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ARTICLEINFO ! Abstract

The growing attention to renewable energy sources, which serve as a suitable
PP: 130-149 alternative to non-renewable fossil fuels, has led societies to shift towards
renewable energies such as solar energy. The form and spatial structure of a city
are crucial dimensions in understanding and analyzing urban environments and
are significant factors influencing energy consumption within them. The aim of
this research is to identify and evaluate the dimensions, components, and
indicators of urban form. This is an applied study with a descriptive-analytical
research method. The study’s statistical population consists of 30 experts in the
Eﬂ." E relevant field, from which 28 were selected as the sample using Cochran's
formula. The data collection methods include surveys and documentary studies,
while the data analysis method used is the MARCOS method (Measuring And
EI e Ranking Options Based On Solutions) in Excel software. The results of the study

indicate that, in terms of dimensions, climate with a score of 0.922, building
architecture with 0.837, and spatial structure and urban form with 0.734 have the
most influence, respectively. Regarding criteria, the results show that sunny
Keywords: Urban form | hours with a score of 0.991, temperature with 0.981, building block orientation
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components, renewable and optimal fagade orientation with 0.841 have the highest impact, respectively.
energy, Tabriz city, In terms of indicators, solar radiation intensity and direction with a score of
MARCOS method 0.991, and solar hour coefficients with 0.961 have the most significant effect on

the effective utilization of solar energy in Tabriz city.
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Extended Abstract

Introduction

The necessity of utilizing renewable energy
sources has increased the demand for solar
energy. In fact, renewable energy sources
serve as suitable alternatives to non-renewable
fossil fuels, prompting societies to shift
toward renewable energies such as solar
energy. The urban form and spatial structure
are crucial dimensions in understanding and
analyzing cities, significantly influencing
energy consumption. They have a profound
impact on various sectors, including
residential and non-residential buildings,
transportation, services, commercial
activities, and industry. Urban form directly
affects energy consumption, with a positive
correlation between city size and energy use.
Therefore, leveraging urban planning and
design components to optimize the use of
renewable energy sources can enhance the
comfort and sustainability of urban life. The
main issue addressed in this research is the
identification and analysis of the dimensions,
components, and indicators of urban form,
such as slope and slope orientation, building
and population density, accessibility types,
proximity to land uses (buffer zones), and
transportation. The primary objective of this
study is to identify research gaps in previous
studies and answer two key research
questions:

1. What are the components of urban form that
contribute to the effective utilization of
renewable energy in Tabriz?

2. To what extent do urban form components
influence the efficient use of renewable
energy in Tabriz?

In this study, influential urban form
components affecting energy consumption
were identified across five key dimensions:
spatial structure and urban form, building
architecture, transportation networks, natural
factors, and climate. Additionally, the specific
criteria and indicators within each dimension
were extracted and analyzed.

Methodology

The present study is applied research with a
descriptive-analytical methodology. Data
collection methods include documentary
studies, field observations, and
questionnaires. Given the specialized nature
of the subject, 30 experts in the relevant field
were selected as the statistical population, and
from this group, 28 individuals were chosen as
the sample using Cochran’s formula to
complete the questionnaires.

In this study, content analysis, library
research, and interviews were employed to
extract urban form components influencing
the efficient utilization of renewable energy.
To prioritize the impact of urban form
components with an emphasis on the effective
utilization of solar energy, the MARCOS
method (Measurement and Ranking Options
Based on Compromise Solution) was applied.

The research methodology follows the six-
layer Saunders model, commonly known as
the "Saunders Research Onion," which is
detailed in Table 1.

Table 1. Research Methodology Based on the
Saunders Research Onion Model
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Results and Discussion

In the dimension’s section, the climate, with a
score of 0.922, buildings' architecture with
0.837, and the spatial structure and urban form
with 0.734, are related to the criteria. The
respective scores for the criteria are as
follows: sunshine hours with 0.991,
temperature with 0.981, building block
orientation and optimal orientation of building
facades with 0.841. In terms of indicators, the
intensity and direction of solar radiation with
a score of 0.991 and sunshine hours
coefficients with 0.961 have the most
significant impact on the effective utilization
of solar energy in Tabriz. The ranking of the
impact of each urban form indicator on energy
consumption can be seen in Table (2).

Table 2. Ranking of Urban Form Indicators
with Emphasis on Solar Energy

Indicator Rankings
Average plot area 25
Building density and 12
coverage ratio
Building height
Distance between blocks 18
Solar radiation angle 2
Building density 7
percentage
Population density 4
Building height 6
Shading effect of 4
buildings
Wall orientation angle 12
Building materials type 15
Fagade material 24
Fagade color 29
Facade shape (concave, 23
convex, flat)
Opening orientation 10
Optimal opening 15
percentage in building
facade
Access to roads 35
Access to vacant land and 25
open spaces
Road width to fagade 31
height ratio
Main fagade orientation 20
angle
Slope size 18
Slope direction 21
Topography 8
Height above sea level 9

Distribution of green 27
spaces and vegetation
cover
Solar radiation intensity 1
and direction
Humidity percentage 34
Sunshine hours 2
coefficients
Precipitation 31
Number of cloudy days 17
Conclusion

Cities account for approximately 60 to 80
percent of the total energy consumption
globally, and urban form is one of the factors
influencing effective energy efficiency,
particularly  renewable  energy.  The
development of new energy sources is an
essential indicator of economic development,
and there are significant strengths and reasons
for utilizing solar energy in terms of
economic, social, cultural, environmental, and
organizational aspects. In recent years, the
global energy crisis, the limitation of fossil
fuels, the increase in greenhouse gases, and
the rising temperatures of the Earth have led
to the widespread use of renewable energy,
especially solar energy, not only in large
power plants for public consumption but also
in homes for personal use. This article
evaluates the components of urban form,
including dimensions, criteria, and indicators,
in relation to their role and impact on the
effective utilization of renewable solar energy
using the Markus method. The research
findings in the solar energy section indicate
that in the dimensions section, climate with a
score of 0.922, building architecture with
0.837, and spatial structure and urban form
with 0.734, in the criteria section, sunshine
hours with a score of 0.991, temperature with
0.981, building block orientation and optimal
facade orientation with 0.841, and in the
indicators section, intensity and direction of
solar radiation with a score of 0.991 and
sunshine hours coefficients with 0.961 have
the most significant impact on effective
energy utilization in Tabriz.
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