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 The research aims to suit the criteria for classifying green cities according to the characteristics 

of the Egyptian environmental zones to select the most relevant zone for sustainable green 

cities. The Egyptian cities consume large quantities of materials, energy, and water causing 

different problems facing cities and their population. The criteria of sustainable green cities 

should be done according to the various characteristics of environmental zones in Egypt. The 

leadership in energy and environmental design (LEED) criteria for the Egyptian cities and 

communities’ system is selected according to the characteristics of environmental zones in 

Egypt, aiming to select the most relevant zones to construct sustainable green cities. According 

to the ecological, geographical, economic, political, social, historical, urban, and cultural 

characteristics of environmental zones that are different from one zone to another in Egypt, 

the influencing factors in the classification criteria are introduced to show the incentives, 

capabilities, and challenges facing cities in making green and sustainable transformation by 

using weighited overlay model in Arc GIS. By using the suitability scoring system, the most 

suitable environmental zone, namely the dry coastal zone, has the motivation and ability to 

transform the city into a green and sustainable city according to its particular environmental 

characteristics. 
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1. INTRODUCTION 

 

Egypt faces many problems and challenges in the fields of 

environmental, urban, economic, and social development 

because of having many negative impacts on the sustainability 

of Egyptian cities. These challenges occurred due to the 

overcrowded population in urban areas reaching 95% of the 

total population. In addition to the increase in Egyptian cities' 

consumption of materials, energy, and water, which reaches 

60% of the total consumption, it causes depletion of resources, 

pollution of the environment, and an imbalance in the 

environment [1]. Thus, there is a decrease in the per capita 

share of water and energy, a spread of various wastes, and an 

increasing proportion of harmful emissions to 70% of the total 

emissions. The green urbanization forms more sustainable 

lifestyles, and reduces resources consumption, waste, and 

environmental footprint according to the three main pillars of 

green cities, which are zero fossil energy, zero waste, and zero 

harmful emissions [2].  

All countries all over the world develop and implement 

policies, programs, and procedures that lead to the integration 

of the environmental dimensions in all developmental sectors 

to deal with challenges of global change and sustainability. 

Therefore, Egypt developed a strategy for sustainable 

development (Egypt Vision 2030) that aims to implement a 

system to maximize utilization and balance among energy, 

water, and land to make cities and human settlements safe and 

sustainable [3] through achieving green and socioeconomic 

sustainability, according to the UN Sustainable Development 

Goal 11 [4]. Therefore, the importance of green sustainable 

cities increases to be the only option to confront the threat of 

climate change and environmental challenges, and maintain 

the environmental balance in various planning stages of the 

city.  

The city level has received major attention because the 

developers want to test the scalability of applying 

sustainability solutions, and measuring the effectiveness of 

reducing the impact of carbon emissions and the respect of 

green conditions by following the objectives and principles of 

green urbanization. 

Based on the fact that there are differences among cities in 

their environmental impacts, per capita carbon, and their 

environmental footprint, there are various factors that have 

effects on converting cities into sustainable green ones. Taking 

these factors into account, which reflect the characteristics of 

environmental zones, will lead to minimize further negative 

challenges to Egyptian cities. So, the classification criteria for 

green sustainable cities must respect the characteristics of 

Egyptian environmental zones. 

There are 59 urban sustainability rating tools in 22 countries 

all over the world, which are classified based on the 

geographic scale and special characteristics including cities, 

planned neighborhoods, existing neighborhoods, all 

neighborhoods, landscapes and parks, transportation and 

infrastructure, and special purposes [5]. The results of 

previous studies tackling the sustainability assessment tools at 

the city level, have found that “the recently developed LEED 

for cities and communities’ tool performs better when 
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compared to other tools” [6]. 

Therefore, the criteria for the classification of the LEED 

(CE) for green Cities and communities’ tool have been 

selected in this paper to suit the characteristics of 

environmental Egyptian zones that differ from each other 

ecologically, geographically, economically, and socially. This 

paper selects the most suitable environmental Egyptian zone 

for converting the cities into green and sustainable ones. 

 

 

2. RESEARCH METHODOLOGY 

 

The research aims to present the relationship between the 

characteristics of environmental zones and the classification of 

sustainable green cities. The review of literature, previous 

studies and recent reports help select the criteria of classifying 

sustainable green cities according to the suitable classification 

system. These criteria are filtered according to the different 

characteristics of the environmental zones to show the degree 

of affecting factors by using weighted overlay model in Arc 

GIS program for comparing the (AF) on the selected criteria 

for classifying green cities, taking into account their relative 

weight. This is to determine the priority of these zones and 

select the most suitable one to convert cities into sustainable 

green ones by using suitability scoring system, as shown in 

Figure 1. 

 

 
 

Figure 1. Methodological framework of the study 

 

 

3. THE CHARACTERISTICS OF ENVIRONMENTAL 

ZONES IN EGYPT 

 

The environmental zones refer to areas that are 

homogeneous in time, place and function in environmental 

characteristics. Egypt can be ecologically considered as three 

main zones: The coastal zone, the desert zone, and the river 

zone. They are divided into subzones that include the 

governorates and the natural determinants [7], as shown in 

Table 1 and (Figure 2). They have environmental 

characteristics that differ ecologically, geographically, 

economically, socially, and urban from each other. The coastal 

zones are divided into three zones. The rainy coastal zone 

extends along the northeastern and northwestern coasts of the 

Mediterranean Sea in Egypt. The dry coastal zone parallels the 

Red Sea coast from Halayeb and Shalateen to Suez 

governorate and its western borders are the Red Sea Mountains 

[8]. The special coastal zone extends along the South Sinai 

coast and has a special nature of water and wind movement 

[9]. The desert zones are divided into three zones. The 

aggressive eastern desert is a rugged and aggressive land. 

Although it is rich in mineral resources, it has highlands, 

depressions, rolling hills, and slopes that causes torrential 

besides difficulty in obtaining groundwater. The western 

desert zone is friendly as it is flat. It has Moghra aquifers, that 

form unique water resources for all human activities, contains 

freshwater [10], and has biodiversity in its oases [11]. In 

addition, the special Sinai desert zone has a special ecosystem 

[12]. The river zones extend around the river where the 

population density is high [13]. It is divided into the narrow 

river zone, south of Cairo in Upper Egypt, and the wide river 

area in the delta north of Cairo, which has flat and fertile land 

[12], and characterized by a number of northern lakes [14]. As 

a result of the diversity of environmental systems in these 

zones, the economic activities vary according to the 

geographical areas and the political system represented in 

laws, regulations, customs, and traditions. So, the functions, 

characteristics and culture of population are not the same, 

where the requirements of the Bedouin population are 

different from the coasts, Upper Egypt and the Delta zones. 

This variance directly affects the urban needs and 

consumption rates of the cities located in these environmental 

zones. Thus, it affects the criteria of constructing sustainable 

green cities. 

 

 
 

Figure 2. The environmental zones in Egypt
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Table 1. The subzones of Egyptian environmental zones and 

the governorates included [7] 
 

The main 

zones 
The subzones The governorates included 

Coastal 

zone 

Rainy coast Alexandria – Matrouh – Port Said 

Dry coast Red Sea- Suez 

Special coast Ismailia -South Sinai 

Desert 

zone 

Eastern desert Red Sea 

Western desert El Wadi El Gadeed 

Sinai desert North and South Sinai 

River 

zone 

Wide river 

(Nile Delta) 

Cairo – Giza – Behera – Sharkia – 

Damietta - Kafr El Sheikh – Dakahlia 

– Gharbia  – Qalyubia 

Narrow river 

(Upper Egypt) 

Menia – Souhage – Fayoum – Bani 

Sweif – Qena – Aswan – Assiut 

 

 

4. CRITERIA FOR CLASSIFICATION OF 

SUSTAINABLE GREEN CITIES 

 

There are many classification systems of sustainable green 

cities that have been developed at the city scale in different 

continents all over the world, The African Green City Index is 

a research project that seeks and assesses the measurements 

and environmental performance of major African cities across 

a range of criteria to understand the environmental challenges 

of these cities. Some Egyptian cities were evaluated according 

to such criteria,  such as Cairo, Alexandria [15], New Damietta, 

6th October, and Tenth of Ramadan [1], but these criteria, on 

which the evaluation was based, did not take into account the 

different characteristics of the environmental zones in Egypt 

like geographical, economical, and social characteristics, 

which contribute in facing the challenges facing sustainable 

green cities. Although there are large numbers of sustainability 

assessment tools, only few tools have been relatively used and 

adopted domestically and/or globally [6]. 

Recently, there are many previous studies comparing the 

tools for the classification of sustainable green cities and 

nominated the most suitable one according to the research 

purpose of each study. The results of these studies have shown 

that “the recently developed LEED tool for cities and 

communities performs better compared to other tools” [6], as 

it is characterized as a recent and comprehensive tool with 

multiple criteria related to the different characteristics that 

affect the classification of Egyptian green cities. It focuses on 

water and energy issues that Egypt suffers from, and gives 

them greater relative weights, so LEED criteria are aligned 

with the United Nations Sustainable Development Goals for 

sustainable green cities: Existing (LEED-CCE), have been 

selected for this research to be filtered according to the 

characteristics of coastal, river and desert environmental zones 

in Egypt through the different ecologically, geographically, 

economically, socially, and urban characteristics from one 

zone to another, therefore the criteria for classification of 

sustainable green cities will differ as well. 

 

4.1 LEED for cities and communities (LEED-CCE) 

 

LEED for Existing Cities and communities (LEED-CCE) is 

the most recent version of the LEED family to evaluate the 

sustainability and quality of life in a sustainable green city or 

community, as the USGBC has made efforts to align these 

versions with the United Nations Sustainable Development 

Goals, and emphasizes the climate change adaptation and 

mitigation for cities and communities of all shapes and sizes. 

At all phases of their evolution for measuring the performance 

of their social, economic and environmental conditions, LEED 

for cities and communities has several categories, which 

include the required credits and prerequisites. It contains two 

types: Base conditions and performance score [16]. 

 

4.2 Criteria for classification of LEED (CCE) for existing 

cities 

 

LEED for cities and communities has several categories that 

include natural systems and ecology, transportation and land 

use, water efficiency, energy and greenhouse gas emissions, 

materials and resources, quality of life, innovation, and 

regional priority. The LEED (CCE) criteria for green city 

classification were selected according to their relationship to 

the different types of characteristics, as shown in Table 2.  

 

Table 2. Filtration of LEED (CCE) criteria according to the characteristics of environmental zones in Egypt 

 

Categories 

C
o

d
e 

Criteria for classification of LEED (CCE) 
The characteristics of environmental zones in Egypt 

(Influencing factors) 

C
h

. 
T

y
p

e 

W
e
ig

h
t 

INTEGRATIVE PROCESS  

C
re

d
it

 

Integrative 
Planning and 

Leadership 

1  Comprehensive Plan 

Comprehensive plan for green cities within the last five 

years according to a clear vision and strategy for the 

future. 

E
co

lo
g
y

- 
U

rb
an

 

1 

2 Roadmap Development 
Gap analysis for the city and setting roadmap goals 
related to details at the city level that are related to its 

characteristics 

C
re

d
it

 

Green Building 

Policy and 
Incentives 

3 
Green buildings registered or certified to LEED or 

equivalent,% 

Factors affecting the increase in the percentage of 
green buildings related to details at the city level that 

are related to its characteristics, function and 

developmental role 

4 

NATURAL SYSTEMS AND ECOLOGY  

P
re

re
q
u

is
it

e 

Ecosystem 

Assessment 

1 
Topography: Unique topographic features and 

slope stability risks 

Land covers characteristics that show unique 

topographic features and slope stability risks. 

E
co

lo
g
y

: 
la

n
d

-w
at

er
-

V
eg

et
at

io
n
 a

n
d

 

H
ab

it
at

 

R 

2 
Soils: Unique farmland, healthy soils, and soils 

disturbed by previous development 

Soil characteristics that show the unique farmland, 

healthy  & soil problem, and soil disturbed by previous 
development. 

3 
Vegetation and Habitat: Total existing vegetated 

area and top three threatened species 

Bioenvironmental characteristics that show the existing 

vegetation and habitats as well as threatens. 

4 Hydrology and Aquatic Ecosystems 
The characteristics of hydrology and aquatic ecosystem 
that show flood hazards, wetlands, lakes, streams, 
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Categories 

C
o

d
e 

Criteria for classification of LEED (CCE) 
The characteristics of environmental zones in Egypt 

(Influencing factors) 

C
h

. 
T

y
p

e 

W
e
ig

h
t 

shorelines, rainwater, water quality, watershed health, 
potable and non-potable water sources, and pollution 

sources. 

C
re

d
it

 

Green Spaces 5 Green space, square meters per person 
Factors affecting the per capita share of green spaces: 
The population density, climate, soil fertility,  

topography, and water sources [17-21] E
co

lo
g
y

: 

(l
an

d
-

w
at

er
-a

ir
) 

- 
S

o
ci

al
 

2 

C
re

d
it

 

Natural Resources 

Conservation and 
Restoration 

6 Natural Resource Acreage, square meters per capita 

Factors affecting the maintenance of natural resources 

acreage and their per capita share like threats resulted 
from human activities that affect the natural resources 

G
eo

g
ra

p
h
ic

al
-p

o
li

ti
ca

l-
E

co
lo

g
y

: 
la

n
d

-w
at

er
- 

b
io

ti
c 

2 

7 Steep Slopes, not greater than 40% 

Natural resources characteristic that show steep slopes, 

topographic and land features geotechnical evaluation 
and limits of development according to steep slopes 

8 Agricultural Land and Food Production 

Factors affecting the disturbance of prime farmland, 

unique farmland, or farmland of statewide or local 

importance 

9  Vegetation and habitat 

Factors affecting restoration of degraded vegetation 

and habitats plan if the site has any threatened or 

endangered species, 

10 

Aquatic Ecosystems, do not permit any 

development within a flood hazard area, within 61 
m from normal high tide line, within 15 m of a 

wetland, within 30 m of a water body, which is 

greater than 50 acres, and within 15 meters for 
water bodies less than 50 acres 

Aquatic Ecosystems characteristics that show the 

development limits within hazard areas and planning to 
protect against dangers [14, 22] 

C
re

d
it

 

Light Pollution 

Reduction 
11 

Sky Glow Measurement: Achieve at or below 4 in 
the Bortle Dark-Sky and A minimum of 70% of the 

street lighting 

The characteristics of Light Pollution that show sky 

glow measurement and affecting factors: The rapid 

urbanization expansion, economic growth, and misuse 
of available technologies [23]. E

co
lo

g
y

: 

E
n

er
g

y
-

U
rb

an
 

1 

C
re

d
it

 

Resilience 

Planning 

12 Vulnerability and Capacity Assessment  
Vulnerability and Capacity Assessment for climate 
change hazards, natural and man-made hazards, and 

extreme events 

E
co

lo
g
y

: 

ri
sk

s-
U

rb
an

 

2 

13 Resilience Plan 
Adaptation and mitigation strategies that address the 
goals identified under Vulnerability and Capacity 

Assessment 

2 

TRANSPORTATION AND LAND USE  

P
re

re
q
u

is
it

e 

Transportation 

Performance 
1 

Transportation performance score, vehicle miles 

traveled (VMT) per capita 

Factors affecting vehicle miles traveled (VMT) per 
capita: Population density, employment by geographic 

unit, land-use mix like work-housing balance, city 

design, accessibility to the destination, and distance to 
transit [24], the unemployment rate, personal income, 

family size, and the availability of public transit [25]. 

U
rb

an
 -

S
o

ci
al

 

6 

C
re

d
it

 Compact, Mixed 
Use and Transit 

Oriented 

Development 

2 

Percentage of population residing within Compact 

and Complete Centers (Total of all CCCs), 40% 
minimum. 

Factors affecting the percentage of population residing 

within Compact and Complete Centers (Total of all 

CCCs) relate to planning and design of the city that are 
related to its characteristics, function, and 

developmental role [26]. 

U
rb

an
 

2 

C
re

d
it

 

Access to Quality 

Transit 
3 

Quality of Transit Facilities: At least 80% of transit 
facilities safe and comfortable.  

Intermodal Connectivity: Connected to three or 

more modes of transportation.  

Frequency of Trips: Meeting the minimum 

requirement of 72 weekday trips and 30 weekend 

trips 

Factors affecting the Quality of Transit Facilities (safe 
and comfortable), Intermodal Connectivity (traffic 

flow, and linkages between regional centers [27], 

increase non-motorized transportation, reduce the use 

of private cars, and more energy-efficient 

transportation [28], and Frequency of Trips (compact, 

mixed-use, and work places) [29]. 

U
rb

an
 

1 

C
re

d
it

 

Alternative Fuel 
Vehicles 

4 
Electric Vehicle Charging Facilities: (EVSE) in 2% 

of all public parking spaces or at least two spaces 
Factors affecting the promoting and adopting 

alternatives to fossil fuel vehicles: Electric Vehicle 

Charging Facilities and Alternative Fuel Stations [30]. U
rb

an
 

2 

5 
Alternative Fuel Stations: A total of 12 stations 
meet or exceed 1.52 per 10,000 residents or comply 

with local or national equivalent 

C
re

d
it

 

Smart Mobility and 
Transportation 

Policy 

6 
Adopting any four solutions or policies to support 

smart and efficient transportation system. 

Factors affecting the support of smart and efficient 

transportation systems like applying modern 

technology of a smart transportation system on roads 
and axes linking cities and logistic areas [31]. 

U
rb

an
- 

P
o

li
ti

ca
l 

2 

C
re

d
it

 

High-Priority Site 7 

Historic preservation for cities with at least one 
historic building, contributing building in a historic 

district, or designated cultural site that may be 

impacted by development 

The characteristics of historic buildings and cultural 

sites to show the impact of development on the 

preservation of them [32, 33]. 

H
is

to
ri

ca
l

-C
u

lt
u

ra
l 

2 
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Categories 

C
o

d
e 

Criteria for classification of LEED (CCE) 
The characteristics of environmental zones in Egypt 

(Influencing factors) 

C
h

. 
T

y
p

e 

W
e
ig

h
t 

8 
High-Priority Sites and other locations, adopt 

policies to focus on development and growth  

Affecting factors identify high-priority sites that 
include priority development areas, infill and/or 

previously developed sites or brownfield and/or 

greyfield sites to clean up and reuse. G
eo

g
ra

p
h
i

ca
l-

 

p
o
li

ti
ca

l-

U
rb

an
 

WATER EFFICIENCY  

P
re

re
q
u

is
it

e 

Water Access and 

Quality 

1 
Water and Sanitation Access: 100% coverage of all 

buildings  

Factors affecting Water and Sanitation Access: 

Geographical location, sources of water, infrastructure, 
and cost. 

E
co

lo
g
y

: 
w

at
er

-U
rb

an
-E

co
n

o
m

ic
-S

o
ci

al
-

cu
lt

u
ra

l-
p

o
li

ti
ca

l-
G

eo
g

ra
p
h

ic
al

 

R 

2 

Drinking Water Quality: The annual average 

concentration of dissolved oxygen (DO) is not less 

than 6 mg/L [34]. 

Drinking water characteristics that show factors 

affecting the quality of drinking water and the extent to 
which water treatment facilities comply with the 

adopted drinking water quality standard 

3 
Treated Wastewater Quality: 100% of wastewater 
treatment systems must comply with the permit 

program of the Clean Water Act   

Factors affecting treated wastewater quality and to 

what extent they comply with the adopted wastewater 
treatment and quality standards: The annual average 

concentration of organic matter (BOD) is not more 

than 6 mg/L) [34, 35]. 

4 
Storm water Quality: Adopting a policy for storm 

water pollution prevention 

Factors affecting Stormwater quality that show to what 

extent they comply with National Pollutant Discharge 

Elimination System for stormwater pollution 
prevention from construction and industrial activities 

and municipal sources [36, 37]. 

P
re

re
q
u

is
it

e 

Water Performance 5 
Water performance score:  

A minimum of 40 

Factors affecting less per capita domestic water 

consumption: Climatic conditions, availability of 

alternative water sources and quality, culture and 
people's habits, water cost, socio-economic status and 

the total population [38, 39]. 

E
co

lo
g
y

: 
w

at
er

-

U
rb

an
-E

co
n
o

m
ic

-

S
o

ci
al

-c
u
lt

u
ra

l-
 

6 

C
re

d
it

 

Integrated Water 

Management 
6 

The ratio of water withdrawals for human use to the 

total freshwater resources is less than 0.2 

The characteristics have been included in Factors 

affecting the prerequisite of Water Efficiency category 
1 

C
re

d
it

 

Storm water 

Management 

7 Reported flooding incidences in the past five years 
The characteristics have been included in factors 
affecting the prerequisite of Natural System and 

Ecology, and Water Efficiency, categories. Some 

influencing factors re related to details at the city level 
that are related to its characteristics, function and 

developmental role 

E
co

lo
g
y

: 

w
at

er
 

2 

8 

Green Storm water Infrastructure: 35% of the land 

area has designated green storm water 

infrastructure 

C
re

d
it

 

Smart Water 
Systems 

9 Water Audit and Automation: At least Water Audit 

U
rb

an
 

2 

ENERGY AND GREENHOUSE GAS EMISSIONS  

P
re

re
q
u

is
it

e 

Power Access, 

Reliability and 
Resiliency 

1 
Electricity Access: 100% coverage of households 
or population by electricity service 

Various characteristics and factors that affect the 

access of electricity: Geographical location, energy 

sources, infrastructure, and cost [40]. 

E
co

lo
g
y

: 
en

er
g

y
- 

U
rb

an
- 

E
co

n
o

m
ic

- 
so

ci
al

- 
cu

lt
u

ra
l-

 

p
o
li

ti
ca

l-
 

R 

2 Reliability Performance Monitoring 

Factors affecting continuous monitoring (automatic or 
manual) and recording of interruptions for the 

complete distribution network at high, medium, and 

low voltage levels  and the possibility of providing 
smart networks that are affected by renewable energy 

resources, Smart Transmission, Smart Distribution 

(Utilization), Pumping and storage stations, Natural 
disasters, and Backup power [41, 42]. 

3 Power Surety and Resiliency 

Factors that affect the supply of backup power for 

critical cities loads or emergency services and basic 

services during outages or widespread disasters, and 
also affect the providing of smart networks [43]. 

C
re

d
it

 

Energy and GHG 

Emissions 
Performance 

4 
Energy and Greenhouse Gas (GHG) Performance 

Score: A minimum of 40  

Factors affecting Greenhouse Gas emissions (CO2 

equivalent): The annual energy consumption from all 
sectors (the electricity- transportation- manufacturing- 

construction- emissions from oil and natural gas), the 

source of energy, emissions co-efficient for electricity 
and all fuel types, the total population [16]. 

14 

C
re

d
it

 

Energy Efficiency 

5 
Street Lighting and Public Area Lighting: A 

minimum of 70% of the street lighting 

The influencing factors related to details at the level of 
the city that are related to its characteristics, function 

and developmental role 

U
rb

an
 

4 

6 

Water and Wastewater: Meeting energy 

conservation standards for Pumps for 50% 

minimum of the pumps used in water supply, 
drainage, and wastewater treatment E

co
lo

g
y

: 

W
at

er
-E

n
er

g
y

-

A
ir
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Categories 

C
o

d
e 

Criteria for classification of LEED (CCE) 
The characteristics of environmental zones in Egypt 

(Influencing factors) 

C
h

. 
T

y
p

e 

W
e
ig

h
t 

7 % District Energy supplied by DES: 80% minimum 

Some influencing factors have been included in the 

prerequisite of Energy and Greenhouse Gas Emission 
category. Some influencing factors are related to details 

at the level of the city that are related to its 

characteristics, function and developmental role. 

C
re

d
it

 

Renewable Energy 

8 On-Site Renewables: 2% minimum 

6 

9 New Off-Site Renewables: 20% minimum 

10 Existing Off Site Renewables: 60% minimum 

11 Green-e Certified RECs and Carbon Offsets:100% 

12 
Renewable Energy Credits and Carbon Offsets: 

150% 

C
re

d
it

 

Low Carbon 
Economy 

13 

Reduction in Greenhouse Gas (GHG) emissions 

intensity of the economy over a period of three 

consecutive years E
co

lo
g
y

 -

E
co

n
o

m
ic

 

4 

C
re

d
it

 

Grid 
Harmonization 

14 

Load Management )access to dynamic pricing(, 

Demand Response  )tariff options(, Net Metering 

and Interconnection Policy 

The influencing factors related to details at the level of 
the city that are related to its characteristics, function 

and developmental role. Some influencing factors have 

been included in the prerequisite of Energy and 
Greenhouse Gas Emission category. 

U
rb

an
 

2 

MATERIALS AND RESOURCES  

P
re

re
q
u

is
it

e 

Solid Waste 

Management 

1 Access waste Management Services: 100% 
Various characteristics and factors affecting the access 

of waste management services 

E
co

lo
g
y

-P
o
li

ti
ca

l-
 

E
co

n
o

m
ic

 

R 

2 
Solid Waste Management Plan, Support waste 

management and diversion strategies 

Factors affecting the Solid waste management plan 

include segregation, waste storage and collection, 
waste handling processing facility, and material 

recovery facility in accordance with local or national 

regulations [44, 45]. 

P
re

re
q
u

is
it

e 

Waste Performance 3 Waste performance score: A minimum of 40 

Factors affecting rates of resource consumption and 

efficiency usage (waste generated and diverted), 
municipal solid waste generated and diverted from 

landfill (% of the total amount collected): The 
population growth, waste generation and recycling, and 

environmental awareness [45, 46]. 

E
co

lo
g
y

- 

C
u
lt

u
ra

l 

4 

C
re

d
it

 

Special Waste 

Streams 

Management 

4 

Waste generated through special waste streams (in 

metric tons per year) and waste diverted 

(percentage diverted)  

The characteristics have been included in the 

prerequisite of the materials and resources category 
and are related to the city's function and developmental 

role 

E
co

lo
g
y

- 
E

co
n
o

m
ic

- 
U

rb
an

 

1 

C
re

d
it

 

Responsible 
Sourcing for 

Infrastructure 

5 
Purchase 20% minimum by cost of permanently 

installed in top three infrastructure materials 

The influencing factors related to details at the level of 
the city that are related to its characteristics, function, 

population size, and developmental role. Some 

influencing factors have been included in the 
prerequisite of materials and resources category. 

2 

C
re

d
it

 

Material Recovery 

6 

Extended Producer Responsibility (EPR) policy : A 

minimum of 10% of the total annual waste 
generated 

1 

7 
Audit for all non-recyclable waste generated within 

the city 

C
re

d
it

 

Smart Waste 
Management 

Systems 

8 

Pneumatic Transport Systems: Loading Stations, 

Transport Network, Waste Handling and 
Processing Facility  

2 
9 Smart Bins and Route Optimization 

10 
% of waste handled by smart waste management 
systems: 20% minimum 

QUALITY OF LIFE  

P
re

re
. 

Demographic 

Assessment 
1 

Comprehensive demographic narrative describing 

all of the population and housing characteristics  

The urban, social, and economic characteristics that 

include the characteristics of population and housing. 

U
rb

an
-S

o
ci

al
 -

E
co

n
o

m
ic

 

R 

P
re

re
 

Quality of Life 

Performance 
2 

Quality of Life Performance score: A minimum of 

40 

Factors affecting the quality of life performance in 
cities: Education, equitability, prosperity, health and 

safety [13, 47]. 

6 

C
re

d
it

 

Trend 
Improvements 

3 
Population with a High School Degree: Equal to or 
greater than 70%.  

The characteristics included in factors affecting the 
prerequisite of the Quality of Life category. Some 

influencing factors relate to details at the city level that 

are related to its characteristics, function, population 
size, and developmental role. 

S
o

ci
al

 

4 

4 Graduation Rate: Equal to or greater than 90%.  

5 Small Businesses: Equal to or greater than 20.  

6 Unemployment Rate: between 3 to 4 percent  

7 
Poverty Rate: Declining at a rate of zero poverty by 
2025.  

8 
Percentage of household incomes meeting the 

living wage standard: Equal to or greater than 80%.  

9 

Violent Crime: Equal to or less than 5.5 homicides, 

70 incidents of forcible rape, and 462.7 aggravated 

assaults.  
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Categories 

C
o

d
e 

Criteria for classification of LEED (CCE) 
The characteristics of environmental zones in Egypt 

(Influencing factors) 

C
h

. 
T

y
p

e 

W
e
ig

h
t 

C
re

d
it

 

Trend 

Improvements 

10 
Asthma rate and Hypertension: none, trend 
decreasing only  

The characteristics included in factors affecting the 
prerequisite of the Quality of Life category. Some 

influencing factors relate to details at the city level that 

are related to its characteristics, function, population 
size, and developmental role 

S
o

ci
al

 

4 

11 Obesity rate: equal to or less than 26% 

C
re

d
it

 

Distributional 
Equity 

12 Equitable Per Capita Income  

E
co

n
o

m
ic

- 

U
rb

an
 

4 

13 
Equitable Workforce Mobility, Graduation Rate 

Equity 

14 Equitable Employment 

15 
Walking Distance Requirement:  
( 400 meters) minimum. 

C
re

d
. 

Environmental 

Justice 
16 

Reducing the risks and exposure to priority 
environmental justice conditions for priority areas 

in the last 5 years. 

E
co

lo
g
y

-P
o
li

ti
ca

l-
 

E
co

n
o

m
ic

 

1 

C
re

d
it

 

Housing and 

Transportation 
Affordability 

17 Comprehensive Housing Policy 

2 
18 

Housing and Transportation Costs: At least 60% of 

households, compared to the National Typical 

household, would spend less than 45% on housing 

and transportation combined. 

C
re

d
it

 

Civic and 

Community 

Engagement 

19 Diversity in Appointment to Local Advisory Board 

S
o

ci
al

- 
P

o
li

ti
ca

l 

2 

20 
Conduct Survey on Community Impact: At least 
51% or more of residents 

21 
Conducting Survey on Neighborhood Cohesion: At 

least 80% of residents 

22 
Volunteering by Residents: At least 30% of 
residents 

C
re

d
it

 

Civil and Human 

Rights 

23 
Adopting a policy-based mission statement to 

promote a discrimination free quality of life for all 

1 

24 
Initiatives and policies that ensure the voting rights 
of all eligible voters. 

25 
Integrating community policing and procedural 

justice 

26 
Having in place a local officer or Commission on 
Human Rights 

INNOVATION  

 

Innovation 

1 
Innovation: Using a strategy not addressed in the 
LEED for Cities and communities rating system 

The influencing factors related to details at the city 
level that are related to its characteristics, and there are 

no factors affecting these criteria that give priority to 

one environmental zone over another 

- 6 
2 Exemplary Performance 

3 GBCI Rating Systems 

REGIONAL PRIORITY  

C
re

d
. 

Regional Priority 1 Regional Priority 

The different characteristics that address geographic 

specific socio-economic and environmental priorities 

[48-50]. 

A
ll

 

4 

• The difference in characteristics of the environmental zones in Egypt and their effect the criteria for classifying green cities:  

Affecting the criteria    Not affecting the criteria or repetitive 

 

 

5. FILTRATION OF LEED (CCE) CRITERIA 

ACCORDING TO THE CHARACTERISTICS OF THE 

ENVIRONMENTAL ZONES IN EGYPT 

 

The difference in the characteristics of environmental zones 

in Egypt is reflected in the affecting factors on the 

classification criteria for Egyptian sustainable green cities. So, 

the filtration of these criteria, according to these characteristics, 

relates to the sustainability of these zones, and the incentives 

and capabilities to convert cities into sustainable green ones. 

Table 2 shows the criteria affected by the characteristics of the 

environmental zones that give priority to one environmental 

zone over another. It also shows the non-affected criteria that 

include repetitive characteristics in other previous criteria. It 

depends on actions for the efficiency of cities, that are related 

to the characteristics of these cities, their population, 

development role, and functions. 

 

6. THE CHARACTERISTICS AFFECTING THE 

SELECTED Criteria FOR CLASSIFYING GREEN 

CITIES IN THE ENVIRONMENTAL ZONES IN 

EGYPT BY USING GIS PROGRAM 

 

After filtration, the selected criteria for classifying green 

cities were applied on environmental zones in Egypt in details 

according to their characteristics that reflect the factors 

affecting the criteria by scoring these factors in every zone, 

using the (weighted sum) tool (ArcMap version 10.3) program 

from the (spatial analyst tools) list and selecting the (overlay) 

tools, setting the values deduced from the factors affecting 

each of the criteria of each category, as shown in Eq. (1), and 

selecting the appropriate field for it to make a reclassification 

of each weight for ease of assembly. They deduce the 

classifications for the Egyptian environmental zones, as shown 

in Figures 3-9. 

    * (     )

: 1* 1 2* 2 3* 3 ... *

Degree of AFn score of AFn Wn Weight of the criteria n

Example AFb AFb W AFb W AFb W AFbn Wn

=

= + + +
 

(1) 
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 Total AF AFa AFb AFc AFd AFe AFf AFg AFh= + + + + + + +  (2) 

 

 
 

Figure 3. Natural systems and ecology in Egypt, Afb 
 

 
 

Figure 4. Transportation and land use in Egypt, Afc 
 

 
 

Figure 5. Water efficiency in Egypt, AFd 

 
 

Figure 6. Energy and greenhouse gas emissions in Egypt, 

Afe 
 

 
 

Figure 7. Materials and resources in Egypt, Aff 

 

 
 

Figure 8. Quality of life in Egypt, AFg 
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Figure 9. Integrative process and Regional priority in Egypt 

 

 
 

Figure 10. Total AF in the environmental zones in Egypt 

Deducing the total AF of the Egyptian environmental 

regions by aggregating the coefficients of the previous 

classifications individually, and classifying them according to 

the coefficients of spatial pixels by a tool (weighted overlay) 

through putting the coefficients of values in the table of the 

tool and the ratios calculations for each study through the 

(ARC program) MAP version 10.3). The values are put 

according to the ratings (high – medium - low) for easing the 

general classification, as shown in Eq. (2), and Figure 10. 

 

 

7. SUITABILITY SCORING SYSTEM FOR THE 

ENVIRONMENTAL ZONES IN EGYPT ACCORDING 

TO THEIR IMPACT DEGREE ON CRITERIA FOR 

CLASSIFYING GREEN CITIES  

 

Using suitability scoring system for sustainable green cities 

according to the characteristics of environmental zones in 

Egypt is done to arrange these environmental zones according 

to the priority to habilitate the sustainable green cities in 

accordance with the selected criteria for  classification. Their 

weight leads to select the most suitable environmental zone, 

which is the dry coastal zone because of having the incentives 

and capabilities to turn cities into sustainable green ones, as 

shown in Table 3, Figures 11 and 12. The value of suitability 

scoring for Egyptian environmental zones can be calculated by: 

 

   

* (   )

     

Score of acheving criteria

W weight of criteria

Suitability scoring for the environmental

zone =
 

(3) 

 

Figure 11 shows that the criteria for classifying green cities 

in the category of energy and greenhouse gas emission are 

affected by the characteristics of the environmental zones in 

Egypt, followed by criteria of natural system and ecology, and 

the criteria of water efficiency. The dry coastal zone is the 

most priority environmental zone for habilitating sustainable 

green cities as it has factors that help increase the chances of 

achieving green city criteria, as shown in Figure 13; the 

Western desert zone, the Upper Egypt zone, the Rainy coastal 

zone, the Special coastal zone, the Eastern desert zone, the 

Delta zone, and finally the Sinai desert zone, as shown in 

Figure 12. 
 

Table 3. Suitability scoring system for the environmental zones in Egypt according to the selected criteria for the classification of 

LEED (CCE) for existing cities 
 

Categories 

C
o

d
e 

The environmental zones in Egypt 

Weight 
Coastal zone Desert zone River zone 

Rainy Dry Special Eastern Western Sinai Delta 
Upper 

Egypt 

INTEGRATIVE PROCESS 

Integrative Planning and 

Leadership 
1 1 1 1 0.5 1 1 0.5 0 1 

NATURAL SYSTEMS AND ECOLOGY 

Ecosystem Assessment 

1 1 1 0 0 1 0.5 1 1 

9 
2 0.5 0 0.5 0 1 0.5 1 1 

3 1 1 0.5 0.5 1 1 1 1 

4 0.5 0.5 0.5 0 1 0.5 0 0.5 

Green Spaces 5 0.5 0 1 0 0.5 0 0 0 2 

Natural Resources 

Conservation and Restoration 

6 0 0 0 0 0 0 0 0 

2 

7 1 1 0 0.5 1 1 1 1 

8 0 0 0 0 0 0 1 1 

9 1 1 1 0 0 0 0 0 

10 1 1 1 1 1 1 0 1 

Light Pollution Reduction 11 0.5 0.5 1 1 1 1 0 0 1 

Resilience Planning 12 0.5 0 0 0.5 0.5 0 0.5 0 2 
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Categories 

C
o

d
e 

The environmental zones in Egypt 

Weight 
Coastal zone Desert zone River zone 

Rainy Dry Special Eastern Western Sinai Delta 
Upper 

Egypt 

13 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 2 

TRANSPORTATION AND LAND USE 

Transportation Performance 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0 6 

Access to Quality Transit 3 0.5 0.5 0.5 0 0 0.5 0 0 1 

Alternative Fuel Vehicles 
4 0 0 0 0 0 0 0.5 0 

2 
5 0.5 0 0 0 0 0 0.5 0 

Smart Mobility and 

Transportation Policy 
6 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0 2 

High-Priority Site 
7 0 0 0 0 0 0 0.5 0.5 

2 
8 1 0.5 0.5 0.5 0.5 0.5 0 0 

WATER EFFICIENCY 

Water Access and Quality 

1 0.5 0.5 0.5 0.5 0.5 0.5 1 1 

11 
2 0.5 1 1 0 0.5 0 0.5 0.5 

3 0.5 1 1 0.5 0.5 1 0.5 0.5 

4 0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Water Performance 5 1 1 1 1 1 1 0 0 6 

ENERGY AND GREENHOUSE GAS EMISSIONS 

Power Access, Reliability and 

Resiliency 

1 1 1 1 1 1 1 1 1 

30 2 0.5 1 0 0.5 0.5 0 0.5 1 

3 0.5 1 0 0.5 1 0 0.5 1 

Energy and Greenhouse Gas 

Emissions Performance 
4 1 1 1 1 1 1 0 0 14 

MATERIALS AND RESOURCES 

Solid Waste Management 

1 0 0 0 0 0 0 0.5 0 
10 

2 0.5 0.5 0 0 0 0 0.5 0.5 

3 0.5 0.5 0.5 0.5 0.5 0.5 0 0.5 4 

QUALITY OF LIFE 

Demographic Assessment 1 1 1 1 1 1 1 0 0 20 

Quality of Life Performance 2 0 0.5 1 0 0 0 0 0 6 

REGIONAL PRIORITY 

Regional Priority 1 1 1 1 1 1 1 0 0 4 

Total  158 214 143 139 193 133 138 164  

Arrange of priority  4 1 5 6 2 8 7 3  

 

 
 

Figure 11. Percentage of achieving the criteria for classifying sustainable green cities in the Egyptian environmental zones 

 

  
  

Figure 12. The priority of the environmental zones in Egypt 

according to their characteristics for habilitating the 

sustainable green cities  

Figure 13. Percentage of achieving the criteria for classifying 

sustainable green cities in the dry coastal zone 
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8. CONCLUSION 

 

While the characteristics of the environmental zones reflect 

the affecting factors, they affect the criteria for classifying 

sustainable green cities. If these factors vary from one zone to 

another, the ability of the cities to be green differs accordingly. 

The zone that has the potential and opportunities to achieve 

these criteria should be given the priority because it has the 

ability to face the problems and challenges that prevent their 

achievement. The research shows the criteria of classifying 

green cities’ filtration by selecting the criteria that distinguish 

the environmental zones according to theirs characteristics. It 

does not select the criteria that are related to the details of city 

level and its characteristics. Therefore, the research 

recommends future research to investigate the relationship 

between the Egyptian cities’ characteristics and the criteria of 

classifying green cities. This will help clarify that these criteria 

are affected by the city’s function, population size, and the 

developmental role aiming to convert the cities in the same 

environmental zone into sustainable green ones. The research 

has compared the affecting factors on the selected criteria for 

classifying green cities in the Egyptian environmental zones 

by using the weighted overlay model in the Arc GIS program. 

The suitability scoring system is used to arrange the priority of 

these environmental zones, resulting in the dry coastal zone 

being the most priority environmental zone in Egypt for 

converting cities into sustainable green ones because it has the 

characteristics and factors that increase the chances of 

achieving green city criteria, especially the energy and 

greenhouse gas emissions criteria. 
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NOMENCLATURE 

BOD Biochemical Oxygen Demand 

DES Distributed Energy Systems  

RECs Renewable Energy Certificates 

GBCI Green Building Certification Institute 

AF Affecting Factors the criteria of classification for 

green cities in the environmental zones in Egypt 

AFa Affecting Factors the criteria of Integrative 

process 

AFb Affecting Factors the criteria of Natural systems 

and ecology  

AFc Affecting Factors the criteria of Transportation 

and land use 

AFd Affecting Factors the criteria of Water efficiency 

AFe Affecting Factors the criteria of Energy and 

greenhouse gas emissions  

AFf Affecting Factors the criteria of Materials and 

resources 

AFg Affecting Factors the criteria of Quality of life 

AFh Affecting Factors the criteria of Regional priority 

W Weight of the criteria of classification for green 

cities 
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