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ABSTRACT 
Construction industry as one of the main industries has different effects on natural resources, environment, and health. 
Therefore, this study was conducted to identify and prioritize green building  criteria in the Iranian metropolises. In 
the current study, the green building  criteria and sub-criteria were extracted through a literature review on Science 
Direct database, interviewing with the specialists, and using the Delphi model. Then, the extracted criteria were 
weighted and prioritized using analytic network process (ANP) and Super Decisions software. Based on the findings, 
8 main criteria and 26 sub-criteria were extracted to identify and prioritize the green building  criteria. The results 
showed that education, culture, energy management, water management, waste management, wastewater 
management, materials, and indoor and environmental quality of the building were among the most important green 
building  criteria. Application of these criteria prior to construction will enable the city managers to design a 
sustainable and green city and avoid interference of the non-specialists and personal tastes in construction of the green 
buildings. 
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INTRODUCTION
Nowadays, buildings are getting bigger so that, the 
total area of buildings built on this planet is about one-
sixth of the water area including rivers, lakes, seas, and 
oceans. This growth in construction industry requires 
different energy sources [1]. Studies have shown that 
construction industry has the largest 
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proportion for consumption of natural resources with 
the highest effect on the environment [2]. This 
industry is consuming 40% of the world's resources, 
12% of drinking water reserves, 55% of wood 
products, 40% of raw materials, and producing 45 - 
60% of global waste. According to the previous 
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studies, production of harmful greenhouse gases in this 
industry is 48%, which in addition to climate change 
and air pollution, it can also create the risk of losing 
natural resources [3-4]. 

The concept of green building has been 
considered in the last two decades more than ever, 
because solutions for the global problems including 
energy and water shortage, and waste collection are 
dependent on construction processes. Up to now, 
various definitions of green building have been 
provided. Generally, green building is referred to a 
“way to minimize the environmental effects of 
building as a whole and at the same time focusing on 
its biological, environmental, economic, and social 
effectiveness” [6-7]. 

Today, construction industry faces with two 
major challenges around the world. The first challenge 
is the use of conventional sources of energy, which are 
becoming increasingly expensive. The second one is 
the environmental damages that can occur as a result 
of constructing the buildings - for example, air, water, 
and soil pollution, carbon emissions and other 
greenhouse gases, and damage to plants and other 
natural habitats [5-8]. However, evidence shows that 
green design can help the builders to meet both of 
these challenges. Not only it can have a positive effect 
on public health and the environment, but also it can 
reduce operating costs, increase marketing in 
construction industry, propagate resident productivity, 
and prepare a sustainable community [9]. 

Construction industry has been identified as 
one of the largest consumer of natural resources, 30-
40 % of global energy consumption, responsible for 
30-40% of energy-related greenhouse gas emissions,
and accounting for about 12% of water consumption
and almost 45-60% of waste [10-11] thus, construction 
industry is the largest section with energy and water
savings opportunities too [12].
Accordingly, green building assessment could be an
important tool to encourage sustainable development
in construction sector. Assessment systems for green
building have led to emergence of a new model of the
environmental building design [13].

Numerous studies have investigated 
obstacles and possible solutions to support greenhouse 
revolution [14]. Yas and Jafar [4] in their study 
introduced the lack of experience, increasing  

the costs and required time, inefficient government  
support ,and the lack of knowledge and demand 
among the investors and users as the existing obstacles 
for development of green buildings [5].  Huo et al., 
described the five basic factors in green buildings as 
follows: 1- attention to protection of the environment, 
2- effective use of space and natural and available
resources, 3-green parking, 4- green ambient
temperature and finally, 5- the use of earth’s resources
[15]. Tazkia et al., [6] introduced the criteria for green
process management including air pollution control,
environmental management, environmental costs,
green image, and green products [16].

Barat and Haji Babaei, in a study on 
weaknesses and opportunities for green buildings 
showed that government strategies and policies 
including granting facilities and loans for novel 
construction industry would be the best strategies and 
approaches to improve green building industry in Iran 
[17]. Nekouei et al., in their study about challenges and 
opportunities of green building concluded that 
strategic orientation of government policy on the cost 
of green building is the best option and is an important 
issue to develop this industry [18]. Moradi Ahari 
identified the main criteria to achieve sustainable 
housing including access to basic facilities and 
services, profitability of economic activities, access to 
public transportation system, environmental pollution, 
quality of green belts and gardens, proper aggregation, 
strength and quality of housing, performance and 
efficiency of energy in building, as well as its identity, 
vitality ,and security [19].  

Meybudy et al., in a study on prioritization of 
green school  criteria in Iran showed that managerial 
features are the most important parameters in 
evaluating green schools [20].  Habib et al., after 
ranking parameters influencing energy consumption in 
buildings showed that windows and related materials 
are the first priority in energy saving of building [21]. 
Araqi, Ardeshir, and Behzadian also in a research on 
assessing the possibility of reduction of water 
consumption in a green building showed that the best 
strategy to implement the existing regulations and 
solutions is imposing heavy financial punishments, 
such as increasing water cost and municipal taxes [22]. 

Therefore, in this study, it is attempted to use 
analytic network process (ANP) in order to create a 



205 | IJOH | September 2020 | Vol. 12 | No3 CHOROM H. et al. 

Published online: September 30, 2020 

scientific support and a logical approach for selecting 
and developing a green building. Quantification of 
these criteria and showing their use enables the city 
managers and policymakers to take steps toward 
sustainable and green buildings. Also, it can decline 
wrong choices and also avoid interference of the non-
specialists and personal tastes in construction of the 
green buildings. Benefiting from private sector 
investment, sponsorships, and support from leading 
companies can be a big step toward accomplishing this 
goal.  

Tehran (Iran  capital) as a pioneer city in the 
use of environmentally friendly buildings has already 
established the Green Building Union. Also, the first 
green building in Iran was constructed in Tehran; thus 
this city was chosen to study prioritization of the green 
building  criteria. 

Finally, it should be mentioned that the 
novelty of this study is design and creation of a native 
and standard questionnaire to investigate the criteria of 
green buildings in Iran. This study provides a basis for 
identifying and prioritizing important factors in 
development of a green building and creating 
relationships between these criteria, which will be 
presented in the form of modeling in the next stage of 
the study.  

MATERIALS AND METHODS 

This study was a descriptive - exploratory 
study and statistical population of this study included 
the managers and experts of Tehran Municipality 
Organization. Herein, the required criteria (standards) 
for green building were measured by specific surveys 
and interviews. Totally, 11 expert/connoisseur 
members were selected from the experts in the field of 
environmental protection. All the members had the 
related expertise and knowledge and were familiar 
with topic of green building. All of them at least had 5 
years of working experience in their organizations. In 
this study, the main goal was identification of green 
building  criteria from the perspective of  

Tehran Municipality Organization  experts. Required 
data were collected from library and web sources. 
Then, according to the previous studies, green 
building  criteria were identified by the expert  
opinions using Delphi model (standard questionnaire). 
In the next step, the expert  opinions were integrated; 
therefore, methods were used for aggregation of the 
experts’ opinions and geometric average was used for 
this purpose. Then, the matter was divided into the 
criterion and sub criterion levels in order to find the 
relationships between them.  

Finding inter-criterion relationships is so 
important in this step. If there is a mutual relationship 
between the criteria, it will be considered as a network 
model. In this case, ANP technique should be used. 
Data collection tool in this level is a self-administered 
questionnaire for paired comparison so that, opinions 
of the experts were collected by the 9-point Likert 
scale reliability of which was determined using 
incompatibility rate and its validity was determined by 
content analysis with the help of the experts in this 
field.  

For performing ANP technique, at first, the 
main criteria were compared in pairs based on the 
purpose. Pair comparison is very simple and all 
elements of each cluster should be compared in pairs. 
For performing pair comparisons and creating priority 
vectors in the ANP, decision elements of any part 
should be compared with respect to their importance 
for the control criteria and the parts are also should be 
compared with regard to their effect on the main goal. 

The decision-makers were questioned by a 
series of paired comparisons and their effects. Also, if 
there was any relation and interaction between 
decision elements of one part, its effect was indicated 
on other elements using paired comparisons and 
making special vector for each element. Relative 
importance was also achieved using relative scale. Fig. 
1 shows the research levels and data analyzing process 
using Super Decisions software. 
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Fig 1. Research Steps 

Super Decisions software is decision-making 
software working based on two multi-criteria decision-
making methods. 

ANP is implemented in the Super Decisions 
software and has been applied to various problems 
related to decision-making. It is a combination of two 
parts. The first part consists of a control hierarchy or 
network of criteria and sub-criteria controlling 
interactions in the system under study. The second one 
is a network of influences among the elements and 
clusters. 

Applications may be simple, consisting of a 
single network, or complex, and also a main network 
and two or more layers of sub-networks. Each network 
and sub-network is created in its own window [23]. 

Steps to build an ANP hierarchical decision 
model using the Super Decisions software are 
presented below. 

This study was categorized as a study with 
scale development design and a combination of field 
and library methods were used to collect the required 
data. For achieving the primary list of the related 
criteria, firstly, library and web resources were used, 
the questionnaires were completed and the expert  
group meetings were held and in the next step, the two-
stage Delphi method was implemented to ensure 
correct selection of effective criteria for the green 
buildings (in accordance with local conditions).The 
Delphi method is known as a communicative process 
allowing the specialists to participate in complex 
topics effectively [24-25]. 

Related studies about Delphi method in urban 
issues have suggested employing of 8-12 members as 
an optimal number of members for two-stage Delphi 
method [26]. Because the number lower than this may 
lead to loss of necessary data; and also more members 
may cause confusion in analyzing the results [27]. In 
this regard, an 11-member group including university 
professors and related experts (employed in different 
parts of municipality and environmental protection 
organizations) was developed and then, experts’ 
opinions were questioned by a two-stage questionnaire 
about each criterion and sub-criterion. 

In the first  stage, the questionnaire entitled as 
“The Criteria Influencing Performance of Green 
Building “including primary criteria and sub-criteria 
was e-mailed to the experts. For determining the 
importance of each criterion, the 9-point Likert scale 
was used and the members were asked to rate 
importance of any criterion in a scale ranging from 
insignificant (1) to very important (9). Also, they were 
told that if they think any of criteria has no relationship 
with study objectives, they can specify it by ticking 
"Delete Criterion" option. Also, they were told that 
they could add other suggested criteria at the end of 
list too. 

In the second stage, results of analyzing the 
first questionnaire were reported in specific column in 
the second questionnaire and the members were again 
asked to rate according to the averaged results. Criteria 
with lots of “Delete Criterion” requests were specified 
to make new decision about them. Second  

literature riview

extracting green building criteria and sub-criteria

accredition of criteria and sub criteria

development of ANP questionaire and sending to experts

weighting the green building criteria by ANP method
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questionnaire was e-mailed to the experts again and 
data were analyzed finally. 

RESULTS AND DISCUSSION 

Standard criteria for green building were 
determined with regard to the related available global 
criteria in order to accommodate them with Iran’  
conditions and quantifying any selection criterion. 
Also, during inclusion of criteria, recognition,  

applicability, and ease of use were considered in 
assessing process to ensure practicality and 
performance. In the first step, screening and 
identification of the required standards for green 
building were performed. Based on the literature 
review and special interviews for screening and 
identification of final criteria, Delphi model was used 
so that, according to below tables, totally, 8 main 
criteria and 26 sub-criteria were identified.
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Table 1. Green building Criteria and sub-criteria 

Row Criterion Sub- criterion Row Criterion Sub- criterion 

Energy 
consumption 
management 

Use of solar energy 

6 Indoor quality 

Strength and stability of 
the building against 

vibration 

Building orientation 
The beauty of the 

building 

Brightness reduction 
systems 

Fire alarm and 
extinguishing system 

High energy activities 

Air conditioning system Cooling and heating 
systems 

Type of energy 
saving lamps 

Thermal and acoustic 
insulation 

Water 
consumption 
management 

Reduction in water 
consumption 

green space irrigation 
method 

Installation and 
inspection of counter 
and leakage control 

Building parking 

Gray water separation 
system 

7 Environmental 
quality of the area 

green space of sector 

Rainwater collection 
system 

Proximity to public 
transport 

Waste 
Management 

Existence of a 
reduction waste 

And production plan 

Existence of suitable 
space 

To play Kids 

Waste segregation 
Existence of a 

convenient route for 
walking and cycling 

Sewage 
management 

sewage disposal 
method sector parking 

material 
Renewable and 
environmentally 

friendly materials 
8 Education and 

culture 
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Consequently, all the identified indicators 
were used as green building  criteria. After 
identification, these elements were classified into 8 
categories including energy consumption 
management, water consumption management, waste 
management, waste water management, materials,  

indoor space quality, environmental quality, 
education, and culture. As mentioned before, ANP was 
used to prioritize the green building  criteria. 
For weighting the green building  criteria, ANP 
approach was used. Final weight for criteria is shown 
in Figure 2. 

Fig 2. Prioritization of Green Building Criteria 
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Table 2. weighting green building criteria and sub-criteria 

Row The main 
criterion Weight Row Sub criterion Weight incompatibility 

rate 
Education and 

culture building 0.223626 No sub- criteria 

2 
Energy 

consumption 
management 

0.178912 

2-1 Use of solar energy 0.293 478 

0.098 

2-2 Building orientation 0.214 384 

2-3 Cooling and heating systems 0.194368 

2-4 High energy activities 0.115967 

2-5 Type of energy saving lamps 0.095524 

2-6 Brightness reduction systems 0.086279 

Water 
consumption 
management 

0.170891 

3-1 Reduction in water 
consumption 0.486958 

0.09 
3-2 Installation and inspection of 

counter and leakage control 0.213623 

3-3 Gray water separation 
system 

0.156821 

3-4 Rainwater collection system 0.142598 

Waste 
Management 0.166068 

4-1

Existence of a reduction 
waste 
And production 
plan 

0.666667 
0 

4-2 Waste segregation 0.333333 

Sewage 
management 

0.145846 5-1 sewage disposal method sub-criterion 

material 0.047011 6-1
Renewable and 

environmentally friendly 
materials 

sub-criterion 

Indoor quality 0.036170 

7-1 
Strength and stability of the
building against vibration 0.426834 

0.054 

7-2 Fire alarm and extinguishing
system 

0.170434 

7-3
Thermal and acoustic 

insulation 0.133247 

7-4 Air conditioning system 0.113620 

7-5 green space irrigation 
method 0.063619 
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7-6 Building parking 0.060657 

7-7 The beauty of the building 0.031589 

Environ
mental quality of 

the area 

031
476 

8-1 Proximity to public transport 0.356767 

0.062 

8-2 sector green space 0.305000 

8-3
There is a suitable space for 

children and teenagers to 
play 

0.120231 

8-4 Sector parking 0.112286 

8-5
Existence of a convenient 

route for walking and 
cycling 

0.105716 

As shown in Table 2, the main green 
building  criteria were education and culture, energy 
consumption management, water management, waste 
management, wastewater management, materials, 
quality of indoor space, and environmental quality, 
respectively. 
 In the detailed prioritizing of the green building  
criteria, sub-criteria were also mentioned as below: 

Energy Consumption Management: 

Using solar energy, orientation of the 
buildings, and cooling and heating systems, 
respectively;  

Water Management: 

Reduction of water usage, installation and 
checking the water consumption counter, leakage 
control, and the availability of system for gray waters; 

Waste Management: 

 Planning to reduce waste production and 
finally, waste separation;  

Quality of the Indoor Space: 

 Stability and sustainability of the buildings 
against vibration, fire alarm and extinguishing system, 
and thermal and acoustic insulation; 

Environmental Quality: 

Distance to public transportation, availability 
of the green areas, and suitable places for children and 
adolescent  playing were among the prioritized sub-
criteria, respectively. 

DISCUSSION 

Identification of the factors influencing 
performance of green buildings is very important in 
making basic decisions for design of green buildings. 
The previous studies have reported about effective 
technologies for site design and its future 
developments. However, no comprehensive analysis 
has been done about important green building  criteria. 
Hence, this study was implemented aimed at 
identifying and prioritizing the important factors in 
green building design as a result of which, 8 main 
criteria and 26 sub-criteria were selected and analyzed 
finally. 

The results showed that education and culture 
are of the highest priority among green building  
standards. As the environment has been made based on 
cultural indicators, therewith environmental problems 
always have a cultural root. Education is one of the 
essential strategies to rectify these problems. 
Education is the major tool for making social change, 
revolution, and development and is the most effective 
factor in changing behavior, insight, and attitude of the 
people and in this context, human resources is one of 
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the important bases for environmental protection. In 
fact, the issue of culture and its influence on the 
environment is one of the main aspects of sustainable 
development and it is the first step to fulfill this goal. 
For achieving the mentioned goals, there is a need to 
establish the concept of environmental culture, as a 
type of culture that recognizes changing and complex 
communications and reacts to them sensitively. For 
creating this type of culture, revision should be made 
in the educational and cultural methods and systems. 
Thus, providing the required education is necessary to 
change behavior and create an environmentally 
friendly culture.  

Energy management is the second priority for 
design of green buildings. In accordance with this 
result, today we can see rising cost of energy and 
importance of energy management in the building 
much more than before. In this regard, for minimizing 
the negative effects on the environment, different ways 
have been applied, such as optimizing location of the 
building, using energy conservation methods, 
optimizing orientation of the building, and design and 
control of indoor colors to maximize the use of natural 
light [28]. Considering this priority is in accordance 
with reduction of energy consumption, producing less 
greenhouse gases, and the use of renewable energy 
sources. Therefore, conserving energy resources, 
preventing soil and environmental pollution, reducing 
fossil energy consumption by finding climate 
potentials, and using renewable energy are among the 
main goals of new architects, civil engineers, and 
environmental engineers. 

Water management was ranked the third 
among green building  criteria. According to the 
previous studies, there is a need for fundamental 
changes in human  activities, especially in relation to 
the concept of sustainability and sustainable 
development in all the human  activities and also 
consumption of natural resources to reduce the effects 
of global warming and climate change [29-30]. 
Sustainability criterion usually is used in ranking of 
the buildings including various aspects of water 
management ,such as water usage, reducing water 
consumption, monitoring of water usage, using 
efficient connections (and pipes), and efficient use of 
gray water and rainwater [31]. Availability of these 
systems can help to reduce production of waste water 
also it may improve shortage of water and local 
protection of the environment [32]. The use of the 

systems for collecting and treating the rain water can 
lead to more efficiency and better management.  

Waste management had the fourth priority 
among green building  criteria. According to the world 
health organization (WHO), solid waste disposal is 
one of the most important problems caused by urban, 
rural, and industrial development. Waste disposal is 
known as one of the most important and common 
methods to control this problem, because this method 
is simpler and cheaper than other methods, while there 
is no need for sophisticated technology and skilled 
labor [33]. Solid waste management includes various 
methods to reduce the volume of solid waste including 
reuse, recycling, and reduction of waste production at 
source and composting stages [34]. In green buildings, 
the use of sustainable materials, such as recycled glass 
and steel, as well as the use of recoverable materials 
like bamboo and plastic can help in better waste 
management. 

Waste water management was selected as the 
fifth priority in green buildings. Although in 
developed countries, waste water control is almost at 
standard level, but in the low- and medium-income 
countries, still there are major problems about waste 
water management [35] so that, prior studies have 
shown that approximately 4 billion of the world's 
population (two-third of total population) have no 
access to waste water system; [36] because most of the 
countries still prefer the water supply to waste water 
sanitation (and its direct profit to indirect one) [37]. In 
green buildings, creating waste water collection and 
treatment system and reuse of water from the process 
like using flash tank, cooling tower, and watering the 
plants would reduce the risks related to release of 
waste in nature, which in turn retains more sources of 
water and declines the cost of water consumption.  

Building materials was ranked the sixth 
among green building  criteria. Generally, renewable 
materials and compounds are used more than non-
renewable compounds in construction of green 
buildings because, their influences are considered 
during the building's life. In addition, green building 
materials generally reduce maintenance and 
replacement costs over the building  life, conserve 
energy and improve health and productivity of the 
building  occupants. Green building materials can be 
evaluated by characteristics ,such as reuse, recovery, 
reduction or zero emission of harmful gases, reduction 
or removal of toxicity in materials, the ability for rapid 
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and continuous renewability, the use of local 
materials, recyclability, durability ,and longevity [38]. 
A green building is designed with regard to the use of 
natural materials, the ability and ease of use of local 
materials, lack of using toxic substances, and energy 
efficiency [39]. 

The seventh rank in green building  criteria 
was given to one of the most important components of 
human  benefits related to green building, “the indoor 
environmental quality (IEQ)”. [7] IEQ is dealt with 
release of volatile organic compounds and other 
pollutants in interior space of the building [40]. Thus, 
IEQ is one of the prominent features in green building  
evaluation tool [41]. Lee Mann and Bordas (2007) also 
showed that green building  users tend to be more 
tolerant than the users of conventional buildings in 
terms of indoor quality [42]. Building user  
satisfaction is closely related to thermal comfort, 
which is a complex dynamic of temperature and 
humidity [43-44-45]. This concept has encouraged 
many researchers to simulate and measure the level of 
thermal comfort in green buildings compared to 
conventional buildings. Psychological, physiological, 
cultural, and behavioral factors can also play an 
important role in adaptation with thermal comfort [46]. 
Finally, the results showed that environmental quality 
of the region had the least priority among green 
building  criteria. Urban environmental quality (UEQ) 
is a concept derived from human and nature-related 
factors that works spatially at different scales [47]. It 
is also an indicator for measuring the degree of 
suitability of the environment and is a multi-
dimensional feature [48]. Generally, in accordance 
with the WHO, UEQ [11] is one of the main 
dimensions of quality of life that focuses more on 
physical and natural environment [49]. Urban 
environments provide areas where people are exposed 
to incompatible environmental conditions, such as 
noise, air pollution, external security, congestion, and 
the lack of facilities therefore, management of urban 
environments is vital [50]. 

It should be mentioned that because statistical 
population of the study included the experts, university 
professors, and managers with related education, 
limited access to them and their time limitations to 
complete the questionnaires were the main limitations 
of this study. As a result, there was a need for making 
repeated calls and sending emails in order to have 
access to them.  

Another limitation of the research was the 
lack of scientific and applied resources in the field of 
green building studies in Iran and other countries, 
which can be attributed to the novelty of this field. 
According to importance of this issue, it is predicted 
that proper scientific resources will be published 
gradually around the country and world. 

For addressing the scientific knowledge gaps 
in the field of green building  criteria, it is suggested 
to prioritize the green building  criteria by other 
techniques and its results can be compared with the 
results obtained from the ANP method. 

CONCLUSION 

According to the above-mentioned results, it 
can be concluded that, education and culture, energy 
management, water management, waste management, 
wastewater management, materials, and building  
indoor quality and environmental quality are among 
the most important criteria for green buildings, 
respectively. 

Thus, the following suggestions can be 
helpful: 

According to importance of education and culture
in the field of green buildings, review of the new
ideas and standpoints about environmental
protection highlights the fact that changes in life
style can provide a suitable environment for life
and work, with the less negative ecological effects.
Identification, cooperation, and partnership with
the groups, forums, unions, and local organizations 
to restore the existing buildings or designing and
constructing new green buildings (for example,
buildings for environmental protection
organizations, factories, and universities)
Compilation and publishing the examples from
green buildings (best practices) for public and
persuading and encouraging them to develop green
buildings
Encouraging scientific associations, universities,
and counseling executives and centers to create
thought and design rooms for elaborating on green
buildings' scopes
Due to high capacity of energy saving in the
country and specialized activity of energy
optimization, “Energy Services Insurance" will
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help to create strong business climate in the energy 
sector. 
The government can reward the builders and
buyers to motivate them for development of green
buildings. In other words, the builders and buyers
can receive subsidies for several years. The
government also must ensure that the Standards
Institute maintains its authority on endorsing
implementation of the standards.
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