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Abstract

Climate change has become a challenge with adverse impacts on Earth. Reducing the use of fossil fuel is a primary step to solve
environmental problems. As the population continues to rise, to meet the growing demand for construction with a large share in energy
Consumption, Efforts to make the built environment more energy efficient is crucial. The main objective of this research is to evaluate the
relationship between urban form and the energy performance of neighborhoods, focusing on their energy demand, through case studies of
Ghatarchyan and Mobarakabad neighborhoods in Sanandaj city. The forms of these neighborhoods were measured using spatial metrics
(physical and climatic criteria). For analysis and evaluation, ECOTECT, GIS software, and ANP method have been used. The results of the
research indicate a negative correlation between spatial metrics and building energy performance. Therefore, if the spatial metrics amount
of each neighborhood increases, neighborhood energy demand will decrease. Moreover, the result can form a basis for urban design
recommendations to achieve energy-efficient urban development through spatial design.
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1. Introduction

Global warming is attributed to being the main cause of energy efficiency considerations into all planning aspects
climate change. The agglomeration of greenhouse gases at including urban planning and design is essential. Urban
an excessive rate in the atmosphere is the main cause of design can provide strategies through the creation of
the current rapid increase in global warming (IPCC, 2007; efficient urban forms (Mirmoghtadaee and Seelig, 2015).
NASA, 2016). As the population of cities continues to This urban form affects transport, land use and buildings
rise, the impact of cities on climate change also rises (UN, and offers opportunities to reduce energy consumption.
2015). Changes in urbanization can affect economic However, there are many challenges like lack of
growth, energy use, and co, emissions (Sadorsky, 2014). knowledge about the relationship between urban form and
Currently, buildings are estimated to be responsible for energy consumption, lack of interest from investors and
over 40% of the overall energy use globally, counting for poor implementation of urban design regulations, for the
an aggregated of 30% of global greenhouse gas emissions. ability to create such a city. This paper studies urban form
These figures have grown over the past decades and are in the Iranian urban context. Sanandaj has been chosen as
expected to continue rising in the future (UN Habitat, a case study. Sanandaj is the capital of Kurdistan province
2016). By 2040, three-quarters of the world population and is located in western Iran .According to Kurdistan's
will be living in cities, compared to one-half today and electrical power distribution data, the maximum energy
billions of people will require new homes (UN Habitat, consumption in this city is close to 500 MW per year
2016). The challenge for Civil engineers, architects, and (Kurdistan electrical power distribution, 2017). The main
urban planners is to design buildings that can respond to reason for this increase is a significant number of non-
these global housing needs while reducing greenhouse gas native residents. Therefore, with increasing population
(GHG) emissions (Mohammadi et al., 2017). Yet this is growth and the need for people for housing, construction
no easy task (jones, 2015). The world's energy intensity is rising and the city spatially expands. The purpose of
index in 2015 is 0.149 (Koe / $ 2005p' ), down from this research is to investigate the relationship between
2.61% in 2014. Iran's energy intensity index in 2015 was urban form and energy performance in the context of two
1.5 times the world's average energy intensity. The energy different neighborhoods. So first, the key factors of the
intensity index is declining in different parts of the world, urban form will be identified and then the selected criteria
but the Middle East is rising (NIPO ", 2016). It increased in the research case study are examined. After analyzing
from 0.157 (Koe / $ 2005p) in 2001 to 0.162 (Koe / $ and evaluating, urban design recommendations with an
2005p) in 2015 (NIPO, 2016).Therefore, integration of energy-efficient approach base on results.

*Corresponding author Email address: f.charehjoo@iausdj.ac.ir

77



Space Ontology International Journal, Vol. 8, Issue 2, Spring 2019, 77-88

2. The Theoretical Background of the Research

As the focus of this study is energy performance and
urban form relation, in this section, a brief outline of the
theoretical background will be presented.

2.1. Energy Efficiency

Energy efficiency is the convert of each unit of energy
consumed to more service and product without any
compromise on quality and comfort requirements. The
most important element in energy efficiency is energy-
saving, and one of the most significant indicators is
energy Intensity (Bayrag, 2010). The most important
factor triggering energy efficiency policies in the world
was the energy and petroleum crisis encountered in the
1970s. Also, environmental protection coming into
prominence in the 1980s, the concept of energy efficiency
became an extremely important part of energy and
development policies. Energy efficiency is one of the
parameters affecting sustainable growth, which allows
relaying present-day necessities to future generations
without eliminating natural resources. Pursuant to
Brundtland report in 1987, that defined sustainable
development as that: “... which meets the needs of the
present without compromising the ability of future
generations to meet their own needs...” (WCED 1987:
3) and it has become necessary to take urgent, unyielding
and on time actions for more efficient energy utilization
(Aksoy,2013). As the Pioneer country recognizing the
importance of energy efficiency, the United States of
America (USA) has conducted studies on this issue since
the 1970s. Finding the gains of such studies is not enough,
the USA prepared a national action plan on energy
efficiency in 2008, named vision 2025, for reasons such
as increasing security of energy supply and mitigating
potential risks in carbon policies. Likewise, since the early
1970s when the petroleum crisis was faced, EU countries
started studies and set certain targets in order to minimize
dependency on petroleum to, Increasing supply security,
reducing energy costs, encouraging competition, reducing
unemployment, protecting the environment and reducing
greenhouse gases (EMO Publications,2012). Having
experienced adverse impacts from the 1970s petroleum
crisis, japan renewed the law on energy saving in 1999. In
Japan, the studies on energy efficiency are supported by
the state by various financial models, such as tax
incentives, long-term loans, and industrial organizations.
Besides, people support such studies voluntarily, and
urban managements apply for various efficiency programs
occasionally within their boundaries (Kavak, 2005).

2.2. Urban form

Urban form can be defined as the spatial configuration of
human activities, which reflects economic, environmental,
technological and social processes at a certain time (Tsai,
2005). This consists of the spatial pattern and density of
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land uses as well as the spatial design of transport and
communication infrastructure (Anderson, 1996). The
urban form has a direct impact on habitat, ecosystems,
water quality through land consumption, urban
fragmentation, and the conversion from natural cover to
urban land use (Camagni, 2002), moreover, a growing
body of literature supports the notion that urban form
strongly influence the energy consumption and the related
co, emission. It can be explained by a variety of factors,
such as topography, planning efforts, and environmental
development. The analysis of urban form can reveal the
problems and challenges during urban development
(Conzen, 2001). The current rapid urban growth brought
about a series of environmental as well as socioeconomic
problems which form a great challenge for sustainable
development. The relationship between urban form and
building energy performance draws more and more
attention nowadays as building energy use has a
considerable share in the total energy use (Perez, 2008).
Many scholars have tried to identify this relationship
using different definitions of urban form. Some scholars
have focused on the spatial metrics of urban form. for
example, Pisello, Wong, Giridharan, Ratti and rode
examined how different geometries of urban form
influence building energy performance through the
building typology, urban heat island effect, daylight and
mutual shading (Pisello,2012, Wong, 2011, Giridharan,
2007, Ratti, 2004, Rode,2013). Ko, assessing the
sustainability of urban forms using energy as an indicator.
Urban form, the spatial pattern and density of urban
physical objects, such as: buildings, streets, vegetation
and open space, has a significant impact due to its long-
term influence on macro-scale environments (Ko ,2012)
Pan, evaluating the effects of residential morphology (e.g.
building distance, density, etc.) and microclimate (e.g.
wind speed, temperature, etc.) on building energy use are
quantitatively assessed using EnergyPlus. Analyze the
effects of different morphology indexes on the energy
balance in the same floor-area ratio (Pan.2015).
Mirmoghtadaee related the urban form with the optimal
use of resources and adaptation to climate conditions to
four factors: movement, density and orientation, energy
supply, green and open spaces (Mirmoghtadaee,2018).
Mahdy Youssef draws out twelve main design principles
that outline energy-efficient urban configurations in
residential projects such as: compactness and density,
transportation and circulation network, streets orientation,
greening and urban trees, cool surfaces and albedo,
district central cooling and heating, buildings heights and
s/v ratio, site selection, external shading, building forms,
housing types (Mahdy Youssef,2013).

Another group, including Wang and ye, and Salat (Wang,
2012, Ye,2011, Salat,2013), began to test the idea of
urban form as a complex system including spatial metrics
and non-spatial metrics such as material types,
characteristics of residents, housing units and
neighborhoods, and construction years(Ratti,2005). Yang,
see urban form as much more than simply geometry since
it develops with many engineering constraints such as
structure, HVAC system, material, users’ behavior, etc.
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(Yang,2016) and in different historical and cultural
contexts (Berghauser,2010). The factors that determine
urban energy use can be classified into a few major
groups: natural environment (geographic location,
climate, and resource endowments), socioeconomic
characteristics of a city (household -characteristics,
economic structure and dynamics, demography),
national/international urban function and integration (i.e.,
the specific roles different cities play in the national and
global division of Ilabor, from production and a
consumption perspectives), urban energy systems
characteristics including governance and access (i.e., the
structure and governance of the urban energy supply
system and its characteristics) (KhodaBakhsh,2015). It
does not adequately investigate the spatial metrics, but
also requires an examination of energy and technological
systems (Siong, 2017). Since in this research, the focus is
mainly on some of the most important spatial key drivers
in neighborhood-scale which influence the energy
consumption most. Therefore, the following criterions are
surveyed to be analyzed within the paper and case studies.
The process of the research concludes with two main
parts. The first part mainly focuses on a concise literature
review aiming to achieve a clear analytical scientific
basis, which will be implemented in the case study in the
second step. Based on these two steps, a conclusion
focusing energy-efficient neighborhood form, for the
main key drivers of urban energy within the case studies,
will be drawn. Therefore, a wide literature review and
subsequent analysis of the key criterions of energy
efficiency in urban areas are done. This provides a range
of criteria to be analyzed and implemented in the case
study (Table.1).

2.3. Urban form components
2.3.1. Spatial metrics

Luck and Wu (2002) proposed that spatial patterns of
urban areas can provide a better understanding of the
urban form and its effect on the environment. Spatial
metrics are already commonly used to quantify the shape
and pattern of vegetation in landscape ecology
(Gustafson, 1998). They were expanded in the 1980s and
incorporated measures from both information theory and
fractal geometry based on a categorical, patch-based
representation of a landscape (Herold, 2003). Spatial
metrics are effective tools for quantifying spatial
heterogeneity and providing a better insight on how
spatial structures affect the system interaction in a
heterogeneous landscape. Planners and policy makers use
the spatial metrics to assess and promote policies
concerning land use and urban development. Spatial
metrics can be grouped into three classes: patch, class,
and landscape metrics. Patches are defined as
homogenous regions comprising a specific landscape
property of interest such as “urban” or “rural” (Dietzel,
2005). Patch metrics are computed for each patch in the
landscape. Class metrics are calculated for each class, and
landscape metrics are applied for the entire landscape.
Variation of spatial patterns can be captured and described
by the spatial metrics, which categorize complex
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landscape into identifiable patterns and reveal some
ecosystem properties that are not directly observable
(Antrop & Van eetvelde, 2000; Mcgarigal, 2012). Most
spatial metrics are scale-dependent and they are
determined by the spatial resolution, the extent of spatial
domain, and the thematic definition of the map categories
(Simova & Gdulova, 2012). Spatial metrics can be used to
describe and analyze the change in the degree of spatial
heterogeneity when applying to multi-temporal data. With
consideration of study objective, the spatial metrics are
selected to quantify the urban form because they can (1)
bridge the gap between urban land use patterns and urban
planning, (2) improve the reflection of heterogeneous
urban spatial patterns (Herold, 2005), and (3) promote the
analysis of impacts of wurban forms on energy
consumptions. Fragstats reports over 100 different metrics
(MCegarigal, 2012). Many studies used and compared a
wide variety of different metrics. Their results showed the
role of them in representing spatial patterns. However,
there are not the best suitable metrics as the significance
of specific metrics varies with the objective of the study
and the characteristics of spatial patterns under
investigation (Parker & Meretsky, 2004). Furthermore,
some studies indicated that only a few of these metrics
contain unique information, and thus the use of all spatial
metrics is unneeded (Gustafson, 1998), Table 2 shows the
research criteria.

2.3.2. Non-Spatial metrics

Non-spatial options for reducing building energy use such
as: improving HVAC (heating, ventilation, and air-
conditioning) systems, changing people’s behavior and
pricing fuels, all undoubtedly have a significant impact.
However, even if the impact of urban form on building
energy use is smaller than those of other contributors, it
can still be considerable due to its long-term impact on
numerous buildings in a macro-scale environment (Ko,
2012)

2.3.1.1. Physical Criteria

The task of urban design is to improve the physical form
of the urban area, city and urban neighborhoods. Many
parts of the city's physical structure on different scales
cause different climatic variations on that scale, while
each of these components can have a significant impact
on the urban climate as a whole. Since urban structure can
be controlled by planners and urban designers, the
possibility of changing the urban climate through urban
policies and the design of neighboring neighborhoods and
new healthy cities It is possible with some changes to
increase the comfort of residents in the outer and inner
spaces and reduce building energy demand for heating in
winter and cooling in summer can be provided (Givoni,
1998). Table 2 presents the most important indicators of
energy consumption from the physical and climatic
perspective in urban form.
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Table 2

Research spatial criteria.

Spatial key drivers Criteria

physical criteria ¢ Compactness

¢ Building height

e Building orientation

¢ Building solar gains

o Facade considerations
¢ Network connectivity

Climatic criteria ¢ Cooling and heating days

Compactness

Compactness does not generally have only one definition
(Tsai, 2005), but is usually referred to in the context of
high-density or monocentric development (Gordon &
Richardson, 1997). The compact urban form impacts solar
radiation, shadows, movement patterns, urban heat island
effect and the efficiency of the infrastructure, which
affects energy consumption directly and indirectly
(Mahdy Youssef, 2013).

Several compactness indicators are used to assess the
availability of solar potential in neighborhoods. This
indicator explained as follows: (a) Volume-area ratio is
the total building volume in a neighborhood divided by
the total area of a neighborhood. (b) Site coverage is the
total built area in a neighborhood divided by the total area
of a neighborhood (Lee, 2016). (c) The plot ratio is the
total floor area in a neighborhood divided by the total area
of a neighborhood (Nault, 2015). (d) Building density is
the total number of buildings in a neighborhood divided
by the total area of a neighborhood (Wiginton,2010), (e)
Population density is the total number of people living in
a neighborhood divided by the total area of a
neighborhood (Wiginton,2010). (f) The nearest-neighbor
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ratio is the average distance between buildings from
centroids normalized by the total area of a neighborhood
(Sarralde, 2015).

Building Height

The effect of building height on the energy demand of
buildings is mainly due to its role as a practical obstacle in
urban environments. In particular, building height not
only shapes the skyline of a city and alters the amount of
open space at ground level, but it also affects sunlight
accessibility and solar gain (Aghili, 2017). Also, the
distance between buildings is important in the urban areas
where the area is scarce but the need for buildings is high.
Leaving enough distance between buildings is considered
in order to allow the wind to pass through all of the
buildings. The distance of the buildings must be
calculated using the solar data on the 21 st of December in
which the sun is at the lowest angular value with the earth
(Ratti, 2005).

Building Orientation

The orientation of a building is defined as the direction
perpendicular to the main surface of the building. Clearly,
the orientation of a building affects solar gain and energy
demand by altering the incident angle and duration of
sunlight. It is regarded as one of the most important
parameters in housing design. Orientation is one of the
most important variables in the energy efficiency of a
building. When the orientation of a building is laid out
correctly, the solar gain will be maximized, the building
benefits from better quality daylighting, and the need for
extra heating declines significantly (Aghili,2017).

Building Solar Gains

Sun has several main functions in the energy-based
studies of the urban environment since it is crucial for
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lighting and heating. Proper use of the solar radiation will
decrease the heating loads in cold seasons, but effective
protection from the sun is needed by sheltering or other
ways in order to decrease the cooling loads. The
magnitude and time of solar radiation directly affect the
amount of heat gained by the building. The influence of
the sun should be well estimated in land-use planning and
housing design stages (Mert, 2014).

Facade Consideration

The fagade plays a critical role in the exterior elements for
building functionality. Facade as a barrier of a building
that will impact the interior lighting and temperature, thus
affect the energy use of buildings. Various fagade types
will lead to the various energy performance of buildings,
especially in regard to energy consumption and thermal
comfort. (Jia, 2013)

Network Connectivity

Connectivity is the primary goal of any transportation
network; It relates the places that people want to move
between them. Travel is commonly considered a "derived
demand" — we travel mainly because we want access to
other locations, not simply because we enjoy movement.
Travel demand modeling generally assigns a cost to travel
that includes the "cost" of time. All else being equal,
shorter travel times are preferred. This is particularly true
for bicycling and walking, which are usually slower than
motorized travel (Dill, 2004). There are practical limits to
how far a person will walk or bike. Increasing network
connectivity can reduce travel distances for all modes,
including walking and bicycling. Another benefit of
increased connectivity for these modes has a wider range
of routes to be selected from. A cyclist, for example,
might choose a slightly longer route if he or she can use a
bicycle lane, a street with less traffic, or a less steep hill
(Dill, 2004).

A review of the planning and transportation literature
found numerous measures of connectivity. Each measure
is defined and described below.

Block length: is used in a different way to promote or
measure connectivity. Several communities have adopted
maximum block length standards for new development
(Handy, 2003). Standards are usually between 91 and 182
meters and apply to each block, some of which are
exceptional.

Block size: A handful of communities have adopted
standards setting maximum block sizes, which capture
two dimensions of the block, rather than the individual
length of each side (Handy, 2003). This can be measured
by the width and length, the area (e.g. acres), or the
perimeter.

Block density: A few researchers have used block density
as a proxy measure for connectivity (Frank, 2000). Used
the mean number of census blocks per square mile. the
authors assert that census block density is a good proxy
for street connectivity since census blocks are typically
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defined as the smallest fully enclosed polygon bounded by
features such as roads or streams on all sides.

Intersection density: Intersection density is measured as
the number of intersections per unit of area, e.g. square
mile. A higher number would indicate more intersections
and, presumably, higher connectivity.

Street density: is measured as the number of linear miles
of streets per square mile of land (or kilometers per square
kilometer). A higher number would indicate more streets
and, presumably, higher connectivity. Street density,
intersection density, and block density are likely highly
and positively correlated with each other.

Connected node ratio: The connected node ratio (CNR) is
the number of street intersections divided by the number
of intersections plus cul-de-sacs. The maximum value is
1.0. higher numbers indicate that there are relatively few
cul-de-sacs and, theoretically, a higher level of
connectivity.

Link-node ratio: is an index of connectivity equal to the
number of links divided by the number of nodes within a
study area. Links are defined as roadway or pathway
segments between two nodes. Nodes are intersections or
the end of a cul-de-sac. A perfect grid has a ratio of 2.5.

Grid pattern: Many researchers have measured the street
network based upon whether it is a grid or not. For
example, Greenwald and Boarnet and crane (2001) use
the percentage of area in a one-quarter mile buffer zone
that is covered by a grid street pattern, as measured by
four-way intersections.

Pedestrian route directness: PRD is the ratio of route
distance to the straight-line distance for two selected
points. The lowest possible value is 1.0, where the route is
the same distance as the "crow flies" distance numbers
closer to 1.0 indicate a more direct route, theoretically
representing a more connected network. PRD is the same
as the "circuity factor" sometimes applied in logistics to
approximate travel distances between cities (Ballou,
2002).

Effective walking area: EWA is used by the index model
for Tampa, Florida. That is a ratio of the number of
parcels within a one-quarter mile walking distance of a
node to the total number of parcels within a one-quarter
mile radius of that node. Values range between 0 and 1. A
higher value indicates that more parcels are within
walking distance of the pre-defined point, reflecting a
more connected network.

Gamma index: is a ratio of the number of links in the
network to the maximum possible number of links
between nodes. The maximum possible number of links is
expressed as 3 * (# nodes — 2) because the network is
abstracted as a planar graph. In a planar graph, no links
intersect, except by nodes (Taaffe and Gautheir, 1973).
This feature represents a transportation network well.
Values for the gamma index range from 0 to 1 and are
often expressed as a percentage of connectivity, e.g. A
gamma index of 0.54 means that the network if 54 percent
connected.
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Alpha Index: is the ratio of the number of actual circuits
to the maximum number of circuits and is equal to # links
- # nodes + 1/2(# nodes) — 5

As with the gamma index, values for the alpha index
range from 0 to 1, with higher values representing a more
connected network. Both indices could be applied as
measures of connectivity for bicycling and walking.

2.3.1.2. Local Climate

Climate is a factor in determining ultimate energy use,
especially for heating and cooling demands. Its influence
on energy use can be measured through the metrics of
heating and cooling degree days, which, in combination
with the thermal quality of buildings and settings for
indoor temperature, determine energy use. Urban energy
demand is, in principle, not markedly different in its

Table 3
Energy key driver's checklist for urban design.

climate dependence than that in non-urban settings or
national averages, but it is structured by the influence of
other variables, such as urban form, access to specific
heating fuels, or income that can amplify or dampen the
effect of climate variations on urban energy demand.
Some studies illustrate the quantitative impact of climate
variables on energy demand. For example, one research
report differences in space heating energy use (measured
as useful energy) normalized to heating degree days and
square meters living space for seven industrial countries
(Schipper, 2004). The relationship between climate and
urban energy use is a two-way street: climate not only
influences urban energy demand, but urban areas also
influence their local climate through the ‘urban heat
island’ effect. This effect can reduce the heat demand
during winter, but also enhance the need for cooling in the
summer (Dhakal, 2003).

Field of action Criteria

Sub-criteria

Urban design Compact structure

Volume-area ratio, Site coverage, Plot ratio Building density,

Population, Density, Nearest-neighbor ratio

Passive use of solar energy

Building orientation, Fagade consideration, shading by

neighboring buildings, building height, Building solar gains

Connectivity Block length, Block size, Block density, Intersection density,
Street density, Connected node ratio, Link-node ratio, Grid
pattern, Pedestrian route directness, Effective walking area,
Gamma index, Alpha index
Energy Energy consumption Cooling and heating demand

3. Methodology

The methodology is one of the most important
components which influence the results of research,
considerably dependent on the goal, nature, and tools of
research and the assumptions and constraints. The
following research is from the comparative type with the
use of a descriptive-analytic method and with employing
popular library tools along with field observations. This
research was carried out the key criteria of spatial urban
form in categories of physical and climatic are examined.
The first step is to collect the necessary information. In
this step, Compactness with 6 sub-criteria, measured by
GIS version 10.5, Building Height, Building Orientation,
Building Solar Gains and Fagade Consideration measured
by ECOTECT version 2011 and Network Connectivity
with 12 sub-criteria measured by Auto CAD version 2016

X =
lan «

Fig .1. The angle of radiation and height of the building

by entering the number of people residing in each unit and
thermal calculations performed by the software, based on

are quantified with data fetched from publicly available
information sources and Named software. To get the final
figures for Compactness, Network Connectivity, we
normalized figures and mean.

X porm= X-Min/max-min

Also, weather data from Meteonorm software has been
used for calculating cooling and heating demands in order
to determine the shading on 21 st of December, suns
radius is 31.55 degrees (Rahnamai, 2003) at the time of
the experiment. By exploitation of the formula illustrated
in Fig. 1, as well as the assumption of 1-meter height for
the length of the shadow, has found to be one meter. Due
to the average height of buildings, the neighborhood
shading assessed.

the amount of absorption of sunlight, the amount of
energy demand to stay at 18 ° ¢ -36° c is calculated. The
second step is to compute the energy efficiency using the
Analysis (ANP) method. Furthermore, choose energy-
efficient neighborhoods with a higher value. To attain
energy, use of buildings, the amount of buildings energy
for heating and cooling are calculated. The criteria are
straightly related to the absorption of solar radiation in
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residential units on the one hand and peripheral
environment of residential units on the other.

4. Case Study

Two neighborhoods have been chosen in Sanandaj as case
studies of this research. One of them is located in the 10
District of Sanandaj named Ghatarchyan and the other one
in the 8 District, named Mobarakabad neighborhood. In
this comparison, having the same number of inhabitants
and approximately a similar size would be the main
reason for the selection of these two neighborhoods (with
the same population and very different physical
characteristics). As comparison cases, energy demand in
these two neighborhood is going to be analyzed based on
key spatial criteria. Figures 2 show the Ghatarchyan and
Mobarakabad site plan respectively. Based on Table 4, it
is considered that both neighborhoods have approximately
a similar size but a different land occupancy ratio. In

Table 4
General characteristics of case studies

Ghatarchyan neighborhood the land occupancy is about
78%, meanwhile, in Mobarakabad neighborhood, the land
occupation is 65%.

Sanandaj plan

Mobarakabad plan

Fig.2. Ghatarchyan and Mobarakabad site plan

Mobarakabad neighborhood

Factors Ghatarchyan neighborhood
Area 404000 m?
Land occupation 78%
Population 8916 person
Minimum floor 1 floor
Maximum floor 5 floors
Number of building units 1000 unit
Mean residential area 80 m’
Number of buildina blocks 17 block
Texture Old

302000m’
65%
8657 person
1 floor
8 floors
355 unit
120 m*

24 block

New

For the network connectivity criteria, 12 sub-criteria has
been considered after calculating all the sub-criteria, the
numbers are normalized. We considered the average of
these figures for network connectivity number, which is
obtained 0.12 for Ghatarchyan and 0.2 for the
Mobarakabad so Mobarakabad has better connectivity
than Ghatarchyan. Because of more intersections, shorter
distances for travel, better walking area and there are
more routes between places. Also, the street network
pattern of this neighborhood is closer to the grid network.

For calculating cooling and heating demand Taking all of
the spatial metrics and assuming 18°-36° Internal
temperature we simulation was chosen neighborhoods in
ECOTECT and obtained building cooling and heating
demand for all year long, that showed in Table 5.

5. Findings and Discussion

The main focus of this research is on the neighborhood
scale and the study of compactness, building height,
building orientation, solar gains, facade consideration,
network connectivity, and cooling and heating days at this
level. The results of the physical and climatic criteria
show that compactness were had been measured. 0.343

83

for Ghatarchyan and 0.275 for Mobarakabad, so we
conclude a denser texture belong to Ghatarchyan
neighborhood that because of unplanned texture. The
recorded data shows an average of 7.285 meters for the
building height in Ghatarchyan and 6.857 meters for the
Mobarakabad neighborhood. About building height in
Ghatarchyan that should be noted a few buildings change
the average height while most of the buildings are in low
height. The obtained shading for each building with a
height of one meter assuming on 21 st of December is
1.64 meters. Based on the average building height in the
mentioned neighborhoods, the shading rate in the
neighborhoods of Ghatarchyan and Mobarakabad is 11.94
and 11.24 meters, respectively.

These results, in other words, determines the optimum
distance between buildings to use the highest solar gains
and reduce energy demand in the cold seasons on the
facades with minimum shading. Also, the best position for
block placement, in the orientation criteria, is the direction
that receives the highest amount of energy in the winter
and the lowest amount of energy in the warm season Due
to the radiation angle. To determine the optimal
orientation of the building, we used ECOTECT and the
weather data of Sanandaj city, according to fig. 4. the blue
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line shows the amount of sun radiation in the cold season
and the red line indicating the amount of solar radiation in
the warm season also the green line represents the amount
of radiation throughout the year. The best orientation
occurs at an angle where the maximum blue line value
and the minimum redline value, this angle being seen with
the yellow line in the figure. The ECOTECT application
proposes an elongation of the building's in the east-west
direction toward the south with a 2.5° spin toward the
east. The results also indicate that the worst orientation is
towards the east. The deviation of selected neighborhoods
is from the optimal orientation for Ghatarchyan is
42.5° and for Mobarakabad is 12.5. Average solar gains
for Ghatarchyan and Mobarakabad neighborhoods are
53.956 M Watts/km® per year and 58.852 M Watts/km®
per year respectively. For the facade considerations
criteria, with the field survey, we found out the dominant
material and color for the Ghatarchyan is cream color
concrete and for the Mobarakabad gray color travertine by
simulations of neighborhoods with These facade
properties in ECOTECT, the annual amount of solar gains
for the Ghatarchyan is 0.0028 M Watts / m” and for

Table 5
key spatial driver’s status in quarters.

Mobarakabad is 0.0039 M Watts / m?, which indicates
that the amount of absorption in the Mobarakabad
building's fagade is higher.

Weather Tool 2011+ € Anindesk, ne 2010

Optimusm Orentation

Fig. 3. Optimal building orientation in Sanandaj

Criteria Sub-criteria Ghatarchyan neighborhood Mobarakabad neighborhood
Compactness Volume-area ratio 2.14 1.47
Site coverage 0.78 0.65
Plot ratio 0.66 0.46
Building density 0.0024 0.0011
Population Density 0.503 0.0500
Nearest-neighbor ratio 0.79 0.70
Block height Mutual shading 11.94 11.24
Block orientation 42.5 °difference with optimum 12.5 °difference with optimum
Facade considerations  Facade gains 0.0028 MW/m* 0.0039 MW/m?
Block solar gains 53.956 MW/km?/year 58.852 MW/km?*/year
Network connectivity Block length 134.51 79.56
Block size Perimeter 435.36 Perimeter 252.37
Block density 0.1 0.2
Intersection density 0.1 0.11
Street density, 8 14.55
Connected node ratio 0.34 0.86
Link-node ratio 1.08 2.4
Grid pattern, 0 1
Pedestrian route directness 1.17 1.06
Effective walking area 0.51 0.82
Gamma index 0.37 0.97
Alpha index 0.03 0.88
Energy Cooling and heating demand 28076 MW per year 15105.7MW per year

5.1. Energy Analysis

Different methods have been used for comparison and
analysis the most well-known multi-criteria decision-
making method is the analytic hierarchy process (AHP)
(Saaty, 1980). In that method, the decision-making
problem is decomposed into a hierarchy. At the top of the
hierarchy is the decision-making goal. The criteria are on
the next level, which can be decomposed into the sub-
criteria (and further decomposed to the lower levels). The
last level is the alternatives. By using pairwise
comparisons (to be explained later in this paper), local
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priorities of alternatives as well as criteria weights are
calculated. Afterward, it is possible to calculate the global
priorities of alternatives and make decisions. In the
decision-making problem field, if
influences/dependencies exist between criteria, which the
AHP does not consider, using the AHP might lead to a
decision that is less than optimal. In those cases, using the
analytic network process (ANP) is more appropriate. By
using the ANP, we can model the dependencies and
feedback between the decision-making elements, and
compute more precise weights of criteria, and local and
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global priorities of alternatives. The decision-making
problems in the ANP are modeled as networks, not as
hierarchies as with the AHP. The ANP is a generalization
of the AHP. Figure 4 provides the structural differences
between a linear hierarchy and a nonlinear network. The
basic elements in the hierarchy and network are clusters
(components; rectangles and ellipses in figure 4, nodes
(elements in clusters, not specified in figure 4) and
dependencies (arcs). The meaning of ‘depend on’ is the
opposite of ‘have an influence on’ (Saaty, 1980).

Criteria
Sub-criteria
Altematives

Intermediate
Component
¢

(=
\szw

In this paper based on the selection of the ANP method,
Super Decisions Software has been used to analysis the
spatial metric. Findings show that all the aforementioned
criteria in different categories (physical and climate)
affect urban energy use. While the results of the ANP
analysis does not show a complete match, they rely on the
real impacts regarding the importance of the criteria.
Table 6 summarizes the spatial criteria which impact on
energy use with their values in chosen neighborhoods.

Fig .4. The structural difference between hierarchy and network (adapted from [Saaty, 2006])

Table 6
Neighborhoods value based on spatial metrics.
Criteria Ghatarchyan neighborhood Mobarakabad neighborhood Weight Amount
Compactness 0.343 0.275 0.202 A B
0.069 0.055
Block height 11.94 11.24 0.150 1.79 1.68
Block 42.5 °difference with optimum  12.5 °difference with optimum  0.164 0.124 0.152
orientation
Facade 0.0028MW/m* 0.0039MW/m* 0.181 9.76 10.65
considerations
Block solar 53.956 MW/Km® 53.956 MW/km®/year 0.075 0.0002 0.0003
gains
Network 0.12 0.16 0.123 0.0147 0.0196
connectivity
Total A Total B:
28076 30000 11.75 12.55
25000
Cooling and =]
heating 15105/7 20000 § Max Heating:16.6MW
demand 15000 § A Max Cooling:16.6MW
= Total:28076MW per
10000 £ year
5000
Max Heating:8. 7MW
0 B Max Cooling:5.3MW
12/6 12/4 12/2 12 11/8 11/6 Total:15105. 7MW per
value year

6. Conclusions

Energy efficiency is one of the key concepts of urban design
today. Based on this, urban designers are trying to provide
optimal solutions for improving energy performance
indicators. This study measured spatial metrics (physical and
climatic criteria) to evaluate the relation between urban form
and energy performance. Six key variables (compactness,
block height, block orientation, fagade considerations, block
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solar gains, network connectivity) that related to urban form
energy performance has been assessed. Although we used
the network analysis process to calculate realistic estimates
of the average value of each neighborhood. By applying this
approach, it is found that physical structure and local climate
have an impact on energy efficiency. ECOTECT software
helped us assess the cooling and heating demand and block
orientation in the real-world environment. The results of the
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evaluation in two neighborhoods with different forms show
that there is a negative correlation between spatial metrics
and energy use, so if the spatial metrics amount of each
neighborhood increases, neighborhood energy demand will
decrease. Due to the compactness, it is clear that distance
between buildings is low and building shading is high also
building orientation and connectivity pattern is not
absolutely Suitable, all of these criteria affecting on solar
gains and reduce it which will increase energy demand in old
texture. So this study provides an insight into how urban
designers can respond to development and policy shifts in
energy fields. In general, terms, to improve energy
efficiency, urban design recommendations based on the
spatial structure are presented.

The main recommendations are summarized as follows:

. Enclosure based on the maximum fit with the annual
solar irradiation pattern of building blocks.

. Decreasing site coverage tends to increase the solar
potential of the buildings.

. Coordination of height and distance between blocks to
avoid overshadowing.

. Establishment at 272.5 © (the best orientation is 2.5 °
southward to the east and east-west elongation) in order
to get the maximum winter light and get the lowest
solar energy in the summer.

. The Use of the facade with a suitable absorption
coefficient regard to the local climate.

. Reduce the size and length of building blocks in the
design, to integrate the pedestrian path and expand the
walking area

e  Open the dead ends of old texture as much as possible
and Create more intersections.

References

1) Aksoy, s. (2013) Energy management and policies-
related rules and regulations on energy efficiency:
Anadolu university publication, no. 2787, p. 3 (in
Turkish).

2) Aghili, Madie. (2017), Energy Efficient Urban
Form, Auckland University of Technology

3) Anderson, P.W., Kanaroglou, S.P., miller, J.E.
(1996). Urban form, energy and the environment: a
review of issues, evidence and policy. Urban
studies, 33(1): 7-36.

4) Antrop, m, Van eetvelde, v. (2000). Holistic aspects
of suburban landscape: visual image interpretation
and landscape metrics. Landscape and urban
planning, 50(1-3): 43-58.

5) Ballou, r. h., Rahardja, h. and Sakai, n. (2002)
Selected country circuity factors for road travel
distance estimation. Transportation research part a,
36, 843-848.

6) Bayragc, h. n. (2010) Effects of energy use on global
warming and prevention policies, Eskisehir
Osmangazi university journal of social sciences,
vol. 11, no. 2, p. 246. (in Turkish)

86

7) Berghauser Pont m, Haupt p. (2010) Space matrix:
Space, density and urban form. Rotterdam: NAY
publishers

8) Boarnet, m. and crane, r. (2001) The influence of
land use on travel behavior: Specification and
estimation strategies. Transportation research part a,
35, 823-845.

9) Camagni, r., Gibelli, m., Rigamonti, p. (2002).

Urban mobility and urban form: the social and

Environmental costs of different patterns of urban

expansion. Ecological economics, 40(2): 199-216.

Chin Siong, H, translated by CharehJoo. F. (2017),

Energy saving cities, Tehran: Aval & Akhtar

publication.

11) Conzen, m. p. (2001). The study of urban form in
the United States: urban morphology, 5(1): 3-14.

12) Dietzel, c., Herold, m., Hemphill, J.J., Clark, K.C.

(2005). Spatio-temporal dynamics in California’s

central valley: Empirical links to urban theory.

international journal of geographical information

science, 19(2): 175-195

Dill, Jennifer. (2004), Measuring network

connectivity for bicycling and walking, TRB2004

annual meeting.

Dhakal, s. Hanaki, k. and Hiramatsu, a. (2003)

Estimation of heat discharges by residential

buildings in Tokyo, energy convers: Manage. 44(9),

pp. 1487-1499. doi:10.1016/s0196-8904(02)00145-

0.

Frank, 1. d., stone JR., b. and Bachman, w. (2000)

linking land use with household vehicle emissions

in the central Puget sound: methodological
framework and findings. Transportation research

partd, 5, 173-196.

Friess, w. & Rakhshan, k. (2017) A review of

passive envelope measures for improved building

energy efficiency in the UAE. Renewable and

sustainable energy reviews. [online] 72, 485-496.

available from:

https://doi.org/10.1016/j.rser.2017.01.026.

Giridharan r, Lau s, Ganesan s, Givoni b. (2007)

Urban design factors influencing heat island

intensity in high-rise high-density environments of

Hong Kong. Build environment; 42:3669-84.

Gordon, p. & Richardson, h. w. (1997). Are

compact cities a desirable planning goal? Journal of

American planning association, winter, pp. 95-106.

19) Gustafson, E.J. (1998). Quantifying landscape
spatial pattern: what is the state of the art?
Ecosystems, 1(2): 143-156.

20) Handy, s., butler, k. and paterson, r. g. (2003)
planning for street connectivity - getting from here
to there, American planning association, Chicago.

21) Herold, m., Couclelis, h., Clarke, K.C. (2005). The
role of spatial metrics in the analysis and modeling
of urban land use change. Computers, environment
and urban systems, 29(4): 369-399.

22) Herold. m., Goldstein, N.C., Clarke, K.C. (2003).
The spatiotemporal form of wurban growth:

10)

13)

14)

15)

16)

17)

18)



Farnaz Ghazi, Farzin Charehjoo, Mahta Mirmoghtadaee

measurement, analysis and modeling. Remote
sensing of environment, 86(3): 286-302.
IPCC. (2007). Climate change: impacts, adaptation
and vulnerability: contribution of working group ii
to the fourth assessment report of the
intergovernmental panel on climate change. (e.
M.L. parry, O.F. Canziani, J.P. Palutikof, P.J. van
der linden and C.E. hanson, ed.), genebra, suiga.
cambridge, UK: Cambridge university press.
http://doi.org/10.1256/004316502320517344
24) Jia Zeng. (2013)"Influence of fagade type on energy
performance of building structures", university
college London.
25) Kadoi¢, Nikola. (2017)" Decision making with the
analytic network process "
26) Jones, c. (2015) circular
September 15,
from:www.circularecology.com
Kavak.k. (2005) “Energy efficiency in the world
and turkey and investigation of energy efficiency in
Turkish industry”, Spo-general directorate of
economic sectors and coordination, thesis for
planning expertise, pp. 68-71. (in Turkish)
Ko, ye Kang. (2012), The energy impact of urban
form: an approach to morphologically evaluating
the energy performance of neighborhoods,
university of California, Berkeley
K.S. lee, J.W. lee, J.S. lee. (2016) Feasibility study
on the relation between housing density and solar
accessibility and potential uses. Renewable energy
85 749-758.
Khoda bakhsh et al. (2015) Achieving energy
efficiency through designing eco-friendly built
environment (Tehran case study), International
Journal of Sustainable Building Technology and
Urban Development.
Luck, m., WU, j. (2002). A gradient analysis of the
landscape pattern of urbanization in the phoenix
metropolitan area of USA. Landscape ecology,
17(4): 327-339.
32) Mahdy Youssef,E.M.(2013)" Energy Efficient
Urban Configurations for Residential Projects in
Cairo "University of Stuttgart.
Mcgarigal, k., Cushman, S.A., ENE, e. (2012).
Fragstats v4: Spatial pattern analysis program for
categorical and continuous maps. Computer
software program produced by the authors at the
University of Massachusetts, Amberst.
online:http://www.umass.edu/landeco/research/frag
stats/fragstats.html (accessed on 4th may 2015)
Mert.Y.(2014), Application of energy analysis
method to energy efficient building block design,
Izmir Institute of Technology.
Mirmoghtadaee.M. (2018), Urban planning and
design guide Development of energy efficient
neighborhoods, Tehran: Road Research, Housing
and Urban Development Center, Tehran.

23)

retrieved
2015,

ecology.

27)

28)

29)

30)

31)

33)

34)

35)

87

36) Mirmoghtadace, M. and Seelig, S. (2015). A
comparative study on the role of energy efficiency
in urban planning instruments of Iran and Germany.
Space ontology international journal, Vol.4, Issue 3:
33-38.
Mohammadi, A., Saghafi, M., Tahbaz, M. &
Nasrollahi, F. Potentials of vernacular climate
solutions (VCS) in energy efficiency of domestic
buildings in hot and humid climate: the case study
of Bushehr, Iran. Space ontology international
journal, Vol. 6, Issue 3: 59-76.
Morrissey, j., Moore, t. & Horne, r, e. (2011)
Affordable passive solar design in a temperate
climate: an experiment in residential building
orientation. Renewable energy. [online] 36 (2), 568-
577. available
from:https://doi.org/10.1016/j.renene.2010.08.013
39) NASA. (2016). A blanket around the -earth.
retrieved from http://climate.nasa.gov/causes/
40) National Productivity Organization of Iran, 2016-
year report.
41) Nault, E. Peronato, G. Rey E. M. Andersen (2015).
Review and critical analysis of early-design phase
evaluation metrics for the solar potential of
neighborhood designs. Building and environment.
92 679-691.
Pacheco, r., Ordoiez, j. & Martinez, g. (2012).
Energy efficient design of building: a review.
Renewable and sustainable energy reviews. [online]
16 (6), 3559-3573. available from:
https://doi.org/10.1016/j.rser.2012.03.045
Pan, Yiqun. (2015). A study of Shanghai residential
morphology and microclimate at a neighborhood
scale based on energy consumption, 14th
conference of international building performance
simulation association, Hyderabad, India, Dec. 7-9
Parker, D.C, Meretsky, v. (2004). Measuring
pattern outcomes in an agent-based model of edge
effect  externalities using spatial  metrics.
Agriculture, ecosystem & environment, 101(2-3):
233-250.
Perez-Lombard 1, Ortiz j, pout c. (2008) A review
on buildings energy consumption information.
Energy buildings; 40:394-8.
Pisello al, Taylor je, XU XQ, Cotana f. (2012)
Inter-building effect: simulating the impact of a
network of buildings on the accuracy of building
energy performance predictions. Building and
environment: 58:37-45.
Power Distribution Company of Kurdistan
Province, 2017). http://kurdelectric.ir/

48) Rahnamai, Mohammad Taghi (2003) "Settlement

37)

38

~

42)

43)

44)

45)

46

~

47)

issues and urban methods", center for
architectural and urban studies and research,
Tehran.

49) Ratti c, baker n, Steemers k. (2005) Energy
consumption and urban texture. Energy and

buildings; 37:762-76.



Space Ontology International Journal, Vol. 8, Issue 2, Spring 2019, 77-88

50) Ratti, carlo, nick baker, and koen steemers.
(2005). Energy consumption and urban texture.
Energy and buildings xxx: 1-15.

51) Ratti c, richens p. raster analysis of urban form.
Environment and planning b. (2004); 31:297-
309.

52) rode p, keim c, Robazza g, Viejo p, Schofield j.
(2013) Cities and energy: urban morphology and
residential heat-energy Demand. Environment
and planning b;41(1):138-62

53) Saaty, t. I. and Vargas, 1. g. (2006) Decision
making with the analytic network process:
economic, political, social and technological
applications with benefits, opportunities, costs
and risks. springer; softcover reprint of hardcover
Ist ed. 2006 edition (December 28, 2009).

54) Sadorsky, p. (2014). The effect of urbanization
on co2 emissions in emerging economies. Energy
economics, 41, 147-153.
http://doi.org/10.1016/j.eneco0.2013.11.007

55) Salat s. (2013) Energy and the form of urban
fabric: the example of Paris. Central Europe
towards sustainable building. Prague, Czech
Republic.

56) Simova, p., Gdulova, k. (2012). Landscape
indices behavior: a review of scale effects.
applied geography, 34: 385-394.

57) Sarralde J.J., D.J. Quinn, d. Wiesmann, k.
Steemers. (2015) Solar energy and urban
morphology: scenarios for increasing the
renewable energy potential of Neighborhoods in
London: Renew energy 73 10-17.

58) Schipper, 1. (2004) International comparisons of
energy end wuse: benefits and risks, in
encyclopedia of energy, C.J. Cleveland, ed., vol.
2, Elsevier, Amsterdam, the Netherlands, pp.
529-555.

59) Taaffe, e. j. and Gauthier JR., h. j. (1973)
Geography of transportation, prentice-hall,
Englewood cliffs, NJ.

60) Tsai, y. h. (2005). Quantifying urban form:
compactness versus sprawl. Urban studies, 42(1):
141-161.

61) United Nations. (2015). World urbanization
prospects the 2014 revision.

62) UN Habitat. (2016) housing & slum upgrading,
from: unhabitat.org/urban-themes/

63) Wang d. (2012) Household operational energy
consumption in urban china: a multilevel analysis
on Jinan: Massachusetts institute of technology.

64) Wiginton, 1.k, nguyen, h.t, pearce, j.m. (2010)
Quantifying rooftop solar photovoltaic potential
for regional renewable energy policy. Computers
environment and urban systems. 34 345-357.

65) Wong. NH, Jusuf .SK, Syafii Ni, Chen YXx,
hajadi n, sathyanarayanan h, et al. (2011)
Evaluation of the impact of the surrounding
urban  morphology on building energy
consumption. Solar energy; 85:57-71.

88

66) Yang, Perry Pei-Ju. (2016), Urban Form and
Building Energy Performance in Shanghai
Neighborhoods, CUE2015-Applied  Energy
Symposium and Summit 2015: Low carbon cities
and urban energy systems

67) Ye .h, Wang. k, Zhao. XF, Chen f, li XQ, Pan ly.
(2011) Relationship between construction
characteristics and carbon emissions from urban
household operational energy usage. Energy and
buildings; 43:147-52.

68) WCED, 1987.0ur Common Future. World
Commission on Environment and Development
Oxford University Press, Oxford.

69)  42nd period energy working group. (2012).
UCTEA chamber of electrical engineer's energy
efficiency report: Emo Publications p. 21, (in
Turkish).

70) Wang d. (2012) Household operational energy
consumption in urban china: a multilevel analysis
on Jinan: Massachusetts institute of technology.

71) Wiginton, 1k, nguyen, h.t, pearce, j.m. (2010)
Quantifying rooftop solar photovoltaic potential
for regional renewable energy policy. Computers
environment and urban systems. 34 345-357.

72) Wong. NH, Jusuf .SK, Syafii Ni, Chen YXx,
hajadi n, sathyanarayanan h, et al. (2011)
Evaluation of the impact of the surrounding
urban  morphology on building energy
consumption. Solar energy; 85:57-71.

73) Yang, Perry Pei-Ju. (2016), Urban Form and
Building Energy Performance in Shanghai
Neighborhoods, CUE2015-Applied  Energy
Symposium and Summit 2015: Low carbon cities
and urban energy systems

74) Ye .h, Wang. k, Zhao. XF, Chen f, 1i XQ, Pan ly.
(2011)  Relationship between construction
characteristics and carbon emissions from urban
household operational energy usage. Energy and
buildings; 43:147-52.

75) WCED, 1987.0ur Common Future. World
Commission on Environment and Development
Oxford University Press, Oxford.

76) 42nd period energy working group. (2012).
UCTEA chamber of electrical engineer's energy
efficiency report: Emo Publications p. 21, (in
Turkish).

"In terms of kilograms, the equivalent of crude oil for a dollar of
GDP is fixed at constant prices (2005 = 100).

" National Productivity Organization of Iran



