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Abstract

The concept of Sustainable Urban
Regeneration/Retrofitting (SUR) is considered a promising
approach for addressing most of the current environmental
issues. Developed countries have shown a growing interest
in achieving SUR in consistence with raising the efficiency
of urban performance. Since the energy sector greatly
impacts urban development, it is necessary to adapt new
approaches & frameworks (FW) to activate Energy
Efficiency (EE) in planning a new, not just Egyptian
settlement. Enhancing Energy Performance of Urban
Patterns (EPUP) is achieved by: (i) controlling energy
consumption of urban patterns; & (ii) pursuing energy
self-sufficiency. Egypt still confronts major challenges in
how to manage growing consumption rates in a way that is
not commensurate with the rates of growth of local
production. Practical case studies confirmed the failure in
applying the principles of EE in most urban pattern of new
cities. Therefore, the research problem is formulated as:
the current urban planning methodology in Egypt fails to
consider EPUP. Consequently, this research aimed to
develop a comprehensive Methodological Framework for
Energy Performance Measures (MFEPM) of spatial urban

patterns of new Egyptian communities. The MFEPM was
developed based on the analysis of relevant Literature &
comparative analysis of SUR case studies & tools,
resulting in a set of indicators (checklist) to measure &
minimize EE of the main urban systems forming the
diverse urban patterns. Next, the suitability of the checklist
for the Egyptian context was improved based on national
strategies & guidelines, and through questionnaires with
local stakeholders. Then, the MFEPM was tested on urban
pattern samples from new Egyptian cities through an
extensive qualitative analysis with GIS tools. Finally, the
MFEPM will be integrated into the strategic urban
planning methodology adopted by the researcher. The
MFEPM assists decision makers to apply the concept of
contingency planning through developing more efficient
interventions to cope with the dynamic urban context.
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that qualifies the level of sustainability and resilience of
urban energy systems in four cities. Applying the
To achieve effective management of the urban Driver-Pressure-State-Impact-Response
Framework
development system associated with the energy sector, it is (DPSIR) to select the appropriate indicators representing
necessary to focus on improving energy performance (E.P) EP.
through analyzing the final consumption of urban sectors
Furthermore, it is necessary to highlight recent studies
within the urban patterns, especially for new cities, with a that focused on developing a conceptual framework for
set of spatial approaches and interventions. In this research, assessing the adaptability and resilience of urban areas, by
the approach to sustainable urban retrofitting (SUR) will be identifying planning and design standards that can be used
adapted, as one of the most important approaches that to assess urban patterns. it implies that the city’s energy
focus on assessing urban performance in cities, and how system can combine main four capabilities that enable it
urban patterns are transforming towards achieving the to address “Availability” “Accessibility”, “Affordability”.
principles of efficiency and flexibility.
This is viewed as one of the other applied concepts for
This transformation needs to be controlled and oriented urban SUR. Accordingly, this research tries attempting to
by establishing a set of interventions procedures and comprehend and quantify the variables most closely related
principles, including Revitalizing urban areas; and to achieving EPPUP. The implementation of the plans and
modernizing urban transportation networks.
the measurement of their efficiency are done through
The Methodological procedure will be presented analyzing new Egyptian communities. Another FW has
through MFEPM, while the practice of SUR is conducted been developed to assess EE in urban areas. This FW was
by several models and simulation tools, which we are included in a workshop held in December 2015 under the
going to present through a collection of high-quality papers supervision of Dr. Ayoub Sharifi Joint at the National
that should support this research toward the assessment of Institute for Environmental Studies (NIES) in Japan.
AS for the Modelling Tools of Urban Morphology, they
EPUP of new Egyptian cities. Adapting SUR as a
promising approach necessitates specific consideration can be classified based on their configurations. In (sec 4.1)
we will provide a summary of available methods for
from various countries by prioritizing their needs.
Firstly, we must define Urban Energy Performance as simulating the potential impact of Urban Patterns
"the level of producing optimal outputs based on energy Parameters on its E.P. depending on this review, we
and other inputs through urban development activities specify the main and most relevant measures to build the
while being influenced by certain regulations and factors “checklist” used to analyze the two Egyptian cities (sec
[6]. In relevance to the literature, the EP can be defined as 4.2.4). CitySim 3D Simulation tool and SUNtool can
the spatial correlation that reflects the impact of urban quantify the energy demand at the urban scale, simulating
morphology and building topology on outdoor and indoor the impact of the urban microclimate on the energy demand
thermal performance with special consideration to the of buildings and the outdoor thermal comfort
Another Urban modeling interface is (UMI) a
climate context and it can be presented as Energy
optimization of urban forms and “energy-driven urban Rhinoceros-based urban modeling design tool, developed
design” which expose a combined effect and adjustments to improve the efficiency of new and existing
neighborhoods,[1][22] by combining with operational
of applying EP measures.
Secondly, An Overview of the most popular frameworks, energy use, daylighting, outdoor comfort, and walkability.
studies, and models is presented as follows; (HQE2R) (Refer to sec.5.)
One of the key questions addressed by this approach is
Sustainable Renovation of Buildings for Sustainable
Neighborhoods in a European research project. The “How can EE be achieved in the system of urban structures
emphasis was on evaluating various scenarios to improve for new cities? What conditions and needs must be
the quality of life, such as reducing energy consumption considered when planning future cities and their urban
extensions?"
and improving energy management. [15] [30][4]
It has been proven that enhancing EE can be
Eslam Mohamed (2013) emphasized a Tool for
analyzing the capabilities of E.P of the city planning (for accomplished through two main elements, the first is
building energy scenarios) and evaluating different urban energy savings and consumption reduction; secondly,
patterns by identifying the important variables affecting the achieving energy self-sufficiency on a large scale, which
raising of E.E, relied on INDEX Plan Builder 8, as a leads to increased access to affordable, reliable, and
planning software tool based on GIS [45]. The PLACE3S sustainable energy. After IRENA and UNDP reports in
method relies on measuring a set of quantitative 2018, it emphasized the importance of reducing emissions
performance evaluation indicators, which measure the to 40% in Egypt by doubling the share of renewables, this
energy and environmental impacts of implementation the has become an urgent requirement.[40]
anticipated development plans, thus affording quantitative
In principle, this question must be examined through the
information to assist urban planners in specifying their perspective of different urban structures and their
alternatives concerning the context.
dynamics. This analysis is linked to the criteria for
Yau Chew (2013) provided an exploratory assessment measuring EPUP by applying a set of mechanisms for the
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extent of flexibility and adaptation, which includes many
planning levels ranging from methods for distribution of
energy resources, passive design in buildings to sustainable
management tools and linking it to quality and intensity
of land use distribution, taking into account the provision
of a sustainable transportation system that integrates with
the previous variables as recommended by Sharifi &
Yamagata in 2016 [39]

2. Materials and Methods
To complement the above, the research will specialize in
the way to use simulation models and software to measure
the extent to which EE principles can be applied in
accordance with urban structures in new Egyptian cities by
developing an integrated methodological model MFEPM.
A competitive study must be conducted on samples from
existing new cities (AlAlameen-Zayed), to understand the
characteristics and patterns of distribution of land uses and
transportation system to succeed in equilibrium between
the two sides of the E.E. within the context of achieving
better EPUP. The MFEPM is expected to encompass two
parts: the primary cares with proposing mechanisms and
planning interventions within the prevailing urban
structural system as an approach toward EPUP. extracted
from the comparative analysis of worldwide case studies
and reviewing simulation models. Formulate an integrated
“checklist” for the foremost important urban variables that
are alleged to be taken into consideration when planning
new cities or their extensions within the future.
The research relied on the inductive approach within the
first part presenting MFEPM and SUR planning
approaches and projects that adopted the application of
EPUP, in addition to the qualitative analysis of the world’s
leading case studies, while the second and third parts relied
on the descriptive and deductive approach, through a
comparative analysis of local case studies to reach a set of
standards, indicators, and foundations for enhancing EPUP
in new Egyptian Cities. And the quantitative analysis of
official strategic planning reports and updating GIS
database are associated with a group of numerical and
statistical equations and correlations

3. Research Importance
According to the preceding, the implication of this study

appeared to be in attempting to find an explanation for the
failure to adopt a clear framework for implementing energy
efficiency parameters. Despite all efforts made in the field
of developing visions and strategies at the regional and
local levels to confront the energy crisis, The majority of
them did not achieve the concrete goals of urban
development at both the methodological and applied levels,
which directly affects the structure of the urban systems of
the city. It is estimated that the rate of energy consumption
by buildings alone exceeds 40% of the total energy
consumption in all sectors within the city (the guide for
improving urban planning efficiency in the Middle East
and North Africa, October 2013 [23] [33].
This is due to the ongoing increase in electricity demand,
which now exceeds 1,500-2000 MW per year (2018, New
and Renewable Energy Authority (NREA), and some field
studies have confirmed this (Shawkat, 2015), (Eco,2014
city roadmap for VTT technology).
According to Mahdy (2013) and Ibrahim (2013),[36][4]
the new generations of cities have become unsustainable
urban patterns as a result of the high thermal loads of
buildings caused by area expansion and external exposure,
while not considering the principles of environmental
planning and climatic conditions in the dry regions.[10]
As a result, these patterns do not correspond to the
characteristics of traditional Egyptian cities with high
densities, in which a high degree of diversity appears
among land uses.
3.1. Research Methodology
The research will address the process of analyzing and
evaluating selected models for some new cities in the
Egyptian context, to develop a practical FW to raise EPUP.
This is what will be addressed during the presentation of
the stages of the research methodology, which will begin
with evaluating the variables influencing the rise in EPUP
in Egyptian cities. Following that, MFEPM will be
developed to incorporate the foremost planning approaches
extrapolated from the evaluation process. Then translate it
to an applicable “checklist” interpretation of the possibility
of applying mechanisms and methods of SUR for enhanced
EP as a crucial approach to assess and guide the planning
process towards achieving sustainability and resilience.
Furthermore, the research will highlight the most important
principles and standards to be followed in planning future
cities and their urban extensions. (See Figure 1)
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Figure 1. Research Methodology

The first section presents important guidelines and
parameters to improve EP within the urban structure of
new cities by focusing on variables (density, patterns of
land use distribution, and their correlation with the size of
trips generated in the transportation system).
Methodological planning interventions will be formulated
based on literature and comparative analysis of SUR case
studies & models. This will depend on accurate measures
& indicators related to the geometric urban characteristics
in the new settlements. Consequently, the essential criteria
to be addressed in planning future extensions of new cities
are highlighted.
The second section is associated with the development
of analytical, intellectual MFEPM, which incorporates the
urban systems and variables influencing the process of
raising EPUP in new cities, as well as a set of planning
guidelines. Then, identifying the Planning Process and
mechanisms for implementing the MFEPM, will be clearly
emphasized through the planning methodology proposed
in Part II of this research.
Eventually,
Accomplish
the
morphological
characteristics of urban fabric (The most efficient urban
configurations) suggested by simulation tools and the
analytical studies that contributed to improving EE and
calculating the effects which will be highlighted and linked
to the appropriate climatic context.
The third section of the research presents a comparative
analytical study of selected common urban patterns
topologies of new Egyptian cities, followed by conducting
the UMI model for testing “EP checklist” and assessing
EPUP to identify opportunities and challenges for the
chosen cities. Concentrating on exploring the variables
affecting EPUP and setting their relative weights.

4. Literature Review
4.1. Aspects/Potential of on Energy Performance in
Urban Planning according to SUR
The retrofitting of less energy-efficient urban patterns
represents one of the most substantial challenges in the
transition to a self-sufficient city. Therefore, the integration
of parameters of EPUP must be considered regarding the
climate impact factors and different planning practices.
In this regard, we intend to focus on the initial
procedures of the proposed MFEPM that relates to
measuring and analyzing the EPUP using the checklist
extracted from previous literature and case studies. This
step is important to form an intellectual image of the
current situation and give the understanding to lead the
process toward applying more comprehensive accurate
SUR interventions using appropriate evaluation tools
consisting of the urban design scale [40] Consequently, the
tradeoff between energy consumption and production is a
critical policy recommended by (Kanters & Wall, 2014;
Naboni et al., 2019; Natanian, Aleksandrowicz, et al.,
2019a;) [12][35][3][28]
From the reviewing of different papers and reports
regarding SUR, this reveals the consistent growing
research interest in energy studies for sustainable
mitigation and retrofitting analysis. In the studies
conducted between 2015-2019, among the research topics,
energy production receives the most significant interest,
followed by studies dealing with the end-use of energy that
should attract more attention to the controversial issue of
enhancing EPUP (Kang et al., 2020).[14][16][32]
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There is increasing interest in studies that discuss the
transition to activate initiatives that deal with EPUP
through simulating the complex effects and processes and
examining the interactions between all the urban
configurations [33][1]
In this regard, the integrated models play a crucial role in
energy performance studies. Some models (data-driven
statistical and quantitative analysis) tried to combine the
numerical assumptions of urban variables and
microclimatic conditions to improve the accuracy rate of
predicting the impacts of urban morphology on EP,
especially for comprehensive energy use scenarios.
Simulation tools presented in this sec will be divided into
three groups building energy performance; microclimate
analysis, and tools to analyze urban neighborhood patterns.
First of all, “Energy Proforma,” testing “clean energy and
end-use profiles” FW by providing standard design
measures, benchmarks, and innovative alternatives,
especially in the planning stages in MIT, 2012 [37] Then
UEIB FW estimates energy use profiles for cooling/heating
based on a parametric and mathematical model that
presents architectural planning variables (FSI, GSI, and
Compactness Ratio) [16] and develops project scenarios. It
conducts an extensive analysis using thermo-dynamic
models (e.g., Reinhart et al., 2013) combined with a
statistical platform (e.g., Liu & Sweeney, 2012) [1][29][6].
Its advantage lies in providing a wide range of analyses
on different urban typologies and contexts. It allows
comparisons between the urban typology of cities with an
accurate reflection of the environmental performance of
buildings. The UEIB can design benchmarks for any urban
typology and predict variations in energy patterns
associated with urban transformations. [5] [20] [15]
The described models have a common interest in
representing specific variables that seem to have a
significant impact on EPUP and the building archetypes
(typologies) which are -surface volume ratios (S/V),
number of floor and size — Building density — Site
coverage (footprint)-intensity of the land use and are
defined by the relation of building footprints.
Taleb et al. [13][24][5] applied a model in Rhino to
produce a building form cluster that adapts to a dry and hot
climate, simulating environmental aspects such as solar
energy, urban ventilation, building form, and orientation to
accomplish the best sustainable EPUP.
Eventually, it approved that, the compact forms are
advantageous in terms of heating and cooling consumption.
But this can’t be the same if we consider the minimum
energy produced from the active solar design solutions. as
the less compact the urban form is, the great potential will
be accomplished. Research findings showed the great
effect of (UHI) on buildings' heating and cooling needs.
When UHI was not considered, the annual heating EUI
(energy use intensity) increased by 11-18 %; the annual
cooling EUI decreased by 19-58 % compared to the
situation in which UHI was considered [17][2][11]
On the other hand, discussing the conceptual FWs has a

noticeable contribution in demonstrating and guiding the
assessment procedures in practice such FW is called the
Energy Optimization in Urban Planning Model (referred to
as the "EnUp" model) which discusses efficiency in the
urban level [45].
4.2. The Main Aspects of Methodological Framework
This part aims to clarify the main components of the
proposed structural framework MFEPM, by presenting
each section briefly. The MFEPM is based on evidence
from the practical reality of cities, including what was
detailed and measured according to a group of mechanisms
that were not clear in the studies and reports despite their
importance. It is not possible to rely entirely on global
assessment frameworks, as a tool for setting policies to
activate EE and making planning decisions, despite the
diversity of classifications addressed by indicators at all
levels of design and planning, because it is based on
objective measurements and criteria. It is primarily
determined by what experts and practitioners agreed on
regarding the characteristics of sustainable design.
To achieve the goal of this paper, the study compiles the
most important results and then presents them in the form
of a tool MFEPM that permits planners to integrate
previous standards and measures within a systematic
framework measuring/monitoring EP applications through
anticipating the correlation between urban structure and
transportation system and their links to the energy
production and consumption systems, which will be
addressed by presenting the most important literary studies,
the analysis of applied simulation modeling, building tools
assumptions, and conducting a comparative analytical
study of some promising cases. The MFEPM consists of
four major elements:
1-The main urban sectors/systems that drive energy
demand in the city’s Urban Systems, 2- urban variables, 3Principles/Guidelines 4- Indicators and mechanisms
influencing the direction of the urban planning process to
achieve EE goals Tools/Indicators.
This MFEPM is an expression of the urban output of the
planning process, whereas the methodological output will
be discussed in the second part of the research paper.
The MFEPM includes three vertical axes representing
the hierarchy in the application of EE policies according to
the levels and stages of implementation of the plans
(strategy, policy, goals, criteria, and indicators) keymap
(see Figure.2) while the horizontal axes represent the main
urban systems under which the classifications of various
indicators standards/planning principles concerned with
the application of one or more goals. Each axis will then be
addressed separately to clarify the idea of integration and
the key indicators that have contributed to the activation of
EE in all stages of the proposed planning process for
sustainable communities.
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Figure 2. The main aspects of Methodological Framework of Energy Performance MFEPM to integrate energy efficiency Measures & goals &
issues within urban systems (Source: Researcher)

First: the inclusion of indicators within the four systems
of Urban Development.
The analysis was built on the physical components of
Urban Morphology and its characteristics which were
assessed using a set of criteria (derived from a review of
sustainable environmental planning theories and
approaches for new urban communities used in the analysis
of global experiences)
Second: the elements of the EE analytical FW are
interpreted in accordance with the operational level
hierarchy. It reflects the effects of applying the EE
foundations and standards by addressing the most
important issues affecting the concept of SUR as the final
product of the planning process within the researcher's
scope, (strategies translated into development policies,
regulatory and legislative axes, and then detailed criteria
and indicators associated with the implementation
mechanisms)
Third: within MFEPM, connect the systems influencing
the formation of the urban product and the stages of the
planning process. Appendix.2 explains the structure of the
framework consistent with the previous elements in
accordance with the stages of the proposed planning
methodology, which incorporates the inclusion of the most
important indicators and operational mechanisms
classified according to urban systems, to support the
application of EPUP and associated mechanisms and its
reflection on one main urban system.
4.2.1. The structural framework consists of four main
systems that can be described as follows:
The majority of city analysis studies have been linked to
a set of systems that reflect different patterns of energy
consumption and production, as it becomes clear of the
necessity of balancing the requirements of urban
development (from the perspective of the demand axis) and
the needs of the energy sector (from the perspective of the
supplying axis as mentioned in Young Cities Research
Briefs, 2003 & Moudon, Anne Vernez, 2009 [31] Urban

morphology
as
an
emerging
interdisciplinary
field.[20][17].
It was confirmed that the implementation of EE policies
and indicators follows changes in the urban structure of
cities and their patterns of energy consumption. And that is
exactly what has been adopted by the global FW and
strategies toward reducing energy demand under energy
retrofitting plans and programs within the physical urban
system. One of the most important documents proposed at
the urban level is the "Green Paper” [4] which includes
policies to reduce the environmental impacts of urban
activities by using a specific and clear approach to applying
energy management criteria and indicators in the urban
system, "focusing on two sectors: urban transport. (15-35%
of total urban energy demand according to world
statistics)[16] and the residential sector (representing
approximately 40% of total energy consumption)[37],
which was verified by reviewing global frameworks, as the
one applied in Copenhagen, the first green sustainable city
in the world according to The Green City Index 2014
within the PLLEC (Global Green Zero Emissions vision
2025). The World Bank's annual reports (WB,
2011.2015.2020) [33] also confirmed differences in the
energy consumption rates of major urban sectors according
to the economic classification of developing and developed
countries. (World Bank's economic classification (WB,
2011) [22] clarifies differences in consumption efficiency
patterns according to income levels and technological
progress, thus, leading to develop methods to deal with key
issues associated with improving EE based on this
classification. On the other hand, it was fundamental to rely
on the reports' concern about the analysis of energy
consumption patterns by representing the components of
the urban physical system and analyzing it at the level of
the interactions of the internal variables. such as the study
of EU Transport in European Commission, 2015.[15]
These studies have been used to highlight differences in
energy consumption patterns in major systems. It had a
great influence on defining the physical characteristics,
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measurements, and planning parameters of most EE
consumption patterns. And it had to be affected by the
direct impacts of Climate Conditions on the improvement
of EPUP. Among these studies, what dealt with the
development of a detailed plan considering the needs of the
energy sector according to the so-called “The analysis of
energy consumption patterns through the main urban
systems” (inventory list), intends to arrange the relative
weights of the main urban systems affecting the highest
energy demand rates and formulating the operational goals
for each, then translating this into executive programs and
a set of measures.
Therefore, the improvement of the EP of cities is directly
related to the main four urban systems that constitute the
most important guidelines deduced from the analysis of
the energy demand sector which deals with a set of key
variables as follows; (i). Distribution of land use and a
sustainable transportation system (ii). Green structures
(principles of Bio climatical Design) (iii). Infrastructure,
and energy flows. As shows in (Figure.3) As a result,
some standard guidelines and indicators must be clarified
to compare the energy consumption patterns of the major
urban systems and the classifications that follow each of
them.
4.2.2. Main Principles/Guidelines
The main Guidelines and indicators are both the final
outputs deduced from the comparative analysis of global
case studies that adopt the EE principles towards
measuring the EPUP, with the aim of identifying the most
important planning tools from the perspective of SUR.

Accordingly, the researcher intends to connect the main
issues and objectives of E.E applied through the main
urban system with its suitable guidelines, policies/issues,
and spatial measures or qualitative indicators that
contributed to structuring the MFEPM in (Figure.4)
[4,15,18,33]
Firstly: Demonstrate the connection between the
proposed mechanisms and the goals of implementing the
energy efficiency approach in urban systems (guiding the
urban planner towards implementing specific goals related
to the specificity of the case and sustainable development
plans)
Objective: Optimum utilization of resources and
achieving “self-sufficiency” is achieved through the
application of mechanisms to improve the efficiency of the
energy production and distribution system and its final uses.
(Managing energy flows in the urban system)
 Applying standards and design principles for
energy-saving green buildings = the number of
buildings that have received LEED certification and
approval
 Diversifying energy sources and relying on
alternatives, especially PV, which can provide
40-50% of the total demand for electric energy in the
housing sector.
Objective: Maximizing the use of environmental design
in simulating climatic conditions. Bioclimatic Design =
climate oriented as one of the axes of the environmental
emissions management plan.

Figure 3. Main Urban development Systems integrated in the MFEPM (Adapted by researcher based on the Analytical Review of theoretical studies
and Case studies of EE)
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Figure 4. Guideline’s policies/issues and spatial measures in the structure of the MFEPM (Applying on Transportation system) Adapted from; the
Literature review of the frameworks and programmes enhancing energy performance of global case studies [4,15,18,33]
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Table 1. The characteristics of urban structure/patterns that achieve the efficiency in energy consumption
spatial Tools guidelines/ to apply
Energy Efficiency principles

Potential average energy savings
(based on global cases& analytical studies)

Explain of Indicators

Urban structure (densities- land use ditribution-urban pattern)

Decrease the building footprint

Diverse corelation between density
factor and the built footprint
(if the density raised up then F.A.R
would propably decrease=urban
compactness
It’s the suitable approache to minimize
energy consumption for traveling




Save the needed energy for daily trips (each
houshold/family)
it contributes in minimizing the operational
energy (each household/family) by 3.5%
and the embodied energy by 8%

Saving operational energy of household by 7.5%
and saving 7% from the needed energy for daily
trips

Minimize the external xposure of housing
units

Providing a safe pedestarian
saving daily need of transporting energy
friendly zones (walkability)
(work-home trips/household) by 17%
Apply the concept of mixed land uses on
Increases
frequency
of

Mixed use +jops+social activities+services
combined services and activities
the vertical/horizontal level
in the range of 500m of the transport
that reduces the energy
node
consumption rates in moving

The rate of energy consumption in the Apartment style is 10-30% less than the rate of consumption in detached in all
situations due to the small functional area occupied by the building
(Norman et al.,2006)








The rate of operational energy
consumption inside the building
The rate of consuming embodied
energy






related to three basic variables:
(the urban compaction ratio, the
S/V ratio, which expresses the
external exposure ratio of the
mass)
the average building heights
(structural densities)



Multi-storey residential buildings achieve
the least external exposure to the surfaces
the lowest rate of heat gain in summer and
loss in winter, at a certain level of height
after
which
the
potential
energy
consumption increases according to the
urban pattern
in most readings, this represents a
percentage ranging between 50-15% of the
total operational energy consumed in
performing functions and operations within
the building (Cole and Kernan1996, Scheuer
et al. 2003, Treberspurg 2005, Sartori and
Hestnes, 2007)

Principles of Bioclimatic Design (its link to orientation factor) (Passive Design)
Decreasing the direct effect of sunlight (in
hot summer)

Reduce buildings that are directed
towards the southern façade
contributing to reduce cooling loads

Provide more operational energy to use in other
purposes


The right direction of the buildings
contributes to increased external exposure
in the direction of cooling winds








The link between prosity and the
expected consumption of energy
equivalent to the total green and
open areas divided by the average
height of buildings in the
neighborhood
or can also be expressed in the total
area of spaces divided by the total
area of buildings (dam and open)
this factor reflects the ratio of
urban connectivity of the pattern

The perpendicular of longest
wind-based facades is a necessity to
make the most of the prevailing wind
flow, bearing in mind that this wave
can.



maximizing wind use (reducing thermal
loads and providing natural ventilation
/reducing cooling loads in summer) if
the optimal orientation is at a 30 degree
angle between the longest front of the
building and the direction of the wind either
at the direction of the clock or the opposite
( the application of it depending on the
climate conditions and location)

The higher the porosity factors at the neighborhood level, the greater the natural
ventilation and cooling capacity, which weakens the thermal load in this area in the
summer.
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Table 1. Continued
Principles of Active Design (technology methods of urban design )


Application of Active design technology
at the building level

Application
of
thermal
insulation
systems
and
activation
of
temperature
control systems where one
house consumes approximately
30-50% of the operational
energy in heating purposes at the
level of most environments and
climatic conditions

Improving the efficiency of the functional
performance of the building by 65% and these
mechanisms are effective in reducing consumption
and saving energy

Planning of sustainable Urban transition system
Provide an integrated network of public
transport at all levels of the citys planning
and connect it to the pedestrian network

Linking population densities with the
quality of the transition system to
achieve the highest economic and
environmental operational efficiency

Mass transit networks should cover 60-75% of the
city's planning areas

Mixed-use areas usually reduce the use of cars by 5-15%, doubling the urban density reduces the distance that an individual usually travels
by using the car by 25-30% (Handy and Boarnet, 2010
Parking Management”

set of surveys have shown that paying a parking fine usually reduces parking use by 10-30%
and requires 35% of car owners to use public transportation (Boarnet .2010) (Frank, et al.
2011)
Energy flow and production applications





directing the roofs to integrate
solar systems into the architectural
design system of buildings on a
neighborhood scale (solar heaters)



Standardizing the heights of the
buildings as much as possible to
maximize the savings resulting
from the use of solar energy
to ensure the application of
renewable energy production
systems (buildings less than 12
floors are the most benefiting
from solar heater systems, for
example) (yuan.2011)

Mechanisms: Roof planting reduces the temperature of
the surrounding environment by an average of 9 degrees, as
a decrease in the temperature of the internal environment of
the building by one degree is equivalent to a 10% reduction
in the electricity bill [4]
Secondly: the characteristics of urban structure/patterns
that achieve the efficiency in the energy consumption
(Table 1)
4.2.3. proposed methodology within the theoretical
framework for SUR and EPUP activation
The theoretical framework and approaches of scenarios
presented a set of operational issues and objectives related
to the activation of SUR have been concluded through the
planning approaches and energy management plans such as
(the EU-GUGLE strategy, planning approach for more
energy-efficient cities PLEEC linking it to users' final
consumption patterns, measuring transitions towards
sustainability pillars ARTS project) these shaped the final
form of the proposed MFEPM in form of projects and
programs. (Figure.5) [1,8,18,20] depicts the eleven stages,
which are divided into basic and complementary or





to raise the efficiency of energy production
from photovoltaic cells, the amount of
electrical energy produced should not be less
than 10% of the total operating energy at the
level of the housing unit
(The ratio of the surface area covered by PV
to the total volume of the building should be
as large as possible (building couvrage and
surface to volum ratio)
as the design of superblock buildings can
support only 10% of their needs of electrical
energy, when 90% of the roofs are covered
with cells,

transitional stages that represent the link between the basic
stages and inputs to the next stages.
4.2.4. Classification of Indicators adopted by the
researcher (according to theoretical framework
analysis)
Although the global classification of indicators
frameworks is among the most important tools for
assessing EPUP, it is insufficient because most of them
lack an important element of coherence and inclusiveness,
particularly during the implementation phase. It is
primarily associated with the level of the architectural
design of green buildings. So, the researcher attempted to
reach for a finalized list of indicators that will reflect a
specific quantitative representation of the RPUP
concentrating on built structure and transportation sector.
Taking its credibility and consistency from analyzing the
main results of the most applicable simulation tools and
urban models, as well as the most recent papers guaranteed
its significant influence on improving the quality and
performance of urban patterns through the interventions of
SUR.
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Source: Researcher based on theoretical framework analyses [1,8.18.20]
Figure 5. Urban planning methodology under the proposed MFEPM towards achieving energy efficiency in new communities
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4.2.4.1. Finalized the main “checklist” to measure EPUP
It was necessary to consider the relative weights of the
key stakeholders that contributed to the final formation of
the list used later in the practical case studies in this paper.
In this regard, we take the results of Al-ATTAR thesis
“Green transit Corridors as an Approach to sustainable
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urban forms” published in 2018. It conducted a
questionnaire with experts to recognize the association
between urban form parameters in relevance to the
transportation system.
It is regarded as a guide in defining the importance of
key indicators that must be integrated into the final
“checklist” Table 2

Table 2. The Final Updated Checklist of Measuring Energy Performance in urban patterns used in the case study (Based on Rhino & UMI measures,
Conducted from the literature of global cases and review of the simulation Models)
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Table 2 Continued
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Table 2 Continued

Which were developed to measure and monitor the
progress of chosen new Egyptian cities based on the
previous (sec 2.4) and by extracting influential high impact
factors from the review of optimization models for
energy-driven urban planning (mentioned in sec6.1)
associated with tools analyzing the EPUP according to
environmental and local climate data and physical
variables that influence the change in energy consumption
patterns (see Table 2).

5. Methodology of Case Study
5.1. Analytical Scale and Tools
A critical issue exists in the analysis of key deficiencies
affecting the EP of new Egyptian societies. with
remarkable efforts to establish a "checklist" of the basic
criteria for improving the E.E of Egyptian cities' urban
systems within the "RCREEE's guidance framework, and
"EE Building Guidelines for the MENA Region 2013"
Egypt Vision 2030 [21][33] in collaboration with the
MED-ENEC Foundation and one of the European Union's
developments programmes.
Therefore, we need to concentrate on understanding &
monitoring the current situation as a prerequisite
requirement for pursuing the S.U.R. The following is a
systematic examination of the most prevalent patterns in
the urban contexts of Egypt's four generations of new cities.
They will revolve around three main aspects: (i).
presenting the influencing indicators extracted from the
model’s applications and linking them to the efficient
patterns concluded from the global experiences and

E.Proforma model (ii). comparison with the local samples
of urban patterns to define which of these are most likely to
meet all the criteria for the least consumption. (iii).
analyzing two urban cities with a variety of patterns.
5.2. Analytical Scope (Selection of Urban Patterns)
The following (Table analyses the characteristics of
urban form: The Analysis is based on the urban
configuration variables of urban patterns related to the
accessibility of transportation and densities represented by
(S / V ratio H / W ratio) in addition to analyzing the
variables related to the elements of urban structure, the
relationships between buildings and spaces (residential
block level), their heights, and the materials used in
construction. It is noticeable that Zayed city represents
modern planning urban pattern, unlike Alameen New city
which adapts the smart green cities of the fourth generation,
and this is precisely what will be discussed in the
comparative analytical study.
5.3. Workflow Integration
Applying the previous “checklist” of indicators by
analyzing Google earth satellite maps and incorporating a
GIS Geodatabase with Urban Network Analysis (UNA)
toolbox using Rhinoceros illustrates the spatial patterns of
cities using mathematical network analysis methods
presented, to support better and more resilient urban
planning, which provides an excessive evaluation based on
five forms of graph analysis measures on spatial networks:
Reach; Gravity; Betweenness; Closeness; and Straightness.
Allow buildings to be weighted based on their specific
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characteristics City Form Lab (mit.edu). [5] For energy
simulation, we rely on UMI Rhinoceros 3D +
Grasshopper1 (Urbano plugin) e+ software to combine the
3D modeling of buildings, calculation of geometric and
planning variables shown in (Table 2,3), then operate the
performance simulations. For the weather data file in
energy (e+) we used the station of Cairo International
Airport for Zayed, and the station of Alexandria for
Alameen.
5.3.1. Urban characteristics of the most efficient urban
patterns
It was necessary to address the clarification of the
characteristics of urban patterns that achieve better EP. The
integration between the variables has a high possibility of
accomplishing remarkable savings, as evidenced through
the applications of international case studies. Their
importance was also emphasized conferring to simulation
models, the most important of which is the Energy
Proforma platform. (http://energyproforma.mit.edu/)
predicts
the
net
present
energy
value
(operational/embodied/transport/ onsite renewable energy)
referring to urban variables and measures using
empirical/survey data. This part is about classifying the
urban patterns that are more efficient in consumption
adapted from the comparative analysis of 23 prototypes
within moderate regions in E.proforma and other global

cases presented in Appendix 2. In the following two parts,
the researcher will use this pattern as a reference case to
determine the potential efficiency of the chosen samples
with correlation to the analysis of the UMI model (sec.5)
W while conducting a Spatial analysis of energy
consumption patterns in urban structures of the samples is
based on three main aspects:
I.
The “context” geographical surroundings and
climatic conditions of the city are among the
crucial factors that have a great influence on the
rates of energy consumption and the potential of
energy generation.
II.
“operational energy” is regarded as one of the most
energy-intensive sectors in the urban system, with
direct links to energy consumption rates for cooling,
heating, and lighting purposes.
III.
“Consumption patterns of the urban transport
system” and its operational characteristics related
to trips volume and distribution, which is
considered a priority sector due to its high potential
for energy savings within the city. (Out of scope)
Eventually, the following urban patterns are widely
accepted as the most efficient in terms of
minimizing energy consumption rates and
improving urban system performance. (See
Appendix.2)

Table 3. Measures Used in Rhino NET work analysis to discover the potentials of applying TOD affected the energy performance EPUP
Variables
indication

Equation
𝑅𝑒𝑎𝑐ℎ[𝑖]

Reach

Straightness

Gravity

Betweenness

=

𝑟

�

𝑗∈𝐺−{𝑖},𝑑[𝑖,𝑗]≤𝑟

Straightness [𝑖]𝑟
=

�

𝑗∈𝐺−{𝑖},𝑑[𝑖,𝑗]≤𝑟

Gravity [𝑖]𝑟
=

𝛿[𝑖, 𝑗]
⋅ 𝑊[𝑗]
𝑑[𝑖, 𝑗]

�

𝑗∈𝐺−{𝑖},𝑑[𝑖,𝑗]≤𝑟

𝐵𝑟 [𝑖] =

𝑊[𝑗]

�

𝑊[𝑗]𝛼
𝑒𝛽⋅𝑑[𝑖,𝑗]

weight

Search

600

nearest

count

600

nearest

600

nearest

𝑛𝑗𝑘 ⌊𝑖⌋
𝑛𝑗𝑘

𝑗,𝑘∈𝐺−{𝑖},𝑑[𝑗,𝑘]≤𝑟

Detour
ratio

Distance

res

work

serv

ent

mix

count

area

area

area

area

count

area

area

area

area

nearest

1.15

count

count

count

count

count

800

1.15

count

area

area

area

area

1000

nearest

1.15

count

area

area

area

area

1000

nearest

1.15

count

⋅ 𝑊[𝑗]

#𝐷𝑃

Patronage

Closest
facility
distribution

𝐶[𝑗] Patronage = � 𝐷𝑃[𝑖] Weight
𝑖

⋅ 𝐷𝑃[𝑖] Probability [𝑗]
1
⋅ 𝛽⋅[𝑖,𝑗]
𝑒
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Figure 6. comparison between the main Urban parameters for the chosen pattern in the Egyptian New cities (From Google Earth images/GIS
database/official reports)

5.3.2. Urban Pattern Classification in Egyptian New Cities
Presenting the most common Urban Patterns of Egyptian
New communities
The classification was done based on the main urban
variables for the most common pattern to associate the
guidelines of EP with the empirical analysis of New Cities.
(Morphologically homogeneous fabric) (See Appendix.1)
Therefore, we can predict the potential average energy
consumption regarding the characteristics of the most
efficient patterns globally adapted from (Appendex.1).
After conducting research on new cities in four generations
using (Google Earth images/GIS database/official reports),
the representative urban patterns were chosen to identify
the most common samples with a specific similar area. For
each urban pattern structure, the following information was
provided: Building density (S/V – built-up coverage –
F.A.R – Open Spaces Ratio – housing type) (Appendix.1).

This was followed by a categorization of each pattern
based on its main geometrical characteristics and
parameters of housing typologies. We identified 23
different urban fabrics that correspond to three economic
housing classes (high – medium-low), as well as a
thorough scan of Egypt's four-generation of new cities.
Take a sample from the 1st as 6th October, the 2nd Zayed,
the 3rd El-Rehab, and the 4th Al-Alameen. Finally, an
extensive analysis of two cities with the most varying
urban patterns is carried out. There is a noticeable variation
in FAR and built-up areas when comparing the patterns of
high and low income, as shown in (Figure 6)
 it was almost constant in the high-income housing
(from 21% -25 %) with a significant difference in its
FAR (1-6) that reflects urban sprawl of the fabric with
medium population densities such as 6 October &
Zayed.
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while the majority of patterns in EL-Rehab and
Alameen contradict the last result as occupied a
built-up area ranging from 25% to 70%, with greater
consideration given to the mix of housing classes with
similar requirements and the application of the
principles in terms of green urbanism and land
economies.
in low/middle-income areas with small FAR (2-5) the
height rises as the population density rises (200-250
p/a). While they keep rising in the high-income level
as densities remain low (30-100 p/a)

In Zayed City One of the urban patterns (no1) includes a
high proportion of green spaces and recreational uses,
which occupies 20-25% of the neighborhood reflects a
high level of well-being compared to the formation and the
traditional urban pattern of Egyptian cities such as
(Madinaty/ Al Rehab in New Cairo/ Zayed) [25].
As previously discussed in (Table 3), larger green spaces
have a negative impact on the rate of thermal comfort,
particularly in hot climate and humidity regions, due to
heat absorption from sunlight. It also allows for long
distances between buildings, which increases cooling
thermal loads (diffuse patterns).
Detached residential formations are predominant, which
raises the S/V ratio, and reflects very low densities and
greater outdoor exposure. Represented in the second
pattern (Zayed a,c ) with high motorized dependency and
built area of only 30% to 40%, and this is reflected in the
formation of scattered urban patterns.
For pattern Z2 which formed in the shape of regular grid,
its structure does not reflect special hierarchies and the
public space is represented by main roads. In contrast, the
residential structures are characterized by intensive blocks
of housing buildings for one or two families organized into
small lots, with their own gardens, completely dispersed.

6. Results and Discussion
The UNA is presented through four types of spatial
connectivity indices: Betweenness, Gravity, Reach,
straightness, and patronage. The first describes foot-traffic
forecasting and its relation to activity and mixed-uses
distribution in relation to transit stops and housing
densities by defining the origin and destinations; the

second estimates where and how people might be walking
in different parts of this area depending on the power of
attractions of each destination. While the third index
evaluates how many types of destinations are accessible
from each origin within a given walking radius (e.g., 200
meters). The more mixed-use, works, parks destination
available, the higher the index. We predict the most
preferable walking routes from transit corridors stations to
mixed use, work areas, and recreation destinations in the
entire city based on detailed reports of design plans and the
RHINO UNA analysis of both cities. We modelled all
these paths in the UNA Toolbox using Betweenness
analysis and kept track of which network segments were
most heavily used, as shown in the maps. (Figure.7,8,9,10)
The Betweenness and reach index reflect the housing
areas covered by the statins' catchment area with the
highest accessibility rates in a radius of 500-600-800 m,
with the footfall color-coded from green to red as traffic
increases. The findings appear to be similar in both cities,
with more accurate results in Alameen as all major
shopping destinations located in the catchment area of
stations distributed along the transit corridors toward the
main CBD in the west north.
While in Zayed, movement flow varies due to the sharp
segregation of different housing typologies/patterns in
separate zones, in contrast to Alameen, as each type shows
different rates of dependency on PT due to the unhomogeneous economic classes as shown in the trip
distributions and VMT (Figure.7).
The Gravity and betweenness indexes in various
segments can be relied on explaining the attraction power
of mixed business and work patterns. It frequently prefers
to locate on high-foot trafficked paths between major
origins and destinations. Business’s locations do not rely
solely on passersby but value customer spillovers from
other businesses may occupy second-best locations near
pedestrian currents, where side streets rents are lower [38].
(Figure.7) illustrates a network-based Reach accessibility
metric specified to measure the most preferred routes for
work and mixed-uses environment within a
200-400-600meter walking radius.
The results in (Figure.7.A,B,C) suggest that the highest
concentration is found around PT, and it would be possible
for a pedestrian to reach up to 88 different places within a
3-minute walk.
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Figure 7A. Betweenness work & mixed uses (Accessibility Analysis in Rhino and the coverage area from Publix Transit stations (500m)
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Figure 7B. The closest facility with its straightness to transportation station and residential uses

Figure 7C. patronage of residential uses with its Gravity to transportation stations (Rhino7 with Grasshopper & GIS network Analysis)
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Both cities have great potential regarding connectivity
and accessibility
I.

Providing an integrated public transportation system,
increasing connectivity to the main road network,
and linking mixed-use centers via bicycle and
pedestrian paths.

Since the chosen area is approximately ten km, Alameen
City's plan has been geared toward reducing reliance on

Figure 8.
(500m)
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individual transportation and increasing the efficiency of
using public transportation. At least 30% of residential
units and non-residential functional entrances are within a
quarter mile walk of bus/LRT stations or a half-mile walk
of light rail stations. Catchment area for buses) so that the
service ranges of public transportation stations cover all the
city's planned areas. While Zayed has a low dependency on
public transportation (Figure 8,7C)

Zayed Reach Accessibility Rhino Analysis from residential use to transfer station in range of 200-400-800 from Publix Transit stations
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Figure 9. Classification of Entertainment services with its Betweenness from Transit stations and the Betweenness of work zones in Zayeed and
Alameen New cities (Source : Researcher based on Rhino with Grasshopper & GIS net work Analysis)

II.

Obviously, the principle of concentrating mixed
uses around the meeting points of public
transportation lines. (TOD-Transit Oriented
Development) was integrated into Alameen by
proposing four complementary PT lines a light rail
line LRT, Tram, MRT (super tram) passing through
the center part of the CBD (Greek Latin District) to
link it with all sectors, creating interchange points
between all the proposed sectors. While Zayed did
not pay more attention to applying it except along
the main central city center and some pedestrian
axes seem to appear after the city's occupation.
(Covered almost 38% of north chosen districts and
only 15% of the south chosen ones) applying it
except along the main central city center and some
pedestrian axes seem to appear after the occupation
of the city. (Covered almost 38% of north chosen
districts and only 15% of the south chosen ones)
(Figure 9,10)

III.

By planning a comfortable network of
non-motorized pedestrian and bicycle paths, both
cities encourage environmentally friendly and safe
transportation alternatives. This is expressed in the
use of two modes of movement within the city. It
also allows for the presence of parking spaces, as
visualized in the walkability indicator.

The "Car-free zones" " are areas designated solely for
pedestrians and bicycles, particularly in Alameen's districts
RD2, RD3, and high-class housing MD3, MD7.
High mixed uses business and hotel district is considered
as a multi-use homogeneous fabric at the vertical
densification level on multiple floors or at the level of
built-up areas.
IV.

The service center is centrally located between
residential groups, while the sub-service centers
are on the arterial road, making it easy for
residents in the neighborhoods to obtain any
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service. As the reach index for services and works,
it demonstrates that Zayed has more than 10000
residents within 800 m of most districts and over
14000 within a radius of 600 m, whereas Alameen
has more than 70% =60000 residents within
400-800 m of the works and mixed uses
depending on distribution of the transit points.
(Figure 7,8,9)
V.

Ease of access to recreational facilities and
attaching them to residential neighborhoods, as
the network of green areas and recreational uses
is designed so that an area of at least one acre is
located within a half-mile walk of 90 % of new
and existing housing units and non-residential,
which will be reflected in reducing the volume of
trips (vehicle miles travelled) VMT and energy
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consumption by 23 % figure (shortest road
straightness). While Zayed only generates 37000
to 100000 trips per day in districts 13 and 14
(destination of work and education)
VI.

Considering environmental dimensions in
building architectural design to maximize the
benefit from daytime lighting and improve
thermal comfort conditions by directing buildings
east-west at a 15-degree angle, particularly in
Alameen. In comparison to Alameen in pattern
RD 6,4,3 (H/W =0.24-0.74), Zayed had a
minimum h/w ratio of 0.1 and a maximum h/w
ratio of 1.3, which affected the energy
consumption of cooling and heating energy to
reach high rates. (Figure 8,10)
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(Source: Researcher based on Rhino simulation with Grasshopper &UNA & GIS network Analysis)
Figure 10. Classification of Residential classes and the distribution of work centers with correlation to the hierarchy of transit corridors in Alameen
city

VII.

In Alameen, Reducing Parking Footprint by
allocating it for residential groups that do not
exceed 14 % of total built-up area, whereas the
LEED system requires parking spaces that do not
exceed 20 percent of the residential
neighborhood's built-up area.

As previously stated, "The Reach measure" is listed in
the applicable checklist table. (Figure. 10) shows a radius
of 600 m applied to Alameen buildings weighted by
building volume. The output indicates how much built
volume can be reached from each building within a
600-meter walking radius. Higher Reach values are
associated with areas with larger buildings, more dense
patterns, or a denser street network.40 % of built-up
districts reach in a 600 m walking radius of transit lines.
Whereas the Reach simply counts the number of

destinations around each building within a given Search
Radius (optionally weighted by building attributes), the
Gravity measure demonstrates the spatial resistance
required to reach each of the destinations, presented on the
nodes of both cities with high rates according to the high
centrality index in most of the highly populated districts. It
mainly appears when the radius is related to the shortest
route between each of the nodes.
In Zayed, the PT network is deficient figure 4, it cannot
cover all the districts and just a small number of commuters
inside the city depending on the motorized travel in Cluster
1 referencing to the highly developed areas containing
business zones, majority of the commercial facilities,
employment, reflections on the dispersal and TOD index
with the highest attraction in all indicators within an 8–
10-min walk (500–800).
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6.2. Examining the Potential of the Energy
Performance of Chosen Egyptian Patterns
In this step, we run an experimental analysis using the
UMI tool, to configure the effect of different patterns on its
energy consumption and its correlation to the previous set
of indicators. UMI implements four types of analysis
within Rhinoceros (Grasshopper) (See Figure.11). For
predicting Operational energy EUI consumption, mobility,
life cycle analysis, and daylighting. The workflow chart
begins with building a simulation model consisting of
building envelopes, amenities, green areas, and shading.
All the necessary data is settled in the loaded Templates
into energy plus with climate files for exact locations.
Then choosing the operational measures for each group of
buildings (housing units, mixed uses, office buildings) with
defining window-to-wall ratios and other parameters, as
demonstrated in (Figure 12,13). We choose samples of
different patterns in Alameen and Zayed City to compare
their results.The chosen patterns consist of different types
of housing (single-family, detached housing and apartment
buildings, villas) with different heights of 2-6 floors.
Most buildings have windows oriented to the south. As a
result, the housing demand scores a high rate in all the
patterns of cooling, peaking in August, especially in
sample C in Zayed with 50% glazing ratio which increases
the cooling loads. It is obvious that these measures differ
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completely from one case to another as, the patterns Z1, Z2
in Alameen with FAR 1.6,1.1 have a balanced
consumption along the year in contrast to the pattern a and
c in Zayed with 0.1 and 0.6 FAR, as the HVAC system
consumes 20-40% in Egyptian urbanism, while in the city
of El Alameen, the shift towards the use of solar thermal
energy collectors has a significant impact in predicting the
energy consumption rates. Refer to (Figure 12,13).
The patterns of Al-Alameen are generally more
conservative regarding its consumption of the operational
energy, ranging between 55 and 120 KW/H. In terms of the
heating demand, it shows a close rate in most of the cases
of the housing unites oriented toward the NW or SE (the
worst-case a, c Zayed the best one Z2 Alameen). Even
though Zayed c considers the worst in terms of
cooling/heating loads. But it’s overall operational energy
became so unique and acceptable in comparison to Zayed
a,b. which merits further investigation in another study.
Besides that, the Diversity of land uses plays an essential
part in raising the cooling demand in Z1 especially the
buildings of mixed housing and administrative service
(CBD zone) with a high concentrating of commercial and
office activities which define the urban centrality. As
shown in (Figure 12,13) While Z2 have a mixed uses of
30% which shows a constant rate of cooling and heating
consumption.

(Source: Researcher)
Figure 11. Energy Simulation Workflow in UMI
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Figure 12. UMI simulated Results and Spatial distribution of average annual specific energy consumption Intensity EUI (Zayed patterns a.b.c) (Al-Alameen pattem 21,72,23) Predicting the cooling/heating/lighting demand
based on the spatial geodatabase GIS of each city
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Figure 13. UMI simulated Results and Spatial distribution of average annual specific energy consumption Intensity EUI (Zayed pattems ab.c) (Al-Alameen patterm Z1.72,Z3) Predicting the cooling/heating/lighting demand
based on the spatial geodatabase GIS of each city.
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7. Conclusion
The final methodological framework is being developed
with the goal of "activating energy performance measures
within the urban planning system of new communities" by
developing a set of policies and operational mechanisms
associated with various planning levels and methodology.
The importance of simulation tools must be considered
at every stage of implementing the proposed MFEPM,
particularly, having more beneficial effect during the
monitoring and evaluation stages.
Although some simulation analysis use plots per hectare
as an indicator, it doesn’t consider a reasonable indicator
for this research. Because it does not provide data neither
about the urban form nor about the geometric physical
characteristics, which doesn’t affect the sensitivity of
urban energy performance. Therefore, the graphical
representation and diagram analysis show the robust
correlation between the five factors which promote the
enhancement of EPUP and the thermal comfort of urban
patterns. This practical study aimed to make a comparison
between the relative parameters of different urban patterns
in terms of configuring the possible potentials toward
urban energy optimization, as a consequence of the
variation in demand of urban forms, the study reveals that;
1- The EP of rectangular patterns is higher than the
circular, and the use of the row houses is more
desirable in the selected forms with constant density
and building height, which have a noticeable effect on
the heat loss rates and energy demand, appearing at the
forms with relatively low building height, and optimal
differentiation in density. However, the decreasing of
density with more than 5 floors affected negatively on
the consumption, as the site coverage, and the surface
to volume ratio decrease accordingly.
2- Referring to FAR as an influence parameter related to
the expected levels of energy demand when analyzing
the hourly intensity consumption profile of the
different archetypes. as we observed, a similar rate of
energy consuming in the patterns with similar FAR
and built-up area. Consequently, a significant
instability in demand profile can be observed, when
increasing in relevance to the change in the urban
configurations and forms.
3- Impact of urban patterns can be further investigated by
concentrating on the orientation of street grids. in the
patterns with open axes towards north, most likely to
have a better performance specially in minimizing the
heating loads intensively in Z1&Z3 in summer.
4- The comparison showed that there is a raising rate in
the cooling loads in the sprawl modern patterns Zayed
c with the lowest built coverage 15% with a
significant rising in a single-family home (villas)
approximately 25% more than a high-rise apartment
block.

Generally, it is possible to have similar urban forms and
densities but with various EP. In terms of density. It
represents the key factor in the urban spatial analysis, and
diversity represents mixed land uses with a strong relations
to TOD analysis to emphasize the balance and measuring
the attraction and trips with its volume flows, which
influence the EP of the city. And that was discussed
through the UNA tool as a try to understand to what extent
the public transportation network can contribute to
enhancing the overall urban performance. Such the
influence of Total distance travelled (VMT) with a
number of jobs within a certain distance, with specific
consideration of achieving better proximity to major
transport corridors, extends the distance of coverage
“catchment area” for the residents and jobs. That shows the
dominant influence of transportation planning on the
dispersal of both residential and employment development.
Eventually, reflect on forming certain urban and travel
patterns which affect the energy demand. It can be predict
based on the previous comparison that, proportion of
journeys decreases with increasing distance from the PT
stations. As living residents living within 500 m typically
use PT for approximately 67% of all journeys. The further
the distance, the lower the willingness for commuter’s
travel obviously applied in Zayed city, where residents
living far from the main corridor are likely to make only
about half the number of journeys compared with
residents living within 500 m of stations. In contrast to
Alameen, where almost all residents distributed at around
400-800 m from the nearest PT stations, this study reveals
the potentials of different urban patterns with the limitation
of Geo database of new communities in Egypt. it is
recommended to simulate a variety of urban parameters in
several contexts using simulation tools and scenarios, as
well as, conducting an SPSS statistical analysis to
determine the influence of the morphological parameters.
Give more attention on the performance of land-use
distributions in its urban fabric and examine their
inter-relationships with density. And concentrating on
revealing ranges of the potential improvements of
transportation analysis on the EPUP with relation to main
urban measures.
More research is needed in transition toward more
applicable SUR tools in new cities, as well as its future
expansion based on successful experiences.
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Appendix 1
Table 4. Common Urban Patterns in the Planning of new Egyptian cities (all four generations)

Appendix 2
Table 5.
The most Efficient Urban Patterns according to the analysis of global case studies and results of models simulation
(Energy.ProformaMIT,2018)
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