study also proposes to elicit a set of urban
sustainable development factors covering environmental, social, eco-
nomic, and cultural and innovation aspects. This framework will include
several strategies which have not been used in previous studies including
future planning and land use for cities suffering from population inflation
and housing deficits.

This study differs from these studies in terms of establishing a
framework by involving (a) specific future planning concepts, (b) specific
features related to housing, and (c) a set of urban sustainability indicators
including environment, water and energy, socio-cultural factors and
management.

The framework developed in this paper employs unique strategies,
compared with other approaches, as shown in Table 1, to establish a
comprehensive local sustainability framework which may also be appli-
cable to other regions which have hot, dry climates. Current applications
can also be enhanced by implementing feasibility indicators for the
future.

This framework presents three dimensions (Table 1), involving
various strategies to tackle locality-specific issues. While other frame-
works in this table have focused on designing assessment tools which
include urban sustainability factors, these studies did not involve the use
of different strategies such as urban planning and semi-standardised
domestic home designs. Other research e.g. (Aldossary et al. 2014,
2017) designed dimensions focussing on low carbon homes for hot, dry,
arid regions: a case study applied in Saudi Arabia looked to reduce high
energy consumption in this region, proposing to reduce the footprint of
domestic homes.

2.1. Local context: a case study in the Iraqi capital Baghdad

This subsection will present the case study area being considered, in
order to highlight the multiple problems in this context and therefore, to
show how the design of the new framework in this paper will contribute
and combat the existing and future challenges of this region.

Iraq is classified as a hot, dry, arid region. Temperatures can vary
significantly, for example, in the summer months temperatures
frequently exceed 50 �C. Meanwhile, the temperature in the winter
reaches to 5 �C and even below 0 �C. There is little rain in the summer
and, in the winter, rain fall amounts to less than 40 mm between
November and April.

The population of Iraq is predicted to double in size from 38.5
million in 2017 to about 70 million by 2030. Baghdad is the capital of
Iraq and it houses a quarter of the total population. The population of
Baghdad is predicted to reach 14 million by 2030, which will add to the
city's problems including insufficient public services and infrastructure,
and exacerbating undesirable environmental impacts (Roberts, 2008;
Bryant, 2006).
3
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Iraq has been selected in this study as a representative politically
unstable country due to the severe post-war damage to its infrastructure
and the ongoing terrorist attacks in its cities, specifically the capital
Baghdad. Despite several efforts to rebuild Iraq's cities, more intensive
efforts are needed to enhance the quality of life and mitigate the current
problems, such as high energy consumption and demand, and traffic
congestion, environmental pollution, and lack of effective planning. Of
these problems, the shortage of electricity is one of the most common
issues in developing countries. In particular, Iraqi citizens suffer
considerable shortages in electricity, which affects their quality of life
and their economy.

Since 2003, Baghdad has experienced population inflation, which
includes increased demands for energy and transportation. For example,
before 2003, the number of vehicles in Baghdad was proportional to the
basic design of the city. The number of vehicles in the capital has since
increased more than ten times, while the basic design of the city and its
roads have not developed sufficiently to mitigate this increase. The
percentage of the increase number of vehicles in Iraq is about 300%. This
large increase in the number of vehicles is a result of the improved
economy after the regime change in 2003 and also due to the end of the
international sanctions, as well as the lack of public transport and the
huge rise in population.

In light of these locality-specific issues in Iraq, especially in the cap-
ital, it is an essential to identify radical and sustainable solutions to
mitigate the current crises. Consequently, this study will design a
comprehensive sustainable framework that covers the basic aspects,
including planning, transport, housing, and issues of economy and
environment. This study aims to address the issues of sustainability
gradually in Iraqi cities, especially Baghdad, to mitigate the current
problems and secure a better environment for future generations.

3. Methodology

This research will focus on establishing of a comprehensive sustain-
ability framework considering specific unique locality issues for devel-
oping economies, including unstable countries. An example of this is Iraq,
which, as described previously, needs a specific roadmap/framework for
own its cities, in particular the case study area of this paper is the capital
Baghdad.

However, urban sustainability development factors are considered a
controversial issue in developing countries. Because of this, a consensus
is required to implement new plans/frameworks. One way to achieve this
consensus is based on consultation with a panel of experts. There are
three commonly used consensus techniques (Hsu and Sandford 2007;
Habibi et al., 2014; Aldossary et al., 2015): (a) survey (Delphi rounds),
(b) group meetings, and (c) survey and meeting.

Numerous approaches can be used to consult with experts such as,
face to face interviews, focus groups and the Delphi consultation
approach. The Delphi technique is best used in situations where expert
opinion is required from a range of professions such as sustainability,
engineering and policy making (Giannarou and Zervas 2014). One of the
most significant advantages of using the Delphi technique is participant
anonymity, this levelling out the effects that dominant individuals may
have within the group of experts (Hsu and Sandford 2007; Aldossary
et al., 2015). Online communication by e-mail also helps maintain
confidentiality.

This research methodology was used to (a) develop a sustainable
framework planning technique applicable to the situation in Baghdad,
and (b) to identify suitable semi-automatic housing requirements for new
domestic projects and also a set of urban sustainability indicators. As
such, the experts participating in the Delphi-rounds have a background in
construction, urban planning and urban sustainable development (Hab-
ibi et al., 2014; Giannarou and Zervas 2014).

This study has selected the Delphi technique (Aldossary et al., 2015),
a survey approach, normally used to reach a consensus when complex
issues are involved. Using this approach, experts can express their
4

opinions freely, avoid face to face meetings and eliminate any possible
conflict between them. Carried out over several rounds, this gives par-
ticipants the opportunity to observe a variety of viewpoints and suggest
additional factors to reach consensus. It allows respondents to control
feedback by providing them with information offered in the previous
round, in addition to statistical information. The applications of rounds
are designed based on Likert-scale choices, the statistical analysis used to
measure the results making use of mean ranks and standard deviations.

The Delphi technique has been chosen over others, for a variety of
reasons not least that it has been used extensively in the sustainable
urban development field domain. One of the main reasons for using the
Delphi technique is that it can generate and forecast innovative ideas to
inform the hypothesis for the research (Giannarou and Zervas 2014).
Other advantages of the Delphi Technique include:

� Sequences of rounds: this technique is normally a 2 or 3 stage
process, the aim to achieve consensus by the end of the process. This
gives participants the opportunity to see their colleagues' points of
view, to revise their judgment or stay as they are and to suggest
additional insight and further details if need be. Anonymity:
Respondent anonymity is preserved during the Delphi process to
avoid any influence of position or dominance by any expert. In this
context, this application allows experts to express and add their
viewpoints freely without any pressure from others.

� Controlled feedback: The Delphi organiser receives the experts'
view after each round and conducts the relevant analysis in order to
proceed to the next stage. This eliminates the need for personal ex-
changes and facilitates the transition to the next stage in the process.
Electronic questionnaires are used to allow easy exchange of ques-
tions, to conduct communications between experts online and to
carry out the analysis and transition of information smoothly. This
makes the technique cost and time effective.

� Statistical analysis of responses: Because the Delphi technique
deals with complex issues, it is essential to analyse responses reliably
and accurately. The following descriptive statistics, the mean, me-
dian, standard deviation (SD) or interquartile range (IQR) are used in
this case. The SD's of Likert rating scale responses for each indicator in
each round are used where each SD should be between 0 and 1 (0 �
SD � 1) (Giannarou and Zervas 2014; Galipeau et al., 2017). The
rounds involve experts narrowing down their decisions to achieve
consensus.

Based on the results of the consensus approach, statistical methods
will be employed to measure the degree of consensus, in order to develop
the new framework.

Finally, in order to validate the proposed comprehensive sustain-
ability framework, this study has conducted semi-structured interviews
with 15 intra-organizational leaders to ensure its ability to meet locality-
specific problems, in light of current and future challenges.

4. Achieving a consensus in development of a sustainable
framework

A sustainable framework must include a set of urban sustainability
indicators to improve well-being and semi-automatic/standardise
housing criteria to promote conservation of energy in the domestic
sector. The Delphi approach was used as with this, experts can also be
provided with evidence regarding consensus, which can be achieved
anonymously online, one of the most important reasons for using the
Delphi approach to gathering data is anonymity. Online communica-
tion can also be maintained confidentially. The Delphi technique re-
quires consultation with a number of different experts over three
rounds: (a) brainstorming ideas to suggest, organise and assess various
planning strategies; (b) trimming-down of ideas to reduce the number
which can then be further refined by the addition of points and
techniques, and (c) a final-stage round to assess the final indicators
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and strategies and to reach a consensus in the context of the research
aim.

In the remainder of the next section, the process of the Delphi rounds
will be discussed to illustrate the sequence of rounds, the selection of the
experts' panel, and the sections of the Delphi questionnaires.

4.1. Expert panel selection

For a successful Delphi procedure, it is important that qualified ex-
perts are properly selected (Aldossary et al., 2015). It is also essential that
the correct number of experts are engaged. In response to this, the size of
the panel in this research is in line with the recommended guidelines
followed in a number of previous Delphi studies. Hsu and Sandford
(2007) reported using less than 50 consultants while Masoso and Grobler
(2008) proposed that panels averaging between 10 and 30 provide an
acceptable range. Other studies suggest between 10 and 18 experts
(Maguen et al., 2012; Aldossary et al., 2015). 50 experts carried out the
Delphi process in this study, invited via face to face meetings or email.
Figure 1 shows the process used to select the expert panel.

All the experts who agreed to take part in the study, agreed to
participate in the three Delphi rounds. According to Hsu and Sandford
(2007) and Aldossary et al. (2015), experts should be selected from
various field including decision-makers, academic and private sector/-
industries and should include international professionals as the Delphi
technique is a panel decision engine that requires qualified experts with
professional experiences in locality-specific problems (Maguen et al.,
2012). This was a defining feature of the selection process resulting in
experts from multiple fields as detailed above. Their background
knowledge and experience differ according to their organization and
their particular role as summarized below (see Table 2):

(a) Academics: Depending on their research fields, these experts can
bring unique ideas and strategies to the discussion that they may
have encountered developed countries as many completed their
PhD's in different developed countries such as the UK, USA and
Australia. Academics were selected from the University of Bagh-
dad, Al-Nahrain University, Al-Mustansyria University, the Centre
of Urban and Regional Planning, Technology University, and the
University of Diyala.

(b) Decision-makers: Decision-makers were defined as those in gov-
ernment ministries having policy-making power. They included
one minister, managers, heads of departments, engineers, archi-
tects, urban designers and managers of municipalities working in
ministries of water resources, housing and construction, the
Centre of Statistical Organization and other related ministries.
Some experts recommended other specialists as suitable partici-
pants. The importance of engaging with those experts lies in their
practical experience, the reality of locality-specific issues, policies
•Tes ng their 
knowledge 
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and regulations. This relates to difficulties in establishing new
plans in terms of national schemes about low energy construction,
sustainable plans and urban sustainability indicators, which have
already been used in many developed regions.

(c) Private sector (NGO): Experts such as engineers, contractors and
consultants can engage and give a feedback according to their
practical experience. Their participation in the Delphi rounds fo-
cuses on how to link sustainable plans/urban development to the
private sector and future urban projects. A number of experts from
construction companies and general contract offices in the private
sector were involved. International industrial representatives
were also involved from foreign companies and international
organizations.

4.2. Description of the questionnaire

A questionnaire was designed for the three-round implementation of
the Delphi process, which included several sections: planning strategies
related to future developments, new strategies for domestic projects to-
wards low energy housing, and a set of urban sustainable development
indicators, including environmental, social, and economic aspects.

The Delphi technique was then conducted with 50 experts (as
described in the previous section). Three round were performed and,
between rounds, the results are summarized, and, eventually, consensus
will reached through the process of these rounds or until the number of
new points offered decreases (Habibi et al., 2014). Consensus was
reached by the end of round three. Each individual round had particular
features as explained below:

- Round one: brainstorming ideas relevant to the design of a sustain-
able plan for development in Baghdad. This comprised four main
sections: (a) Planning for new urban development areas around the
capital including satellite cities for multiple purposes e.g. residential,
industrial, commercial and administrative), (b) the use of semi-
automatic criteria in the domestic sector to move towards low en-
ergy housing, including on-site renewable energy and a decrease in
the size of houses, and (c) a set of urban sustainable indicators to
develop socio-cultural factors designed to address human-well-being.
Each expert assessed how important each category was using a Likert
rating scale from 1 to 5. The categories/indicators which were not
considered to be significant were dismissed. Each expert then was
asked to suggest and add further details and planning strategies which
were not already included in the questionnaire, based on their
experience.

- Round two; a narrowing-down round. The process described above
was repeated using the newly suggested indicators and planning
strategies. Indicators and strategies which were considered unsuitable
were removed. The expert panel re-evaluated the strategies and
e 
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indicators, rated and evaluated those points put in place from other
experts in the first round.

- Round three; the purpose of this round was to rate the categories, the
indicators and sub-indicators, of the three dimensions e.g. planning
strategies, future domestic design and a set of urban sustainability
indicators, as a final assessment to reach consensus (Hsu and Sand-
ford 2007).

In round three, the panellists re-rated the additional factors added
from the second round. It is believed that statistical analysis such as using
the standard deviation applied for 3 rounds allow a consensus to be
reached. Some previous studies claimed that continue with more than 3
rounds can be resulted in bias forming (Ba 2000).

The three rounds of questionnaires were divided into three main
categories as mentioned in the previous section.

The questionnaire for each individual round comprised three main
sections: (1) planning strategies and future vision for the capital city, (2)
housing/domestic sector regarding semi-automatic design requirements;
strategies for on-site renewable energy and (3) a set of urban sustain-
ability indicators which will also include strategies for on-site renewable
energy. Each of these sections is described in more detail below:

- Planning strategies and future vision: this section includes plan-
ning strategies that help urban designers and decision-makers to plan
Table 2. Categories of the expert panel.

Organization

Decision -makers (a) Council of ministrie
(b) Mayoralty of Baghda
(c) Ministry of water re
(d) Ministry of water re
(e) National centre for e
(f) Ministry of planning
(g) Ministry of housing
(h) Ministry of municip
(i) Ministry of municip
(j) Ministry of electricit
(k) Ministry of electricit
(l) Ministry of electricit

(m) Ministry of electricit
(n) Renewable energy c
(o) National Investment

Academics (a) University of Baghda
(b) Al-Nahrain university
(c) Al-Mustansyria unive
(d) University of Karbla
(e) Centre of urban and
(f) University of Kufa
(g) Technology universit
(h) Environment researc
(i) University of Wasit
(j) University of Erbil
(k) University of Dylia

International experiences (a) Construction centre-
(b) DBG Dr. Bluhm Gmb
(c) Hanwah/Korean con
(d) NB-consultancy
(e) University of Notting
(f) Vienna city council
(g) University of Strathc

Private sector (NGO) (a) UN-Habitat-Iraq prog
(b) Bunatt Organization
(c) Dar-Al-Imara consult
(d) Al-Ghalaow construc
(e) Alamco construction
(f) Al-Qaram constructio
(g) Adnan group compan
(h) Consultation syndica
(i) Alsaqa'a Co. For gene

All total categories
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the shape of the future city. With reference to Baghdad, a high density
and crowded city, a sustainable framework should include plans for
establishing satellite cities.

- Housing design, requirements and strategies: this section includes
categories designed to establish the minimum requirements for new
domestic projects. These strategies are related to the use of on-site
renewable energy and low energy housing designs.

- A set of urban sustainability indicators; a set of indicators have
been used in this framework, covering the environment, water, en-
ergy, transportation and infrastructure, social, economic, safety,
innovation and management, in addition to on-site renewable energy
such as solar energy as PV systems. Experts assess each indicator and
technique individually and add further feedback if necessary.

The results of these questionnaires will then be analysed and the re-
sults used to design the proposed sustainability framework (Section 3).

5. Results and discussion: designing a framework for sustainable
urban development projects

This section presents the analysis of the Delphi process described in
Section 2, reporting on results of each of the rounds.

This study used the Delphi technique, a systematic method applied
over three rounds with the aim to achieve a consensus amongst expert
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Table 3. The main dimensions of the proposed framework.

Framework items Main categories/criteria Total number of indicators Status of consensus

Future city Planning and land use 11 ✓ Achieved

Domestic future requirements Housing patterns 12 ✓ Achieved

Urban sustainability indicators Environment, social, and economy factors 63 ✓ Achieved
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participants. The mean rank and standard deviation were selected as the
most common statistical methods to measure consensus for each indi-
vidual factor/indicator in this framework. A Likert rating scale was used
for the three dimensions, including the indicators and sub-indicators,
where 1 ¼ Not important; 2 ¼ Little importance; 3 ¼ Moderately
important; 4 ¼ Important, and 5 ¼ Very important. The statistical anal-
ysis including Mean rank and Standard Deviation (SD) have been used in
this study to show the consensus through three rounds of Delphi
technique.

Table 3 and Table 4 show how and to what level consensus was
achieved amongst the experts. The main dimensions and strategies in the
proposed framework, were agreed on by the expert panel as relevant for a
local framework for Baghdad. In this context, a locally sustainable
framework can be adopted by decision-makers and professionals in the
construction sector to meet future needs and requirements as shown in
Table 3.

Planning strategies and land use were also evaluated by the experts
over the three rounds. With reference to the concept of satellite cities
around the capital to mitigate pressure on the city, 29 of 50 (58%) experts
rated this strategy as very important, achieving a mean rank of 4.33. The
creation of a green belt was also voted as very important by 75% of the
panellists. They suggested that satellite cities and the green belt should
be located around the capital, in other words in suburban regions in order
to keep the optimum size of the city and avoid more pressure on existing
city's applications.

It was found that the suggested strategies, such as the concept of
establishing cities around the capital, the green belt, and a few additional
indicators from the experts, were considered to play a vital role in
replacing the traditional plans lack in depth involving sustainability
concept to tackling the existing and future challenges, including saving
energy and replacing the traditional methods by adopting renewable
solutions such as investing.

Another significant subject in the survey, is how to design future
housing projects which have reduced house sizes, in order to monitor and
reduce cooling and heating requirements. This study suggested a variety
of building areas and number of rooms/spaces, the panellists voting to
provide multiple housing areas within the same project. The minimum
domestic design requirements for a single-family house was voted as
150–200 sq. metres (mean rank 3.9). The experts rated mix-pattern
dwellings as the most significant feature (mean rank ¼ 4.25). Afford-
able housing and improvements in the quality of the indoor climate were
suggested in the second round as additional factors, consequently voted
as very important at means of 4.7 and 4.64, respectively. Several different
strategies can be adopted to standardise domestic buildings and create
low energy housing as well the use of on-site renewable energy.

Three Delphi rounds were used to develop the framework. Each
round aimed to reach consensus and rate the list of suggested indicators.
The new sustainability framework will be built on ratings of the factors
proposed in the three Delphi rounds. The factors receiving low ranks will
not feature in the new framework. The final design of the proposed
sustainability framework will be presented in section 5.2.

5.1. A set of urban sustainability indicators findings

This section will describe the set of sustainability indicators that were
generated from the Delphi Survey (Described in Section 2). In compari-
son with the prior studies, the indicators elicited by this work are
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significant because they consider locality-specific issues in the target
context of war-torn countries. In previous work, many researchers have
identified new assessment tools (Alyami et al., 2015; Fawzi et al., 2016;
Aldossary et al., 2015) which include different rating system for a set of
urban sustainable development items such as environmental, water, en-
ergy, social and economic, impacting their locality-specific issues re-
gions. A few of researchers, however found that these urban
sustainability assessment tools are not fully applicable for all regions due
to locality-specific condition. For example according to Pearl UAE
guideline and QSAS for Qatar, these guidelines rated water indicator is
the most important priority, because of climatic conditions, while
BREEAM and LEED guidelines identified environment and energy are the
most important indicators.

Many of the suggested indicators were considered very important or
important, and included categories such as the environment, water, en-
ergy, transportation and infrastructure, social-cultural, economy, inno-
vation and safety and management. In terms of environmental indicators
(Table 4), they include six factors from the environmental indicators and
four factors from the ecology indicator. Most of these factors were rated
very important and important, the average mean rank between 4 and 4.5.
The results show the top factor in this category was to reduce pollution,
ranked 4.85, followed by green areas e.g. parks, rated 4.81 out of 5. This
was followed by waste separation and recycling, rated at 4.77. The least
important item was water bodies, rated 4.04.

- Water indicators, also the most significant factor in hot dry regions
including Iraq. Because of, Iraq has recently experienced water
shortages because of an increase in desertification. There are different
strategies to monitor water usage for future applications and enhance
the efficiency of the water system. This category involves 5 factors.
The findings revealed that ‘Water conservation’, ‘Provide onsite water
quality’ and ‘efficient water systems’ were deemed to be very
important with mean ranks of 4.8, 4.71 and 4.7, respectively. The
remaining factors ‘diversity of water resources’ and ‘wastewater
recycling’ were rated as important with means of 4.14 and 4.45,
respectively as listed above in Table 4.

- Regarding Energy indicators, this study emphasised the mini-
misation of energy consumption as one of the most important factors
to reduce CO2 emissions and environmental pollution. The findings
of three Delphi rounds showed that ‘Use alternative renewable en-
ergy e.g. PV solar’ and ‘minimising energy consumption’ were rated
the most important indicators with means of 4.57 and 4.55,
respectively. This study also focused on the using of solar energy
techniques for new buildings, but some suggested techniques were
not rated as functional e.g. ‘Use solar wall techniques’ and ‘PV on
external windows’.

- In terms of Transportation, infrastructure and public services and
utilities, these included public transport, walkability, and safe streets.
The most popular factors were ‘mitigate traffic congestion’ and
‘walkability’ (means ¼ 4.77) to tackle the major problem of traffic
congestion in the capital Baghdad. The third important factor was
‘diversity of transport modes’ (mean ¼ 4.53) as compensation for the
acute shortage of alternative transport solutions including buses,
subways and trains. The lowest rated factor was ‘use of private car’
(mean¼ 2.89) as an essential method of transportation. Current acute
traffic congestion is the result of the use of private cars by local
families as there are no other modes of public transport available.



Table 4. Indicators and sub-indicators of a set of urban sustainability factors.

Indicator Sub-indicators Round 1 Round 2 Round 3 Status

Mean SD Mean SD Mean SD

Environment Ecology

Reduce pollution 4.72 0.53 4.85 0.36 - - Achieved

Vegetation cover and green areas 4.7 0.53 4.81 0.5 - - Achieved

Site micro-climate 4.37 0.69 4.45 0.66 - - Achieved

Waste separation and recycling 4.6 0.65 4.77 0.46 - - Achieved

Use sustainable construction materials 4.26 0.75 4.34 0.7 - - Achieved

Shaded streets and protected open spaces 4.36 0.71 4.51 0.66 - - Achieved

Water bodies 4.01 0.86 4.06 0.86 - - Achieved

Balance ratio between green spaces and built-up areas 4.56 0.59 4.72 0.56 - - Achieved

Conservation of agriculture land - - 4.74 0.55 4.71 0.6 Achieved

Water Water conservation 4.77 0.53 4.83 0.42 Achieved

Onsite wastewater recycling 4.32 0.71 4.58 0.66 Achieved

Provide onsite water quality 4.67 0.6 4.75 0.47 Achieved

Diversity of water resources onsite 4.07 0.8 4.21 0.83 Achieved

Efficiency water system - - 4.6 0.62 4.8 0.44 Achieved

Energy Minimise energy consumption 4.52 0.69 4.58 0.63 Achieved

Use of insulation 4.4 0.73 4.58 0.63 Achieved

Use alternative renewable energy 4.44 0.7 4.7 0.6 Achieved

Smart energy management 4.19 0.79 4.31 0.89 Achieved

Smart and safe energy distributed system - - 4.06 0.75 4.34 0.64 Achieved

Smart solar heating water - - 4.22 0.83 4.24 0.8 Achieved

Use the PV on top of the building 4.33 0.77 4.35 0.77 - - Achieved

Transportation Promote of public transport 4.75 0.45 4.89 0.37 - - Achieved

Walking as a mean of mobility particularly nearby distance 4.34 0.7 4.89 0.37 - - Achieved

Use of private car 3.08 0.94 2.7 0.81 - - Achieved

Mitigate traffic congestion 4.7 0.56 4.83 0.42 - - Achieved

Provide bicycle streets networks 3.91 0.9 4 1.05 3.96 0.98 Achieved

Safe streets network onsite 4.27 0.74 4.43 0.77 - - Achieved

Diversity transport modes 4.67 0.63 4.83 0.42 - - Achieved

Public car parking availability 4.38 0.77 4.45 0.72 - - Achieved

Public services and infrastructure Provide activities areas for the elderly and disabled 4.2 0.81 4.45 0.72 - - Achieved

Designated activities areas for children's play areas 4.49 0.64 4.77 0.46 - - Achieved

Provide recreational facilities 4.36 0.72 4.6 0.53 - - Achieved

Promote cultural activities 4.04 0.85 4.21 0.81 - - Achieved

Develop healthcare centres 4.24 0.61 4.66 0.55 - - Achieved

Emergency paths network - - 4.42 0.71 4.4 0.6 Achieved

Use of camera security system in motorways - - 4.55 0.69 4.62 0.6 Achieved

Social and cultural Preservation of traditional building 4.55 0.72 4.6 0.65 - - Achieved

Promote traditional design for the new buildings 3.98 0.84 4 0.87 - - Achieved

Provide the hierarchy in public and residential places 4.07 0.82 4.19 0.75 - - Achieved

Promote use of natural lighting and for diversity buildings 4.41 0.68 4.43 0.66 - - Achieved

Promote intensive social programs 4.57 0.62 4.57 0.6 - - Achieved

Provide social awareness programs through educational curriculum 4.55 0.59 4.53 0.6 - - Achieved

Stakeholders' participation in decision-making 4.53 0.64 4.51 0.6 - - Achieved

Skills improvements programs, women involvement - - 4.18 0.71 4.23 0.73 Achieved

Fines for violators - - 4.7 0.57 4.64 0.56 Achieved

Innovation factors Smart shading devices 3.91 0.8 3.91 0.78 - - Achieved

Use of innovative methods 4.21 0.7 4.37 0.61 - - Achieved

Use smart traffic and time management system 4.38 0.75 4.32 0.65 - - Achieved

Provide smart guidelines in the buildings 4.04 0.85 4.26 0.76 - - Achieved

Adopt Building Information Modelling (BIM) - - 4.17 0.77 4.14 0.8 Achieved

Economic factors Promote investment 4.63 0.58 4.62 0.58 - - Achieved

Develop the tourism sector 4.45 0.66 4.55 0.69 - - Achieved

Employment 4.74 0.5 4.75 0.51 - - Achieved

Foreign experience 4.11 0.8 3.81 0.83 - - Achieved

Promote use of local materials 4.56 0.64 4.7 0.5 - - Achieved

Diversity of economic activities instead of single economy (oil) - - 4.87 0.44 4.92 0.27 Achieved

Cooperating between public and private sector - - 4.58 0.6 4.64 0.55 Achieved

Commercial awareness's programs onsite - - 3.87 0.91 4 0.69 Achieved

(continued on next page)
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Table 4 (continued )

Indicator Sub-indicators Round 1 Round 2 Round 3 Status

Mean SD Mean SD Mean SD

Management factors Reduce Life Cycle Assessment (LCA) cost 4.24 0.7 4.47 0.66 - - Achieved

Ensure a long- term maintenance and management 4.59 0.55 4.72 0.56 - - Achieved

Use an electronic governance system 4.57 0.62 4.64 0.68 - - Achieved

Establish postal code system 4.21 0.72 4.3 0.86 - - Achieved

Create various opportunities for local people to participate in multiple activities 4.39 0.77 4.3 0.77 - - Achieved

Comprehensive updates schemes - - 4.4 0.76 4.62 0.56 Achieved

M.M. Mohsin et al. Heliyon 6 (2020) e05348
- Cultural factors, this category includes four urban factors that deal
with community culture. The most important indicator was ‘preser-
vation of traditional building’ rated with a mean of 4.58. This was
followed by ‘promote the use of natural lighting for diversity build-
ing’ (mean ¼ 4.42). The lowest rated factor was ‘promote traditional
design for the new buildings’ (mean ¼ 3.99). In the context of Social
factors, there are three urban indicators in terms of social context, a
further two indicators added by the expert panel. The most important
factor was ‘fines for violators’ (mean ¼ 4.67) including those who
tamper with public services, violate laws and regulations thus
increasing social problems. The next important indicator was ‘provide
social awareness programs through educational system (curriculum)
(mean ¼ 4.57). The remaining indicators were considered to be the
least important and included ‘promote intensive social programs’,
‘stakeholders’ participation in decision–making’, ‘skills improve-
ments programs’, and ‘women involvement’.

- In terms of Innovation factors, the five factors related to the innova-
tion indicators were all rated as less important because the experts
considered this category as secondary to the need to enhance essential
requirements. That said, the most important indicator was ‘Use of
innovative methods’ (mean ¼ 4.37) because of the aim to develop
current and future applications.

- Another issue Safety and security factors, the experts rated safety and
security indicators as a significant issue because of policy problems
and deteriorations in security. Four safety indicators emphasised
identifying protection policy, both at the city and individual building
level. The most important indicator in this context was ‘provide
camera security onsite’ and ‘provide smart existing doors’ (means ¼
4.49) because of the aim to improve difficult living conditions in
politically-unstable regions. ‘Fire alarm system’ was rated to be the
important factor.

- One of the most important factors is Economic factors, this category
includes eight indicators all of which were rated as important to the
development of the local economy. That said, two were rated as less
important than the others; ‘foreign experience’ and ‘commercial
awareness programs onsite’ (means of 3.96) because of encourage-
ment from the experts to employ locals to reduce the high percentage
of employment. ‘Diversity of economic activities instead of a single
economy (oil)’ has occupied the most important position (mean ¼
4.9) among a set of overall urban sustainability indicators due to the
sharp decrease in the state budget which is dependent on the export of
oil, this declining from time to time. As a result, this issue has nega-
tively affected the labour market and the economy of the country.
This was followed by, ‘employment’ (4.75) as the second important
factor, strongly related to the previous indicator.

- Finally, Management factors, there are six factors in this section
which were rated as important or very important, the experts
considering these key to enhance public services and facilities for the
local population. One of the most significant indicators was ‘ensure
long-term maintenance’ (mean¼ 4.66) followed by ‘use an electronic
governance system’ (mean ¼ 4.61) because of the need to change the
traditional system. In addition, ‘mitigate traffic congestion and
‘comprehensive updates schemes’ were rated as very important fac-
tors (means ¼ 4.51) due to the essential need to mitigate traffic
9

problems and develop institutional work i.e. municipality activities
and research, as illustrated in Table 4.

5.2. Development of a comprehensive sustainability framework

The new sustainability framework comprises 86 different factors
organised into three hierarchical levels, as shown in Figure 2. The first
dimension is future vision, this consisting of two major strategies, plan-
ning strategies and land use, and 11 sub-indicators/strategies. The sec-
ond dimension includes 3 key indicators and 12 sub-indicators, the third
dimension including 12 main indicators and 63 sub-indicators.

The following figure details the three main categories, each section
including many strategies/indicators which could constitute a locally
sustainable framework for the future development of the built environ-
ment in Baghdad. The three main categories are: planning and future
vision, semi-automatic criteria for low carbon domestic sector housing,
and a set of urban sustainability indicators encompassing the environ-
ment, water, energy and socio-cultural indicators in order to enhance
well-being at a city level.

In response to this, the proposed framework in Figure 2 details
different strategies including satellite city projects and a green belt
around the city.

Multi-purpose satellite cities and a green belt around the capital:
planning and land use play an important role when developing a city plan
to meet future requirements including population growth, traffic
congestion and environmental pollution. Planning needs to mitigate
pressures in the capital city such as high population density and traffic
problems while still considering the optimum size of the city. Features
which may provide a comprehensive solution and form the shape of a
future city, include low energy housing and the use of on-site renewable
energy. Suggestions also include establishing a green belt around the city
to combat climate change, help to enhance weather conditions and
observe the size of a city. One of the problems of existing applications in
Iraq is poorly designed strategies to mitigate current and future chal-
lenges. This vision for planning and land use strategies could therefore
play an important role in the development of the city.

As Iraq has a hot dry climate, homes need to be built which will
reduce energy consumption because this sector currently makes the
highest energy demands. One of the most significant problems for
existing homes is their poor design. Minimum requirements involve
housing area, shading techniques and a minimum number of spaces/
rooms required for the average Iraqi family. Air conditioning accounts for
almost 70% of the energy demand in the domestic sector. These strate-
gies would allow for the use of innovations such as on-site renewable
energy, solar PV systems, this helping to establish a semi-automatic
framework for housing.

A set of urban sustainability indicators for well-being: The classifi-
cation of various urban sustainability factors depends on their priority
according to the level of importance scale and evaluation process. For
example, current guidelines and criteria are not sufficient to meet future
requirements such as traditional methods for planning, housing features,
environment pollution, water shortages and intensive energy consump-
tion. Therefore, a new set of effective urban sustainability indicators will
play an important role enhancing well-being and tackling current and
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future challenges. The new comprehensive sustainability framework in-
cludes dimensions, indicators, and sub-indicators as illustrated in
Figure 2.

5.3. Prioritisation of the urban sustainability indicators

This section describes the prioritisation given to urban sustainability
indicators. These are the more important factors required to mitigate
problems in the local context. Environmental and ecology indicators
were deemed the most important followed by transportation, public
services and infrastructure factors (4.73). Water factors were rated as the
third important priority because of a recent decline in rainfall percentage
and global concerns about climate change, while the previous studies
such as (Ameen et al., 2015) was deemed water indicator the most
important indicator and environment indicator rated as the second pri-
ority. Energy and solar energy techniques were voted as the fourth
important priority, with an emphasis on renewable sources such as solar
Figure 2. Local sustainable comprehensi
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energy. The least significant factor among the ten indicators was inno-
vation possibly because of the need to identify essential factors required
to improve the city. The remaining factors were also rated at different
mean ranks as illustrated in Table 5. This section discusses the order of
importance of factors starting with the most important challenges ac-
cording to expert feedback via the Delphi rounds.

6. Validation of the comprehensive sustainability framework

The validation stage followed the development of the framework. The
methodology for this validation was based on a series of semi-structured
interviews carried out with 15 intra-organizational leaders from a vari-
ety of organizations and 7 intra-organizational leaders from official gov-
ernment departments charged with the promotion of sustainability
practices. These leaders were responsible for promoting, planning, devel-
oping and implementing schemes/plans regarding environmental, social
and economic sustainability issues in their respective organizations.
ve framework for Baghdad (LSCFB).

mailto:Image of Figure 2|tif


Table 5. Rankings of urban sustainable indicators.

Indicators Average/Mean SD

Environmental and ecology indicators 4.78 0.45

Water indicators 4.67 0.55

Energy and solar energy indicators 4.51 0.65

Transportation, public services, and infrastructure factors 4.73 0.73

Cultural indicators 4.11 0.67

Social factors 4.16 0.58

Innovation indicators 4.1 0.83

Safety and security indicators 4.44 0.66

Economic indicators 4.46 0.66

Management indicators 4.5 0.69
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The aim of the validation stage was to ascertain if the developed
framework is correct and suitable for the Iraqi context. This was done by
inviting intra-organizational leaders to comment on their understanding
of, and acceptance of, the framework in their context. Perceptions were
also gathered regarding proposed strategies and indicators, and how they
can be applied. The profile of leaders within different Iraqi organizations,
in particular in urban development and construction sector who were
interviewed are listed in Table 6.

All those mentioned in Table were interviewed and a summary of
these interviews is presented below:

The first expert ‘A’ as in Table 6, a leader of water resources and
management in the ministry of water resources mentioned;

‘I totally agree with the main dimensions of the proposed framework to
mitigate local current and future challenges including water issues in Iraq’.

In addition, the minister recommended adoption of the framework as
a roadmap for local government to be used as a strategy to solve the most
important local challenges. There is wide consensus by government of-
ficials and policy-makers regarding water shortages as a new challenge,
one that has emerged in recent years due to climate change and reduced
rainfall.

The second expert ‘B’, this expert expressed his opinion regarding the
understanding of the framework

‘I highly recommended adopting this framework as a governmental
guideline through a qualified teamwork engage with the govern-
mental committee to implement the national strategy for the capital
Baghdad’
Table 6. Profile of 15 intra-organisational leaders interviewed in Iraq.

Interview Job title

A Minster of water resources

B Manager of national consultation engineering centr

C Head of general secretary of prime minster

D Head of urban studies institute

E Manager of housing studies department

F Leader of environmental sustainable development c

G Manager of urban design department

H Leader of renewable energy department

I Leader of construction projects

J Leader of Iraqi engineers syndicate

K Manager of Urban and Regional Planning

L Leader of UN-HABITIAT in Iraq

M Expert in Architecture Sustainable Design

N Manager of construction company

O Project Officer and Research Associate in Advanced
Manufacturing Technologies/Academia
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Interview with ‘C’ described the understanding of the framework
effectively claiming that

‘This framework is considered a key role to develop new urban zones and
improve current city applications unless the politically problems impact
directly to pose the implementation of the development frameworks’

Participate ‘D’ agreed to the three dimensions of sustainability by
saying:

“Sustainability framework considers a comprehensive vision of how to
develop the whole aspects of our cities and how it impacts directly to
improve quality of life and human well-being on the wider local
communities”.

There are numerous local problems which need to be addressed via a
specific roadmap to mitigate current and future requirements. This re-
quires a practical knowledge about how to implement the new frame-
work. The construction sector is considered more aligned towards
sustainability dimensions e.g. environmental, social and economic. That
said, intra-organizational leaders and policy-makers need to consider the
full range of perceptions held by the community, in order to successfully
implement this framework.

For instance, interviewee ‘E’ mentioned that:

“A comprehensive sustainability framework is difficult to implement in this
duration due to the politically unstable conditions in Iraq but it might be
applicable whenever the local conditions will enhance towards a govern-
ment of independent competencies that takes into account the main ob-
jectives of community development; citizen first, climate change and how to
Type of organisation

Ministry of water resource

e National consultation engineering centre

General secretary of prime minster

National institute of urban studies

Ministry of housing and construction

entre Environmental sustainable development centre

Mayoralty of Baghdad

Ministry of electricity

Ministry of planning

Engineers Syndicate

Ministry of planning

UN-HABITIAT program in Iraq

National consultation engineering committee

Al-Mumar construction company

Sustainable Centre for Advanced Manufacturing Systems,
UK/University of Technology, Iraq
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mitigate the undesirable impacts, responsible behaviour and social
awareness programs, environment issues energy and carbon emissions and
low energy homes towards renewable energy’

In addition, interviewee ‘E’ described some of the important
challenges concerning implementation including a comprehensive
transportation plan before planning and carrying out of new con-
struction projects/satellite cities around the capital. Moreover,
providing public services and utilities and strict laws are the most
important factors to create urban sustainable development and sus-
tainable community.

Respondent ‘F’, who is head of the Environmental Sustainable
Development centre, expressed his understanding of sustainability
framework by saying that:

“I believe there are three fundamental concepts which need to be addressed
in any sustainability framework: effective governance, innovative tech-
nology and a SD educated community, these factors called sustainability
wheels”

Interviewee ‘G’ view pointed out that, sustainability frameworks
become essential in order to mitigate major issues for the capital Baghdad
by dividing this city into 3–4main zones by ensuring the establishment of
the green belt around the capital’

According to the long period of practical experience for the interview
‘G’ also noted that;

‘This city has suffered from harsh conditions impact directly to increase the
level of degradation in multiple aspects such as public services and utilities,
educational system and healthcare. Therefore, a comprehensive sustain-
ability framework is considered a significant value to improve the quality of
life-based on enhancing the level of public services, infrastructure, and
social awareness programs through 14 municipalities inside the capital.
However, a comprehensive sustainability framework can be adopted
through sleeted various neighbourhoods, because a neighbourhood is a
basic part from the city level, so that by selecting different parts of neigh-
bourhoods across the capital’.

Interviewee ‘H’ highlighted that;

‘On-site renewable energy is an essential need to meet future requirements
by adopting green architectural design within a ceiling roof in order to
implement this technology for the coming years’.

Interview ‘H’ noted that politically unstable conditions in Iraq impact
directly to delay the effective planning towards sustainability in order to
move from consumer houses into producer homes by using PV system for
each individual dwelling unit. Also, ‘H’ revealed that the current chal-
lenge to provide governmental guideline regarding the financial policy to
promote demand price marketing of PV cells in order to be applicable for
the coming years, affecting to increase the quality of life and reduce CO2

emissions.
The interview ‘I’ and ‘J’ claimed similar opinions regarding the un-

derstanding of sustainability framework. In terms of urban development
projects:

‘New criteria regarding the housing sector and construction project needed
to update according to the current and future challenges. In addition, there
is an essential need to adopt strict laws and establish environmental laws
protection in order to create the basic part towards urban sustainable
development’.

The interview ‘K’noted that;

‘The understanding of a comprehensive sustainability framework including
multiple directions of planning stages inside and outside the capital in order
to tackle the current and future requirements, including the establishment
the concept of satellite cites or integrated cities around the capital, in
particular, administrative city in order to mitigate traffic congestion in the
centre of Baghdad’.
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Interviewee ‘L’ recommended adopting urban agenda/strategies with
intensive analysis by participating multiple organizations including the
consultation committee of the prime minister with various directions
such as the UN-Habitat leaders in Iraq, the mayoralty of Baghdad, and the
ministry of planning to optimise the comprehensive plan. In terms of
urban strategies they said;

‘Sustainable urban criteria regarding the city's applications can be adopted
to mitigate the current and future issues including green belts around the
capital. Also, there is an essential need to adopt strict laws and establish
environmental laws protection in order to create the basic foundation to-
wards urban sustainable development’.

Interviewee ‘N’ advised for the need update the construction projects
criteria in Iraq according to green code or friendly environmental design
as a conditional criterion in order to pose the random projects with lack
of effective planning:

‘The use of effective planning and a comprehensive sustainable framework
can lead to developing this city within a short and long-term by under-
standing the weakness design in the current applications, then improving
the existing and future requirements’

The last Interviewee ‘O’claimed that sustainable manufacturing
strategy is the most important issue should be established in Iraq to
mitigate multiple problems involving employment due to the economic
crisis in this country;

‘The understanding of a sustainability plan priority should be given to
creating jobs opportunities by activating the private sector and setting up
smart industrial cities around the capital, including the location of these
projects, in order to ensure a comprehensive vision for the near and distant
future, effectively contribute to mitigate the organization of the mother city
and creation of sustainable urban development poles'.

The main reason for using semi-structured interviews was to gain a
deeper understanding of the topics under discussion. Data analysis con-
firms that this framework is key to solving most local issues such as
housing deficits, traffic congestion, high energy consumption and envi-
ronmental pollution in the capital Baghdad. As such, this framework can
be applied in the short and long term to begin to address the locality-
specific problems described previously.

7. Conclusion

Iraq has the unique opportunity to develop own its cities using a wide
range of natural resources and human power. There is also the oppor-
tunity to reduce energy consumption in the future in the domestic sector,
to improve well-being and quality of life by adopting a set of urban
sustainability indicators as described in this paper. To achieve this, a
comprehensive sustainability framework for Baghdad city has been
established, based on its climate conditions, culture and locality-specific
issues.

This framework differs from others, as discussed previously, and
illustrated in Table 1. Indicators and strategies have been assessed and
investigated through three rounds of consultations. Several strategies are
new and unique as they were a product of consultation with experts. In
this context, this framework will be developed as a guideline reference
for policy-makers, designers and city developers who need to design local
frameworks applicable for the development of a sustainable compre-
hensive plan for Baghdad. The following recommendations can be made:

(a) Traditional Iraqi guidelines can be retrofitted based on sustainable
solutions to mitigate existing and future issues, as described in the
introduction, including the problem statement.

(b) There is an essential need to combat climate change in hot, dry
climatic regions. Solutions should consider low energy criteria
and strategies to semi-standardize domestic dwellings as well as
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making maximum use of renewable resources such as solar en-
ergy. This is considered one of the most important issues, covered
by the second dimension of the proposed framework in this
research.

(c) There is the need to identify effective planning strategies to meet
future requirements for new urban development. This should
include new policies and techniques, enforcing the proposed
concept of satellite cities around the capital for multiple purposes
e.g. residential and industrial to mitigate major problems in cities
including traffic congestion. This was the first dimension identi-
fied for the new framework.

(d) There is the need to adopt a set of urban sustainable indicators to
improve the quality life for local citizens. These should be based
on expert consultations and include a number of factors such as
the environment, socio-cultural issues, water and energy, this
dimension the third section in the proposed framework.

(e) Public awareness needs to be raised in terms of the development
of low energy housing and reductions in energy consumption.

As such, low energy domestic homes are recommended in this
framework due to the high level of energy usage in this sector.

This research has been validated using semi-structured interviews by
engaging with an expert panel involving 15 experts from various orga-
nizations to validate the proposed framework in this paper, in order to
make a reliable and applicable comprehensive sustainability framework
for the current and future period of the times. The interviews emphasised
gaining an understanding of the new framework and the perceived
weaknesses of aspects related to this, e.g. in terms of future vision
regarding planning new cities around the capital. Interviewees saw the
need to establish legal foundations to inform policy-makers regarding
forward planning.

The issue of the role of policy-makers in a sustainable built envi-
ronment is facing more challenge due to the growing needs of the built
environment in sustainable ways in order to mitigate current and
future requirements. The urban construction needs various intra-
organizational leadership at different levels that can adopt new stra-
tegies, recommends and rewards the adoption of sustainable practices.
Social aspects should be addressed at the centre of the development
strategies because culture, social, economic, and management factors
impact directly to enhance the level of development role in different
ways. The integration of the environmental, social, and economic di-
mensions of sustainability should, therefore, be adopted through the
education system and public practices towards a sustainable frame-
work/built environment.

The key contributions of this study are twofold: first, it investigates
the urban sustainability factors and local priorities in a war-torn
developing region such as Iraq; and second, it develops a methodol-
ogy for developing urban sustainability frameworks, including expert
consultation and consensus, engagement with the public's viewpoints
of urban development factors and their priorities, for an appropriate
assessment/comprehensive local framework.

This research investigates the views of the public in issues that
have not been addressed in the literature. In addition, there are
wide differences between the public's perceptions and the views of
expert stakeholders. These public perceptions, gathered via a
public survey, enabled factors to be identified and recognised
before an expert consultation had taken place. The multi-method
approach combined the public's views with expert consultations
using the Delphi technique, which is a unique approach that can
be adopted for the future development of local sustainability
frameworks.

Sustainable manufacturing strategy is the most significant issue could
be established in developing countries such as Iraq to mitigate multiple
local problems involving employment due to the economic crisis in this
country based on the concept of cities are engines of economic
prosperity.
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Finally, while this study has focused on Iraq, the methodology can be
adopted in other developing countries that have also suffered from
difficult conditions. This may include other Middle East capitals facing
population inflation and traffic problems, e.g. Cairo.
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