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BACKGROUND AND OBJECTIVES: The reliance on fossil fuels has led to significant 
environmental pollution, directly impacting public health and making breathing difficult 
for many. Also, the high density of environmentally damaging gases from fossil fuels in 
the earth’s atmosphere has prevented heat from escaping from the earth’s surroundings 
and intensified greenhouse effects. At the same time, it should be noted that oil and its 
derivatives are considered valuable national assets of the country, and their non-optimal 
consumption will cause irreparable losses. As a result, experts have suggested that clean 
energy must replace fossil fuels to reduce environmental pollutants.
METHODS: This study employs a comprehensive methodology involving library studies, 
including academic articles and government reports, and then a multi-criteria decision-
making analysis based on an analytical network process, a Delphi questionnaire, and the 
participation of experts to identify the main criteria for sustainable urban development 
using biomass energy. These criteria include ecological limits, social sustainability and 
higher quality of life, justice and equality, social profit and loss, renewable energy 
sources, pollution reduction, and economic progress. The authors used the Analytic 
network process method and Super Decisions software to rank these criteria.  
FINDINGS: Based on the Super Decisions program, social benefits and losses have equal 
weight and are 1.0, the highest ranking. Ecological constraints are ranked second, with 
a weight of 0.787998. Social sustainability weighs 0.787509, placing third. Justice and 
equality weigh 0.455988, ranking fourth. This indicates that the principles of sustainable 
urban development are important and successful, as assessed by this study.
CONCLUSION: This study emphasizes the importance of developing biomass energy 
in Iran, particularly in Mashhad, to reduce reliance on fossil fuels, enhance social 
sustainability, and improve environmental health. Despite Iran’s potential in biogas 
production, the abundance of fossil fuels and lack of a unified authority have hindered 
progress. The research identifies key factors for sustainable urban development through 
biomass, such as social sustainability, ecological limits, and justice. Future research 
should include field studies, policy analyses, and economic assessments to create a 
more comprehensive framework for biomass energy development in Iran.
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INTRODUCTION
Renewable energy is crucial for sustainable 

development (Ordoo et al., 2023). The population 
of rich countries has grown considerably since 1950. 
According to statistical research and breakdowns, 
about half of the population lives in cities (Rezaei et 
al., 2024). Population expansion in cities owing to 
unrestricted migration raises several concerns. To 
address this issue, the United Nations must meet 
its 2030 and 2050 targets for reducing Green House 
Gas (GHG) emissions and mitigating climate change 
(Issa Zadeh & Garay-Rondero, 2023). In addition, 
when cities were founded, rules, regulations, and 
laws were needed to govern residents’ biological 
and psychological-social lives (Mashhadi et al., 2023) 
(Jahanbakhsh Mashhadi et al., 2024). Cities are the 
hub of civilization, buzzing with economic and social 
activity. As science and technology have improved, 
city people’s lifestyles and livelihoods have changed. 
Urban settlement growth and population have shown 
human progress (Melchiorri et al., 2018). However, 
Cities in high-income nations, such as the United 
States and Europe, have undergone quick urbanization 
processes and attained high levels of density. Low- 
and middle-income nations’ cities, which account 
for 90% of global urbanization, are set to begin, and 
these countries have already built major cities such 
as Beijing, Jakarta, Delhi, and Manila (Sun et al., 2020) 
(Zhang et al., 2022). As a result, global urbanization 
has brought scholars’ and governments’ attention 
to city sustainability. However, urban sustainability 
is unachievable without understanding sustainable 
urban development indicators’ international and 
national relevance (Amoushahi et al., 2022). On 
the other hand, Biomass energy is one of the most 
appropriate renewable sources, historically used and 
environmentally acceptable. Biomass has a distinctive 
role and is among the principal renewable energy 
sources (Tursi, 2019). Besides, biomass is the fourth 
most prominent energy source after fossil fuels, coal, 
oil, and natural gas. It is used for heat (wood heaters 
in households and heat and hot water in industry), 
cooking (mainly in underdeveloped countries), 
transportation (biofuels, ethanol, and biodiesel), and 
electricity generation. Biomass is a renewable organic 
resource from living organisms’ activities (plants, 
algae, and animals). It has significant combustion 
flexibility and stability due to its high volatile matter 
concentration (80% versus 20% in fossil fuels) (Agbor 

et al., 2011). Therefore, biomass may be burnt 
directly or transformed into solid, gas, or liquid fuels 
via biochemical and thermochemical processes. It has 
10–40% greater energy density than fossil fuels. In 
contrast, it is a cheap and vital energy source (Nunes 
et al., 2020). Research shows that more energy will 
be needed in the coming years due to the growth and 
consequent urbanization, as well as the economic 
reforms common in this century in many countries 
worldwide (Turkenburg et al., 2012). Therefore, 
hydropower facilities, coal, or fossil fuels must provide 
this demand, which is difficult for many developing 
nations. Many nations have or will cultivate biomass 
resources (Al-Hamamre et al., 2014). Consequently, 
urban community health is one of these components. 
Based on characteristics of urban community health, 
this research analyses biomass energy use and its 
impact on sustainable urban development. Mashhad, 
a city in northeast Iran, is a case study of this research. 
The subject pertains to the effects of biomass energy 
use on Mashhad’s sustainable urban development. 
As a result, this manuscript’s “primary objective” is to 
evaluate sustainable urban development factors and 
their determinants through using biomass energy. The 
“methodology” employed in this research involves a 
literature review and analytical approaches, utilizing 
multi-criteria decision-making techniques, precisely 
the Delphi method and the  Analytical Network 
Process (ANP). The authors found that utilizing 
Multi-Criteria Decision-Making (MCDM)  to study 
the effects of sustainable urban indicators can be 
considered a “research gap.” On the other hand, 
this analysis, employing the Delphi approach and 
ANP, may be illustrated as the “novelty of the issue.” 
The study’s “target audience” comprises academics, 
stakeholders, relevant industry professionals, 
and policymakers involved in urban sustainable 
development challenges. The following section 
briefly explains the literature on the importance of 
biomass energy and its usage in urbanism. The aims 
and objectives of this study are sustainable urban 
development through biomass energy, focusing on 
reducing fossil fuel dependency, enhancing social 
sustainability, and improving environmental health. 
It identifies and ranks key criteria like ecological 
constraints, justice, and economic progress using 
the Delphi method and ANP to guide policymakers 
and stakeholders. The next section includes the 
methodology used in the research study and the 
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materials used. In this regard, the findings are first 
outlined and subsequently, an attempt is made 
to interpret the results. The final section clarifies 
the preliminary conclusions and limitations of the 
study, along with some recommendations for future 
research efforts.

MATERIALS AND METHODS
Literature review

Using biomass as an energy source emits CO2, 
much as fossil fuels. However, the quantity of pure 
CO2 created in the atmosphere eventually falls to zero 
since the CO2 released during biomass burning 
matches the amount absorbed by plants during 
photosynthesis (Adetona & Layzell, 2023). 
Furthermore, using biomass as an energy source 
helps to minimize greenhouse gas emissions and 
global warming. Biomass is humanity’s oldest source 
of energy. This energy-carrying product constantly 
stores solar energy and may be directly or indirectly 
turned into liquid fuels. All biofuels are derived chiefly 
from biomass (Abbasi & Abbasi, 2010). Moreover, 
Traditional fuel costs are continually growing and 
fluctuating, and their emissions contribute to 
environmental degradation. As a result, biomass, as a 
sustainable energy source, is required to fulfill 
society’s diversified energy requirements and has the 
potential to replace fossil fuels (Tursi, 2019). In 
addition, the global biomass power market increased 
from 41.44 billion USD in 2022 to 45.17 billion USD in 
2023, with a Compound Annual Growth Rate (CAGR) 
of 9.0%. It is estimated to reach 61.32 billion USD by 
2027, growing at a CAGR of 7.9% (Agbor et al., 2011). 
In 2022, Western Europe dominated the biomass 
energy industry, with Asia-Pacific coming in second. 
The biomass power market study focuses on Asia-
Pacific, Western Europe, Eastern Europe, North 
America, South America, the Middle East, and Africa 
(Nunes et al., 2020). The biomass power market is 
growing due to increased government assistance 
through subsidies and other regulations. New 
government regulations are being implemented to 
encourage sustainable power generation because of 
rising worries about climate change and the increase 
in GHG levels in the atmosphere caused by using 
traditional fossil fuels like coal and oil. For example, in 
India, the Ministry of New and Renewable Energy’s 
National Biogas and Manure Management Program 
(NBMMP) offers subsidies for establishing home 

biogas plants, primarily for rural and semi-urban 
families. The initiative is carried out by state nodal 
authorities and organizations, including the Khadi 
and Village Industries Commission (KVIC) and Biogas 
Development and Training Centres (BDTC). It offers 
subsidies of up to 17,000 rupees ($230) for 
establishing biogas plants (Xin-gang et al., 2023). 
However, the biomass power market is projected to 
be limited as alternative energy sources such as solar, 
wind, and geothermal become more competitive. 
Unlike wind power plants, biogas facilities are more 
vulnerable to cold weather since digesters require 
thermal energy to produce biogas continuously. The 
ideal temperature for bacteria to digest waste 
products is around 37°C. More thermal energy is 
required to continue output at temperatures lower 
than this threshold (Al-Addous et al., 2017). 
Additionally, solar and wind power facilities rely on 
readily available raw resources. In contrast, biogas 
production is only practicable in rural locations where 
raw materials such as agricultural, manure, green, or 
food waste are readily available, which is acceptable. 
As a result, the popularity and simplicity of 
maintenance of other energy sources, such as solar, 
wind, and geothermal, restrict the expansion of the 
biomass electricity industry (Sayed et al., 2021). 
Moreover, companies in the biomass electricity 
sector are exploring novel ways to create electricity, 
including biogas hybrid power plants. These facilities 
mix biogas with other renewable energy sources, 
such as solar power. Combining solar energy with 
biogas lowers the operating costs and labor necessary 
to manage agricultural waste. In 2020, Green Genius, 
a sustainable energy firm, opened a new biogas plant 
in Belarus, continuing this trend. In addition to 
providing green power, the new biogas facilities 
remove the stink from pig farms and convert organic 
waste into odorless liquid fertilizer. Green Genius 
develops sustainable energy projects (solar and 
biogas) in six European markets: Lithuania, Poland, 
Ukraine, Belarus, Spain, and Italy (Biomass Electricity 
Market Statistics, Growth Revenue, Outlook By 2033). 
On the other hand, A. Mersal’s research shows that 
environmental planning is a practical requirement for 
creating a sustainable urban environment. With 
environmental planning, human needs are met, 
natural resources are used most effectively and 
sustainably, and environmental balance is achieved 
as far as practicable. This planning has countless 
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benefits, including protecting the environment, 
creating healthy ecosystems, removing environmental 
pollution, and creating green spaces (Mersal, 2016). 
Additionally, urban residents worldwide increasingly 
advocate for improved environmental conditions. 
They seek clean air, water, noise reduction, more 
vegetation, habitat protection, and stable soil 
conditions, contributing to improved health and 
quality of life (Alligood & Edelman, 2008). C. Tonne et 
al., (2021) identify strategies to enhance health 
through sustainable urban development, such as 
integrated planning, evidence-based policymaking, 
and policy implementation monitoring (Tonne et al., 
2021). Moreover, effective governance and justice-
based planning are critical for moving toward 
sustainable, healthy, and equitable urban 
development. Cities’ physical expansion follows many 
geographical patterns, typically in urban sprawl, 
which are generated by multifaceted factors and have 
complex economic, social, and environmental 
consequences. The necessity to limit urban sprawl 
and its numerous negative implications by 
encouraging dense urban growth and urban 
densification reuse has received widespread attention 
in science and policy (Artmann et al., 2019). According 
to the research by Al-Kayiem et al., (2021), one of the 
most significant problems of sustainable urban 
development is guaranteeing a sustainable energy 
supply while avoiding negative environmental 
consequences. For example, the European Union 
Directive 2009/28/EC established a goal of obtaining 
20% of total energy from renewable sources by 2020. 
This directive primarily addressed energy products, 
food waste recovery, and leftovers from agricultural 
and industrial processes (Al-Kayiem et al., 2021). Due 
to the ongoing global population growth and the 
development of climate change circumstances, the 
research and implementation of sustainable biomass 
production technologies are becoming increasingly 
important to create a lucrative and sustainable 
bioeconomy (Usmani et al., 2021). Likewise, green 
technologies, such as biofuels and bioproducts, are 
among the most effective options for lowering GHG 
emissions and addressing global warming while 
fulfilling human energy demands. Biomass now offers 
energy for many nations; however, accompanying 
technologies have yet to be broadly implemented 
due to low biomass production returns (Antar et al., 
2021). According to the study, Popp et al., (2021) 

stated that biomass provides a clean and renewable 
energy source that can cause economic progress and 
reduce pollution (Popp et al., 2021). However, in the 
case of sustainable urban development, according to 
the research by Gavaldà et al., (2023), the 
characteristics of a sustainable city are attention to 
the significant environmental limitations, social 
sustainability and high quality of life, and 
comprehensive views, a new ethical framework, 
justice and equality (social justice), profit analysis, 
and social and environmental damage (Gavaldà et al., 
2023). Oryan and colleagues identified and ranked 
the main development priorities for solar energy, 
wind turbines, and biomass using the Analytical 
Hierarchy Process (AHP) method. The identification 
and ranking are presented in five axes: 1. Economic 
and financial, 2. Cultural and social, 3. Policy and 
regulations, 4. Technical, and 5. Structural (Ordoo et 
al., 2022). Additionally, energy in the domestic market 
used to be heavily subsidized. The subsidies burdened 
Iran’s economy, leading to wasteful energy 
consumption since low energy prices did not 
incentivize efficient energy use. (Ziyaei et al., 2021) 
(Issa Zadeh and Rezaei, 2024). In summary, after 
reviewing the research background, the authors 
determined that the following directives for 
sustainable urban development exist in the literature: 
reducing emissions, ecological constraints, justice 
and equality, comprehensive views, foresight in 
decisions, financial development, social sustainability, 
and a higher quality of life, social profit and loss, a 
new ethical framework, and biomass as renewable 
energy sources. The methodology of the research 
study will be presented and discussed in detail in the 
following section.

Methods
This research method consists of two stages after 

extracting the research criteria. In the first stage, the 
extracted criteria are screened by experts according 
to the research topic, and then the  requirements 
are ranked using the ANP technique. Each method is 
explained in detail in the following paragraphs.

Delphi questionnaire
The Delphi questionnaire is a typical instrument 

for getting expert opinions from experts and managers 
to identify the importance of and screen indicators. 
Designing a Delphi methodology questionnaire is 
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quite straightforward. To build a Delphi methodology, 
first define its goal. The Delphi approach has two 
goals: prediction and screening. Most management 
students utilize the Delphi approach to screen talks. 
In other words, this questionnaire aims to select the 
most significant indications from a list of indicators 
(Ren et al., 2019).

 ANP method
ANP and AHP are both MCDM methods. The ANP 

technique, unlike AHP, considers dependencies or 
links between criteria, sub-criteria, or alternatives. 
While AHP presupposes a tight hierarchical structure, 
ANP is intended to solve issues in which such elements 
interact to produce a network structure. In essence, 
AHP is a variant of ANP that is appropriate only when 
the criteria and sub-criteria are independent. ANP is 
a better solution for situations with interdependent 
criteria or sub-criteria since it supports networked 
interactions that AHP does not. The ANP technique 
provides a robust and complete framework for 
decision-makers to make accurate decisions based 
on factual facts or subjective assessments (Saaty, 
2004). ANP streamlines complicated decision-making 
processes by structuring and arranging several 

factors and analyzing their relevance and preferences 
among alternatives. In this study, the ANP approach 
was developed using Super Decisions software. The 
flowchart of the study is in Fig. 1.

1. Making a research network diagram: This stage 
involves dividing the problem into criterion levels, 
sub-criteria, and choices, if any, and determining their 
linkages. The presence of links between standards 
is an essential consideration in this stage. These 
connections can be defined in several ways. You can 
choose the link between standards by consulting 
experts or using the Dimethyl or ISM approaches.

2. Forming the matrix of paired comparisons: At 
this point, the components of each level are compared 
pairwise to other related elements at a higher level, 
resulting in the formation of pairwise comparison 
matrices. Finally, a pairwise comparison of internal 
linkages will be made. The 9-point spectrum Mr. 
Saaty provides below should answer these pairwise 
comparisons in Table 1.

3. This numerical scale assists in making more 
precise judgments when comparing criteria and sub-
criteria by allowing for a nuanced assessment of their 
relative importance. For instance, if you compare two 
criteria and find that one is significantly more critical 

 
 
 
 

Fig. 1: The study flowchart 

  

Step 1 •Problem Identification

Step 2 •Research Objectives

Step 3 •Literature Review

Step 4 •Methodology Selection

Step 5 •Data Collection

Step 6
•Data Analysis

Step 7 •Results Interpretation

Step 8 •Validation and Sensitivity Analysis

Step 9 •Conclusions and Recommendations

Step 
10

•Future Research Directions

Fig. 1: The study flowchart
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but not to the extent of being classified as “strongly 
preferred” (7), you might use the value 6. This 
flexibility enables you to make decisions that more 
accurately reflect the preferences and importance 
of the various elements within the decision-making 
process.

4.  Calculating the incompatibility rate: In this step, 
the authors calculate the ANP inconsistency rate. 
If this rate is less than 0.1, it indicates the matrix’s 
consistency.

5. Forming the initial super matrix: The authors 
form the initial supermatrix using the weights 
obtained from pairwise comparisons, which are the 
weights obtained in step 2 from pairwise comparisons.

6. Creation of a balanced super matrix: The 
balanced super matrix must be created after creating 
the initial supermatrix.

7. Creation of the limit supermatrix: The weighted 
supermatrix must be raised to infinite power so that 
each row converges to a number, and that number 
is the weight of the criterion, sub-criterion, or option 
(Saaty, 2004). The results obtained from the proposed 
method are presented below.

Methodology Fuzzy Delphi technique algorithm for 
screening

The fuzzy Delphi technique is valuable for 
determining the importance of criteria and 
identifying critical ones. Compared to the traditional 
Delphi technique, one of its key advantages is the 
ability to summarize and rank items remotely, 
making it highly efficient for screening purposes. The 
Delphi technique used in this study involved expert 
assessment and consensus building through iterative 
rounds. Experts assessed the importance of criteria 

related to sustainable urban development using 
biomass energy. This process follows the fuzzy Delphi 
method, which usually requires 2 to 3 rounds until 
a consensus is reached. This paper conducted three 
rounds back and forth to conclude.

The algorithm for the fuzzy Delphi technique 
involves the following steps:

1. Defining a suitable fuzzy spectrum to represent 
linguistic expressions. 

2. Performing fuzzy summation of the fuzzified 
data.

3. De-fuzzifying the values to obtain crisp scores.
4. Selecting threshold intensity to screen and filter 

criteria.
To effectively use the fuzzy Delphi technique for 

screening, the first step is establishing an appropriate 
fuzzy spectrum to translate respondents’ linguistic 
expressions into fuzzy values. For this purpose, it 
is possible to use the methods of developing fuzzy 
spectra or joint fuzzy spectra. For example, the 
triangular fuzzy spectrum for a five-point Likert scale 
on the importance of criteria is as follows in Table 2:

This standard method is used in this research. 
Expert opinions are collected after selecting or 
creating a suitable fuzzy spectrum. In the second 
step, experts’ opinions should be analyzed. Several 
methods have been proposed for fuzzy aggregation 
of experts’ opinions. If an expert’s opinion is 
represented as a triangular fuzzy number (l, m, u), 
the simplest way to calculate the fuzzy average of 
experts’ views is Eq.1 (Habibi et al., 2015):

,                                                                    (1) 

where:

Table 1: Preference values for pairwise comparisons (Habibi et al., 2015). 

 

 

Preferences Numerical Value 
Preferable, totally more cri�cal, or desirable 9 
Extreme preference, importance, or desirability 7 
Strong preference, importance, or desirability 5 
� li�le preferred, a li�le more cri�cal, or a li�le more desirable 3 
Equal preference, importance, or desirability 1 
Preferences between the above intervals 2،4 ،6،8 

 
  

Table 1: Preference values for pairwise comparisons (Habibi et al., 2015).

Table 2: Triangular fuzzy numbers with a five-point Likert scale (Habibi et al., 2015).  
 

 

Very important Important medium unimportant very unimportant 
(0.75,1,1) (0.5,0.75,1) (0.25,0.5,0.75) (0,0.25,0.5) (0,0,0.25) 

 
  

Table 2: Triangular fuzzy numbers with a five-point Likert scale (Habibi et al., 2015).



519

Int. J. Hum. Capital Urban Manage., 10(3): 513-526, Summer 2025

•  represents the sum of all L-components 
across the vectors

•   represents the sum of all m-components
•  represents the sum of all u-components
• n is the total number of vectors
• This gives the average  as a vector, with each 

component averaged independently.
The values should be de-fuzzified after the fuzzy 

aggregation of experts’ opinions. The researcher 
finally converts the final fuzzy values into a clear 
and understandable number using different 
methods, using the fuzzy approach. A clear value, 
the best means, can typically sum up triangular and 
trapezoidal fuzzy numbers. This operation is known 
as fuzzification. There are many complex methods 
for de-fuzzification. One of the simplest methods of 
de-fuzzification is average triangular fuzzy numbers. 
In the following formulas (Habibi et al., 2015), the 
defuzzification process is illustrated Eqs. 2-6:

                                                                    (2)

                                                                           (3)
 

                                                                         (4)

                                                                         (5)

Crisp number = , � (6)
Where: 
• L, M, and U are the values to be averaged,
• ​ is the resulting mean value, calculated as the 

arithmetic average of L, M, and U.
• ​ is the resulting weighted mean.
• ​ is the resulting weighted mean.
• represents the crisp number.

• This expression selects the highest value among 
,  as the “crisp number” 

The values do not change significantly and are 
always close to M. M, which is the average calculated 
by adding the potential values of m from several 
triangular fuzzy numbers. However, the precise 
value is deemed the highest. A threshold should be 
calculated after selecting the suitable procedure 
and filling the screening data. This threshold is 
generally 0.7. However, it changes depending 
on the researcher’s judgment in each study. The 
requirement is satisfied when the precise value of the 
unfuzzification of the collected expert views exceeds 
the threshold. It is eliminated if the criterion exceeds 
the threshold (Habibi et al., 2015).

RESULTS AND DISCUSSION
The first step in this research was identifying and 

finally confirming variables using the fuzzy Delphi 
method, a quantitative research approach employed 
in descriptive studies and a tool for identifying 
variables (inputs and outputs). For this purpose, the 
most important variables were identified through a 
comprehensive theoretical review. These variables 
were then analyzed by a consensus of experts 
using the fuzzy Delphi method, with the results 
summarized below. In this technique, the expertise 
of the experts holds greater importance than their 
number. Typically, the number of experts involved is 
fewer than 50, ranging from approximately 5 to 20 
participants. In this process, the identified variables 
are first presented to the experts for evaluation. The 
results of their evaluations are detailed in Table 3.

According to Table 3, Since the threshold value 
equals 0.159, the criteria of comprehensive and 

Table 3: The results of the fuzzy Delphi questionnaire. 

 

Criterion  Score Rank 
Biomass is a renewable energy source  3 1 
Reducing emissions  3 1 
Financial development  3 1 
�cological limita�ons  2/8 5
Social sustainability and a higher quality of life 3 5 
�us�ce and equality 2/8 5 
Social and environmental benefits and losses 2/6 7 
Comprehensive views  0/133 10
A new ethical framework  0/133 10 
Foresight in decisions  0/133 10 

 
  

Table 3: The results of the fuzzy Delphi questionnaire.
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holistic perspectives, a new ethical framework, and 
future perspectives in decisions are excluded from 
the research. Fig. 2, This figure is a concept map 
illustrating the various impacts and considerations 
associated with the “Use of biomass energy.” It 
breaks down into three main branches:

1. Financial development: This branch explores 
the implications of biomass energy use on economic 
growth and is further connected to four specific 
areas:

- Social and environmental benefits and losses: 
This suggests that financial development through 
biomass energy could have mixed outcomes for 
society and the environment.

- Justice and equality: This indicator indicates the 

importance of fair access and distribution of resources 
as financial growth progresses with biomass energy.

- Social sustainability and a higher quality of 
life: This section highlights the potential of financial 
development to improve living standards and societal 
stability.

- Ecological constraints: Acknowledges that 
ecological factors may limit financial development 
related to biomass energy.

2. Reducing emissions: This branch focuses on 
how biomass energy can help lower greenhouse 
gas emissions. It is similarly connected to four key 
considerations:

- Social and environmental benefits and losses: 
Reducing emissions has societal well-being and 

 
 

Fig. 1: ANP model after criteria screening. 
  

Use of biomass energy

Financial 
development

Social and environmental 
benefits and losses

Justice and equality

Social sustainability and a 
higher quality of life

Ecological constraints

Reducing 
emissions

Social and environmental 
benefits and losses

Justice and equality

Social sustainability and a 
higher quality of life

Ecological constraints

Renewable 
energy sources

Social and environmental 
benefits and losses

Justice and equality

Social sustainability and a 
higher quality of life

Ecological constraints

Fig. 2: ANP model after criteria screening.
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environmental health implications.
- Justice and equality: Reducing emissions with 

biomass energy could affect equitable access and 
social justice.

- Social sustainability and a higher quality of life: 
Emission reductions may contribute to overall quality 
of life and societal stability.

- Ecological constraints: Ecological factors limit 
how effectively emissions can be reduced with 
biomass.

3. Renewable energy sources: This branch 
represents biomass energy as part of a broader 
transition to renewable energy and is linked to the 
same four considerations:

- Social and environmental benefits and losses: 
Renewable energy sources, including biomass, can 
bring positive and negative impacts.

- Justice and equality: Emphasizes fair access to 
renewable resources and equitable benefits.

- Social sustainability and a higher quality of 
life: The shift to renewable energy sources aims to 
enhance societal welfare.

- Ecological constraints: Notes the natural limits 
to expanding renewable energy sources like biomass.

Each branch indicates that biomass energy, while 
promising emissions reduction and renewable energy 
development, must balance multiple socio-economic 
and environmental factors.

This section examines the ranking of the essential 
criteria in this research that passed the Delphi analysis 
filter. For this analysis, experts first completed paired 
comparison questionnaires, which were evaluated 

after being entered into the Super Decisions software. 
Initially, the paired matrices and their inconsistency 
rates were analyzed to identify and exclude outlier 
data, as their inclusion could increase errors in 
the analysis. Then, the analysis method follows a 
hierarchical structure, illustrated as a tree diagram. 
First, Table 4 discusses the experts’ decisions about 
valuing the three main criteria from the perspective 
of the research’s primary goal.

In Table 4, each number indicates the share 
of superiority or non-superiority of the criterion 
according to experts compared to other criteria. For 
example, the ratio of (1 and 3), which is equal to 3.25, 
shows that, according to the experts involved in the 
plan, the parameter of renewable energy sources 
is superior to the factors of financial development 
with a ratio of 3.25. In the same way, all criteria can 
be compared to each other to obtain a degree of 
superiority. The sub-criteria of the main variables 
of the renewable energy source factors have been 
discussed, and the geometric results of the experts’ 
opinions are given in Table 5. In Table 5, each number 
indicates the share of superiority or non-superiority 
of the criteria compared to other criteria, according 
to experts. For example, the ratio (3 and 4), which is 
equal to 3.213, shows that, according to experts, the 
parameters of justice and equality affect the factors 
of social and environmental benefits, and losses are 
superior with a ratio of 3.213. The following discusses 
the sub-criteria of the main variables of pollution 
reduction factors, and Table 6 gives the geometric 
result of experts’ opinions. 

Table 4:  A pairwise outcome matrix is used for the main criteria relative to the target. 

 

 

 Financial development Reducing emissions Renewable energy sources 
Renewable energy sources 3/25 5 1.00 

Reducing emissions 0/318 1.00  
Financial development 1.00   

 
  

Table 5: Result pair matrix for renewable energy source sub-criteria. 

 

 

 
 
 
 

Renewable 
energy   
sources 

 Ecological 
constraints 

Social sustainability and 
a higher quality of life 

Justice 
And equality 

Social and 
environmental benefits 

and losses 
Ecological constraints 1.00 0.194 0.2 0.32 

Social sustainability and a 
higher quality of life  1.00 3.02 0.34 

Justice and equality   1.00 3.213 
Social and environmental 

benefits and losses    1.00 

 
  

Table 4:  A pairwise outcome matrix is used for the main criteria relative to the target.

Table 5: Result pair matrix for renewable energy source sub-criteria.
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According to Table 6, the pollution reduction 
sub-criteria, ecological constraints are 4.75 times 
more important than justice and equality, 0.194 
times more important than social and environmental 
benefits and losses, and 3.24 times more important 
than social sustainability. Also, for the variables of 
social sustainability and higher quality of life, 2.32 is 
more important than justice and equality, and 0.34 
is more important than social and environmental 
benefits and losses. Likewise, the variable of justice 
and equality is 0.33 more important than social and 
environmental benefits and losses. In the following, 
the sub-criteria of the main variables of the factors 
of economic progress have been discussed, and the 
geometric result of the experts’ opinions is given in 
Table 7. 

According to Table 7 and the sub-criteria of 
economic progress, ecological constraints are 4.6 
times more important than justice and equality, 0.317 
times more important than social and environmental 
benefits and losses, and 2.876 times more critical 
than social sustainability. Moreover, for the variables 
of social sustainability and higher quality of life, 0.199 
is more important than justice and equality, and 0.34 
is more important than social and environmental 
benefits and losses. Finally, the variable of justice 

and equality is 0.142 more important than social and 
environmental benefits and losses. The following 
discusses the sub-criteria of the main variables of the 
renewable energy source factors, and the geometric 
result of the experts’ opinions is given in Table 8.

According to Table 8 and the economic progress 
sub-criteria, ecological constraints are 0.2 times 
more important than justice and equality; ecological 
constraints are 0.194 times more important than 
social and environmental benefits and losses; and 
ecological constraints are 0.30 times more important 
than social sustainability. Furthermore, for the 
variables of social sustainability and higher quality 
of life, 3.02 is more important than justice and 
equality, and 0.34 is more important than social and 
environmental benefits and losses. The variable of 
justice and equality is 3.213 more important than 
social and environmental benefits and losses. Finally, 
according to Table 9, the weights of the main criteria 
have been investigated, and the ranking of these 
factors has been shown.

In Table 9, the highest rank is for justice and 
equality; the last is related to social sustainability 
and a higher quality of life. Ecological constraints and 
social and environmental benefits and losses rank 
second and third with a slight difference, respectively. 

 
Table 6: Result pair matrix for emission reduction sub-criteria. 

 

 

 
 
 

 
Reducing 
emissions 

 

 Ecological 
constraints 

Social sustainability 
and a higher quality of 

life 

Justice 
And equality 

Social and environmental 
benefits and losses 

Ecological constraints 1.00 3.24 4.75 0.194
Social sustainability and higher 

quality of life  1.00 2.32 0.34 

Justice and equality   1.00 0.33 
Social and environmental 

benefits and losses    1.00 

 
  

Table 6: Result pair matrix for emission reduction sub-criteria.

Table 7: Coupled matrix of results for sub-criteria of economic progress. 

 

 

 
 
 
 
 

Financial 
development 

 Ecological 
constraints 

Social sustainability 
and a higher quality of 

life 

Justice 
And equality 

Social and 
environmental benefits 

and losses 
Ecological constraints 1.00 2.876 4.6 0.317 

Social sustainability and a 
higher quality of life  1.00 0.199 0.34 

Justice and equality   1.00 0.142 
Social and environmental 

benefits and losses    1.00 

 
  

Table 7: Coupled matrix of results for sub-criteria of economic progress.
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The studies were evaluated and weighed using Super 
Decision software. Based on these results, Table 9 and 
Fig. 3 show that social profit and loss ranked first, social 
sustainability ranked second, ecological limitations 
ranked third, and justice and equality ranked fourth 
concerning the use of biomass energy in alignment 
with urban sustainability development criteria.

According to Table 10 and Fig. 4, Justice and 
Equality emerged as the top criterion, emphasizing 
fairness and social balance. Ecological constraints 
and social stability are highly prioritized for 
environmental and social sustainability. While lower 

in rank, economic progress still holds importance for 
financial viability.

CONCLUSIONS
This study underscores the critical role of biomass 

energy in achieving sustainable urban development, 
particularly in Mashhad, Iran. The findings highlight 
the pressing necessity of transitioning from fossil fuel 
dependency to clean energy alternatives, leveraging 
Iran’s rich natural resources, especially in biogas 
production. Key factors for sustainable development 
were identified, including ecological limits, enhanced 

Table 8: Result pair matrix for renewable energy source sub-criteria. 

 

 

 

 
 
 
 

Financial 
development 

 Ecological 
constraints 

Social sustainability and 
a higher quality of life 

Justice 
And 

equality 

Social and 
environmental benefits 

and losses 
Ecological constraints 1.00 0.320 0.2 0.194 

Social sustainability and a 
higher quality of life  1.00 3.02 0.34 

Justice and equality   1.00 3.213 
Social and environmental 

benefits and losses    1.00 

 
  

Table 8: Result pair matrix for renewable energy source sub-criteria.

Table 9: Weights and rankings of Sustainable Urban Development criteria based on using Biomass. 

 

 

 

Criteria  weights Rank 
�us�ce and equality  � �

Ecological constraints 0.7879 2 
Social and environmental benefits and losses 0.7875 3 

Social sustainability and a higher quality of life  0.4559 4 
 
  

Table 9: Weights and rankings of Sustainable Urban Development criteria based on using Biomass.

 

 

0 1 2 3 4 5 6

Justice and Equality
Ecological Constraints

Social Stability and Quality of Life
Economic Progress

Renewable Energy Sources
Reducing Emissions

Comprehensive Views (Excluded)
New Ethical Framework (Excluded)

Foresight in Decisions (Excluded)

Ranking of sustainable urban development criteria based on biomass 
use

Importance Weight Sub-Criteria Rank Weight

Fig. 4: Ranking of sustainable urban development criteria based on biomass use. 

Fig. 4: Ranking of sustainable urban development criteria based on biomass use.
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quality of life, justice and equality, and social and 
environmental benefits and losses. The study also 
identified three primary variables for integrating 
biomass energy: renewable energy sources, emission 
reduction, and economic progress. Notably, the equal 
weighting of social benefits and losses reflects societal 
values emphasizing fairness, justice, and inclusiveness 
in decision-making.  These insights align with global 
trends advocating renewable energy adoption to 
address environmental and socio-economic challenges. 
However, the study also revealed significant barriers 
to biomass energy development in Iran, including the 
abundant availability of fossil fuels, the lack of a unified 
governing body, and minimal emphasis on clean energy 
within the existing policy framework. Comparatively, 
international benchmarks like the European Union’s 
Directive 2009/28/EC illustrate the importance of 
legislated pathways for promoting renewable energy, a 
strategy Iran has yet to adopt effectively. This policy gap 
underscores the need for government intervention to 
establish a central authority that regulates and advances 
biomass energy initiatives. To address these challenges, 
several solutions are proposed. Establishing robust 
policy frameworks and implementing incentives aligned 
with global standards can attract investment and foster 
technical collaboration. Technological advancements 
should prioritize hybrid systems integrating biomass with 
solar or wind energy to enhance operational efficiency 
and overcome ecological constraints. Additionally, 
reallocating fossil fuel subsidies to support renewable 
energy projects and encouraging private-sector 
participation through public-private partnerships can 
bolster economic viability. Public awareness campaigns 
and community engagement initiatives are essential 
to garner grassroots support and understanding of 
biomass energy’s benefits. Monitoring and evaluation 
mechanisms should be institutionalized to ensure the 
scalability and sustainability of biomass energy projects. 

The study also identified significant scientific gaps, 
primarily due to its reliance on literature reviews and 
theoretical analyses. Future research should focus on 
empirical validation through field studies, detailed cost-
benefit assessments, and lifecycle analyses of biomass 
energy projects across different regions. Exploring the 
socio-economic impacts of biomass energy adoption, 
with particular attention to justice, equality, and 
community benefits, is essential. Comparative studies 
of biomass energy and other renewable sources under 
local conditions can refine strategies and enhance 
decision-making. In conclusion, accelerating clean 
energy development, mainly biomass, is not just a 
choice but a necessity for Iran. This transition can 
mitigate economic vulnerabilities linked to fossil fuel 
reliance while promoting environmental health and 
social equity. Government action is crucial in addressing 
institutional barriers, enacting supportive policies, and 
fostering a culture of sustainable development. By 
adopting these strategies, Iran can align with global 
sustainability goals and ensure a resilient and equitable 
energy future.
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Table 10. Ranking of Sustainable Urban Development criteria based on Biomass use. 
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�us�ce and E�uality 1.0 1 Social Benefits and Losses 3.213 
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Social Stability and Quality of Life 0.7875 3 Social Development and Stability 3.02 
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Table 10. Ranking of Sustainable Urban Development criteria based on Biomass use.
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