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Abstract
Key challenges are facing local governments
and cities to achieve sustainable development
and mitigate climate change in the time of
COVID-19. Applying sustainability principles to
manage resources is considered essential
indicators to attain SDGs. This paper presents
strategic environmental assessment which is
exploited, as a tool, to evaluate the impacts of a
selected mega-project in Cairo, Egypt, on the
city and land in regard to sustainability
(environmental, economic, and social). The
research aims at examining the sustainability
principles of the mega project to achieve SDGs.
The methodology depends on three approaches.
The theoretical part includes a review of the
project’s impacts; the analytical part examines
the resources’ use based on data collection; and
the applied part implements SEA indicators.
Results show that the building and site can be
categorized as environmentally-friendly and
attaining SDG 7, 9, 11, 12, and 13; lowering land,
building and city’s footprint; and socially viable.
Keywords: Sustainable development, SDGs,
sustainability principles, land and city, strategic
environmental assessment, mega projects.
1 Introduction
Cities and infrastructure are responsible for a
large portion of carbon emissions (70% of
global energy-related greenhouse gas – GHG
emissions). Climate change (CC) is one of major
challenges that cause a real hazard and obstacle
to sustainability of life on the planet duo to the
excessive and inefficient energy practices
worldwide [1]. An inventory study of 22 cities’
GHG emission, where carbon intensity of the
grid is lower than approximately 600
tCO₂eGWh-1 indicates that emississ in city of
Barcelona, Spain is under 5 tCO₂e per capita in,
whereas Bangkok and 3 cities in China (Bejiing,
Tianjin, and Shanghai) have emissions more
than 10 tCO₂e per capita [2]. The estimated CO₂
emission from energy use in 2019 (the year
before COVID-19 containment measures) has
notably decreased by 4.3% in the European
Union of 27 member states [3]. However, the
emissions of CO₂ are being reduced during the
corona virus pandemic worldwide. Due to
governments’ policies, the daily global CO₂
emissions decreased by -17% by early April
2020 compared with the mean 2019 level, just
under half from changes in surface transport
[4]. The economic, social, and environmental
aspects are extremely affected by the
unsustainable approaches towards sustainable
development goals (SDGs) attainment.

TOWARDS SUSTAINABLE DEVELOPMENT:
MEGA PROJECT’S STRATEGIC
ENVIRONMENTAL ASSESSMENT TO
ATTAIN SDG 7, 9, 11, 12 & 13

Large-scale projects in mega cities can have a
enormous impacts on natural resources such as
land, energy, and water, as well as material and
ecosystem; yet considered essential and
significant indicators for attaining SDGs,
especially when it is linked to large-scale sites.
Also, mega projects have profound impacts on
national strategic levels; thus, it is vital to shift
from reflection to implementation of
sustainable development (SD) and SDGs by
combining vertical and horizontal integration
along with good governance.
Strategic Environmental Assessment (SEA) is
defined as the process that examines the likely
potential effects of the proposed policies, plans
and programmes and development projects
that are established by decision makers on the
community as well as the environment [5]. The
SEA is a governing tool that assists in
promoting SD through the provision of the
appropriate framework. It also helps in the
systematic evaluation of the environmental,
economic, and social impacts of strategies and
setting out the context for monitoring future
adverse effects [6]. In this context, ‘The 2030
Agenda for Sustainable Development, provides a
shared blueprint for peace and prosperity for
people and the planet, now and into the future;
at its heart are the 17 SDGs, which are an urgent
call for action by all countries – developed and
developing – in a global partnership.’ SDGs
encourages human development that abide the
preservation of nature [7]. In 2016, Egypt has
developed and launched its 2030 Sustainable
Development Strategy (SDS), a comprehensive
inclusive future development in the country.
The strategy, which is a roadmap for fostering
competitive advantages to turn the Egyptians’
aspirations for a dignified and decent life into
reality, aims at reviving the critical role of Egypt
in regional leadership in the MENA on the long
run [8]. This study focuses mainly on SEA and
addresses sustainability of mega projects in
developing countries as well as concentrates
on the commercial and retail type of mega
projects for their strong potentials and impacts
on both the environment and society. Detailed
studies were conducted by assessing the
current situation of the case study in terms of
energy, transport, materials, and water as well
as CO₂ emissions, pollution, and CC in an
attempt to suggest solutions and enhancements
of the selected mega project. In this study, SEA
is applied for ensuring specific SDGs, that are
related to the building sector through the
enhancement of the economic, social, and
environmental sustainability, are attained, yet
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adopting sustainable solutions for the current
and new construction projects, especially mega
projects for the purpose of lowering CO₂
emissions and counterbalancing CC.
The case study, City Center Almaza (CCA), is
one of the main shopping and entertainment
destinations in eastern Cairo, Egypt as shown in
Fig.01. It has been selected due to ease of
accessibility and availability of data. It offers a
wide variety of retail and leisure amenities [9].

Fig. 1 - Mapof the project in Eastern Cairo –
Egypt. Source:
http://www.citycentrealmaza.com/gettinghere

2 Objectives
The main objective of this study is to envisage
and assess the sustainability and strategic
environmental impact (SEI) of a selected mega
project in Cairo, Egypt through identifying and
discussing the impacts of the project from the
social, economic, and environmental measures,
i.e., the SEA viewpoint. Researchers have
hands-on how mega projects can meet
sustainability and SD requirements relying on
analysis of specific areas of investigation
including transport and traffic, energy demand
and use, operational energy and material
embodied energy, as well as water
consumption, pollution (air, land and water),
and the ecosystem and GHG emissions per year.
The research presents and discusses the
findings and proposes recommendations for
better performance in terms of SEA.
3 Methodology
The methodology of the research work is
generally based on pursuing a Strategic
Environmental Assessment of the current
situation of the baseline case, then suggesting
solutions and improvements to upgrade the
building’s qualities pertaining sustainability
principles and features. It relies on both
deductive and inductive research methods,
where a combination of qualitative and
quantitative approaches is tackled. The
theoretical approach includes a review on
basic definitions, concepts, and a literature
review on the impacts of mega projects on the
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environment and the community, whereas the
analytical approach involves an investigation
on the level of sustainability dimensions based
on data collection and processing in order to
reach significant conscious on how this selected
case study of a mega project attains SDGs. The
applied approach is conducted through
implementing the SEA indicators on the
selected case study. This work is based on
evaluating the impact of the pillars of
sustainability: environmental, economic, and
social dimensions (Fig.02). The environmental
impact assessment (EnvIA) method is a
primary factor for creating green societies. The
EnvIA relies on assessing the impacts of the
premise on the environment and society by
measuring energy consumption, material and
water use, embodied energy, yet waste and
pollution associated with systems and activities
that are taken place and related to the building
and site throughout all phases of lifecycle [10].

feasibility assessments by a professional team
to guarantee the success of the project
environmental systems [12]. The annual
electrical energy use in the building per floor
area is calculated to be 277 kWh/m²/year,
which is acceptable for energy saving standards
in commercial buildings. There are also two
diesel generators for emergencies in addition to
a third backup generator in case of power
failure [13]. The national gas pipeline company
provides the building with around 10,083,125
m3 per year of natural gas [13]. The annual cost
saving, considering renewable energy
production, is up to 15% of the baseline
building design, which highlights the total
annual consumption of electricity and natural
gas of both the proposed building design and
the baseline building design [12]. The
development and design of the CCA mall
considered the urban heat island effect (UHIE),
where half of parking spaces are placed under

Strategic Environmental Assessment (SEA)
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Fig.2: Components of SEA
Source: Authors

Also, the economic impact assessment (EcIA)
refers to the financial consequences of
establishing such large business hubs on
investment patterns, trade rates as well as
leasing and advertising revenues. In addition,
the social impact assessment (SoIA) is
measured through the contribution of the mega
project to upgrade the standards of living of the
community members by creating decent job
opportunities and social interaction [11].
4. The Strategic Environment Assessment
4.1 Environmental Impact Assessment
The scope of the environmental impact for this
study is centered on four main areas of
investigation: a) energy; b) transport; c)
material (embodied energy); d) water. The
environmental assessment also covers four
secondary areas such as waste management;
land, air and water pollution; GHG emissions;
and climate change (Fig03).
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Fig. 3 - Investigated elements of SEA
Source: Authors

4.1.1 Energy
By assessing the case study, the building aims
at increasing the share of the renewable energy
in the total energy consumption of the building
to produce a minimum of 7.5% of its electricity
use. The project went through meticulous
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covered sheds that are powered by solar PV
panels in order to minimize the overheating of
the landscape of the building as well as
generating electricity (Fig.04). All roof surfaces
are coated with light coloured cool material
with a solar reflective index (SRI) of 78%. The
cool roofs and high-performance glazed façades
can significantly decrease the cooling loads of
the air conditioning systems that resulting from
the reduction of the total amount of solar heat
gained through the buildings’ envelops. In
terms of energy efficiency, the building utilises
an integrated energy efficient HVAC system to
provide the same service with less energy use.
The exclusive incorporation of LED lighting in
all spaces lowered the electrical energy use for
artificial lighting, especially when the daylight
harvesting is promoted by the use of highperformance glazing on the facades of the
buildings of the mega project [14].

Fig. 4 - Installed Solar PV panles over the
parking area. Source: Authors

4.1.2 Transport
Transportation consume a huge amount of
primary energy and responsible for the
combustion of fossil fuel in cities worldwide.
Transportation sector modes include Roads
(83%), Aviation (14%), Rail (2%) and Inland
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Navigation (1%). The road mode is responsible
for global warming and energy use [11]. The
mega project (CCA) has a large transportation
impact as it is located on the North Eastern
quadrant of the city of Cairo in the junction
between the Cairo-Suez Road and Nasr Road in
Heliopolis, one of the most affluent locations in
Egypt as illustrated in Fig05.

Fig. 5 - The site and buildings’ location in Cairo,
Egypt. Source: Authors

The destination attracts population estimated
1.2 million residents. This leads consequently
to highly crowded area and influences the
traffic and transportation as it has more than
4,000 parking. Hence, the concentration is on
the existing case and the impact of the mall on
traffic and transport in terms of CO₂ emission
excluding the construction transportation stage.
When comparing vehicles in Cairo with all and
other similar capital cities, it could be noticed
that although the congestion in Cairo is high, it
has an indicator less than other cities [9]
according to the data listed in Tab01.
Tab.1 - Comparing vehicles in Cairo to other
similar capital cities worldwide
City

Cairo
Bangkok
Mexico
City
Tehran
Riyadh
Moscow
Sao Paulo

Vehicle
per 1000
population
52
249
200

Average
speed
(km/h)
15.8*
12.3
12.4

Vehicles/
km of road

95
221
149
301

24.0
52.0
23.1
15.2

249
106
283
307

351
426
353

*Peak travel period speeds in central Cairo and Giza
are less than 10 kilometers per hour.

This indicator addresses the number of vehicles
per 1000 populations. A passenger vehicle is a
road motor vehicle which carry passengers and
designed to include maximum 9 persons
(among the driver); the term "passenger
vehicle" therefore represents micro cars, taxis
and hired passenger vehicles which are
including fewer than 10 persons; it might also
contain pick-ups based on the EU open data
2020 [15]. In 1963, four vehicles per 1000
capita were registered in Egypt, having
increased up to 38 vehicles per 1000 capita in
2002; projections for 2030 are 142 vehicles per
1000 capita (6%) yearly increase. The total
number of vehicles in Egypt is today in the
order of 3 million, of which more than 2 million
are passenger car [15].
In the assessment, there are two types of
transportation associated with the mall:
passengers and goods. For passengers, they
depend on private transportation including:
private vehicles, which are highest in

percentage as most of residents use it. The
second mode is taxis as a private transportation
mode; and third mode is public buses and
motorbikes; and the fourth mode is bicycles (a
clean of transport). For goods, trucks are used
to deliver goods to the mall, with different
types including axle truck and 2-axle trucks. By
assessing the mode of transportation, the first
phase shows the street sections and its traffic
properties: numbers of lanes, vehicles' volume
per hour and road speed. Then, for assessing
the maximum CO₂ emissions by vehicles, the
maximum total mileage is estimated as 200 km
per vehicle for about 4,000 vehicle/hour that
the mall have for parking. The number is 8,000
vehicles/hr for Nasr road, 10,000 vehicle/hr for
Cairo Suez road and 6,000 vehicle/hr. Thus, the
total vehicle is 28,000 vehicles/hr using the
Car’s Carbon Footprint online calculator, which
takes total mileage as input as well as other
inputs, Hence, resulting in 0.044 tons of CO₂ for
an average of one vehicle. For the number of
vehicles per hour, which is 28,000, the total CO₂
emissions of vehicles is 1,232 tCO₂ [16]. The
rising amount of CO₂ emissions due to the
vehicles visiting the mall, cause traffic
congestion in the surrounded areas, especially
on the weekends and public holidays. Hence, it
would increase the loads on infrastructures due
to the large number of vehicles that increase air
pollution in the surrounding areas.
The cost of transportation was increased for
improving the infrastructure of the area
including the Suez Road, which was widen for
the large number of vehicles and constructing a
new pedestrian bridge over Cairo Suez road to
allow visitors to pass safely to the mall. All
these developments cost more than EGP500
million [18]. However, there is less dependence
on public transportation (moving people not
vehicles). In dense and large cities, public
transport saves valuable space and energy
(Fig06).

including resource extraction, transportation,
manufacturing, retail, operation, and disposal
[18]. In this study, EmEn is mainly divided into
two components; direct and indirect energy.
Direct energy is composed of the one consumed
on site during the production of the service
such as electricity and natural gas, whereas,
indirect energy consists of that associated with
materials and services at other stages of the
product’s life cycle, like: extraction,
manufacture, operation, maintenance, and
disposal and transportation [18].
The review confirmed that construction work
has been executed in accordance with the
instructions of the national law and
professional international practices. The
project’s site is out of any biodiversity and
resettlement issues [19]. More than 40% of the
construction materials were extracted and
manufactured within 500 miles of the capital
Cairo. Also, 30% of timber used is certified by
Forestry Stewardship Council as sustainably
harvested natural material [20]. The quantities
of building’s construction materials are
assumed according to the total built up area of
the center (220,000 m²). The basic materials
are taken into account in the calculation
process because they have the biggest effect on
the total amount of EmEn. Basic construction
materials include reinforced concrete, steel,
bricks, and glass as well as aluminum, timber
and porcelain. The amount of EmEn and carbon
emissions of each building material used in the
mega project is assigned according to the
Inventory of Carbon and Embodied Energy that
is carried out by The University of Bath in the
UK and involves most commonly used materials
around the world [21]. The total EmEn of the
whole building is estimated to be about 900 TJ
and the total amount of carbon emissions
associated with the construction processes is
calculated to be 78 GtonCO₂. In EmEn
assessment, steel and concrete have the highest
amount of embodied energy and CO₂ emissions
among the other used materials. This is due to
the huge quantities utilised, 383 TJ and 228 TJ
of EmEn and 27.8 Gton and 31.2 Gton of CO₂
emissions respectively as shown in Fig07.
2,9% 0,1%
1,4%

9,1%

40,0%

10,8%

Fig. 6 - Surrounding streets and traffic of the
project. Source: Authors

Clean affordable transportation (bicycles &
electrical buses) represents a tiny percentage of
transportation types, which make the approach
of reclaiming city space for walking and
pedalled vehicles neglected. This decreases
walking and cycling, as a sustainable transport,
and the healthiest and most sustainable modes.
Results show that the total CO₂ emissions from
vehicles is 1,232 tCO₂, which is huge to both the
environment and public health. The impact of
project’s traffic expectation depends on private
vehicles as the main transportation mode.
4.1.3 Materials and Embodied Energy
Embodied Energy (EmEn) is identified as the
amount of energy associated with all stages of
the production process of a good or a building

35.6%
Concrete
Aluminum

Steel
Wood

Bricks
Porcelain

Glass

Fig. 7 - EmEn and CO₂ emissions of utilised
materials. Source: Authors

4.1.4 Water
Water is essential to mega shopping malls as it
is used widely in the following components: a)
Amenities (toilets and urinal systems); b)
Outdoor areas and water features; c) Retail
shops; d) Green areas inside the mall; and e)
Landscape areas of the site [22]. For assessing
the water consumption, the number of visitors
and employee staff should be determined to be
able to assess the total annual occupation to use
the benchmark of water consumption needed
for assessing the total water use. In this regard,
the CCA is covering an area of 123,000 m2 that
requires water supply. All areas are supplied
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with potable water at an amount of 2,685
m3/day by the public water network from
Mostorod Water Treatment Plant (MWTP).
The calculation of visitors is set based on the
maximum visitors per day, which is estimated
by multiplying the total number of vehicles'
parking spaces in the mall by the number of
occupant persons in one vehicle (4 persons
each), thus, about 16000 visitors. With every
tour takes an average about 4 hours. Hence, the
total number of visitors is 4,000 per hour. The
total annual occupation in the CCA is the result
of multiplying the number visitors per hour
(4,000/ hour), by the occupancy hours per day
and number days of occupancy (365 days), plus
the total number of the staff members, which is
14,000 persons as shown in Tab02 and Tab03.
So, the total annual water consumption was
assessed by multiplying water consumption
level per person by the number of annual
occupants in the mall, and the benchmark for
water use per person is listed in Tab04.
The total annual water supplied by the MWTP
is 980,025 m3. Therefore, CCA has satisfactory
water consumption level as the total annual
water usage is less than the amount supplied by
the water plant as mentioned above [13].
Tab. 2 - Total annual visitors influx
Total annual visitors' occupation calculation
No. of
Occupancy
days of
Total
visitors/ hours/ day
occupancy annual
hour
/ year
visitors'
occupation
4000
10
365
14,600,000
Tab. 3 - Total annual calculate occupants
Total annual occupation calculation
Total
Total
Total annual
annual
employees
occupants'
visitors'
and staff'
calculation
occupation
occupation
14,600,000
14000
14,614,000 persons
Tab. 4: Total annual water consumption
Total annual water consumption
Total
Water
annual
consumption/
occupants
Person
(m3/capita)
14,614,000
0.065

Total annual
water
consumption
949,910 m3

The method to sense the number is by showing
the quantity of drinking water supplied to
occupants. This yields that the annual
consumption of the centre is 949,910 m3, thus,
the water consumption per day is estimated
2,602 m3/day equivalent to 2,602,000 L, and
the average litre of drinking water for adults is
about 1.89 L. Based on the above, the amount of
water used per day is capable of providing
drinking water for 1,376,720 persons [11].
4.1.5 GHG Emissions
The amount of CO₂ emissions equivalent to
generating 1 kWh of electrical energy depends
mainly on the source of energy used in
electricity generation in the power plants. The
carbon emissions intensity by source (kg
CO₂/kWh) is derived from both the operational
emissions from the generation source and the
emissions generated during the producing
sources construction. Tab05 presents the
intensity of carbon emissions based on
different generation source types [23].
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Tab. 5 - Intensity of carbon emissions based on
different generation source types
Power Plant
Generation Source

Intensity of Carbon
Emissions (kg CO₂/kWh)

Gas
Oil
Coal
Nuclear
Hydro
Solar
Wind
Wind

0.5
0.65
0.9
0.005
0.005
0.058
0.00464
0.00525

(on-shore)
(off-shore)

Source: Parliamentary Office of Science and
Technology, 2006

The International Energy Agency (IEA)
reported in 2018 that the majority of power
plants in Egypt (around 80%) are using natural
gas for electricity generation as shown in Fig08.
The amount of CO₂ emissions released from
generating 1 kWh of electricity in Egypt is
estimated to be an average of 0.4725 kg/kWh
[24]. The building is estimated to have an
approximate annual amount of CO2 emissions
from the electrical energy use of 21,853 tons.
Nevertheless, the annual CO₂ emissions from
electrical energy consumption in the whole
building per floor area is nearly 99.33
kgCO₂/m²/year, which is a very good indication
for minimal footprint of a commercial building.
11,0%

7,0%

2,0%

80,0%
Natural Gas

Oil

Hydro-electric

Renewables

Fig. 8 - Power generation sources in Egypt
Source: International Energy Agency, 2018

4.1.6 Waste
The amount of waste generated from the CCA
shopping mall and the way of disposal is
presented in this section. From the assessment,
wastewater produced from the retail centre
will be discharged to the municipal sewerage
collection system in order to be treated and
reused [19]. About 49% of the total building
materials were locally sourced. This minimizes
the energy consumed in different supply chain
stages including transportation processes.
Around one-third of the total materials used in
the building were manufactured using recycled
materials. Such utilisation of these recycled
materials can deeply shorten the depletion of
natural resources of materials and energy [20].
The assessment also indicates that CCA mall
contains a detailed waste management
program (WMP), which is capable of recycling
about 89% of the total amount of waste
produced from the mega project [19]. In
addition, the building uses nearly half of the
water demand of a similar traditional retail
mall through recycling wastewater and
installing low flow fixtures [20].
4.1.7 Air, Land, Water Pollution
Cairo is considered one of the most polluted
cities worldwide, due to polluted industries like
cement and iron, and traffic congestion as well
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as dusty air [25]. The Heliopolis district is a
residential district with no heavy industries.
Thus, the main contributor of air pollution is
vehicles and traffic. In this context, CCA has an
impact on air pollution due to emissions from
transportation and the operation of the project,
mainly from energy and embodied energy
during the construction and post construction
phases. Noise from traffic due to the operation
of the mall can be harmful to persons whom are
exposed to the level of traffic noise above 55
Ldn dB [26]. These are more than 80,000
persons (residents in near areas, visitors, and
employee staff working in the CCA mall).
4.1.8 Climate change
Sectors influencing climate change (CC) are
transport, power generation, waste, and urban
areas. CCA could contribute to GHG emissions
and lead to urban heat island effect (UHIE). In
the case of CCA, the impact of transport and
waste management are considered the main
contributors to CC. Sustainable transportation
and good waste management process can lead
to mitigating CC. Based on this fact, the CCA has
a massive built up area made of various
materials with variable emissivity such as roof,
roads and parking area. All these impact UHIE
and CC [27].
4.2 Economic Impact
Economic sustainability of CCA mall is vital to
achieve the SD of the project. The economic
impact means the concentration on revenue of
the CCA from its various components. The
construction materials used in the project
provide cash flow and ensure sustainable jobs
for factories that produce such materials [11].
4.2.1 Revenue
CCA costs EGP 9.35 billion (US$ 580,024,814
million) and consists of two main activities:
shopping and recreational activities. The first
activities include small and mega shops with
over 300 local and international brands. The
mall has 100,000 m2 of gross leasable area. The
recreational activities encompass restaurants,
food courts with 18 outlets, and nine cafes over
two levels, cinemas, and family entertainment.
So, the estimated revenue of CCA is assessed
based on the two main sources. For shopping
activities: the assumption of the revenue of any
shop is based on the rent value that is paid by
the owner of the shop to the mall owners. This
gives an average estimation for the economic
impact of the shops. The mall has different sizes
of shops (small, medium, and large, i.e., hyper
market). For small and medium shops, the rent
assumption is an average of EGP 400,000
(US$ 24,813.90) per month multiply by about
300 shops, the result is EGP 120,000,000
(US$ 7,418,354.84) per month. For large shop,
the result is EGP 3,000,000 (US$ 186,104.22)
per month. For recreational activities: For
restaurants, the result is EGP 6,900,000
(US$ 428,039.70) per month. For cafes, the
result is EGP 1,800,000 (US$ 111,662.53) per
month. For the outlets of the food courts, the
result is EGP 2,700,000 (US$ 167,493.80) per
month. For the cinemas, the result is EGP
4,800,000 (US$ 297,766.75) per month at an
exchange rate of EGP 16.12 for 1 US dollar as
per Central Bank of Egypt of July 2, 2020. The
total number of all rent is about EGP 140
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million (US$ 8,684,863.52) per month [11].
4.2.2 Construction Materials
The construction of CCA mall with an area of
123,600 m2 would need gross quantities of
materials, which have to be covered by
domestic factories such as steel, cement, glazing,
brick, and aluminum factories, etc. This needs a
moving of the economic progress of these vital
industries and the transportation of gross
quantities of materials from the factories to the
site as shown in Tab06.
Tab. 6 - Estimated amount components of
construction materials in CCA
Materials

Volumes(m3)

Mass(tonnes)

Steel
R.C. Concrete
Brick
Glass
Wood
Aluminum

2000
100,000
20,000
500
300
100

15,700
240,000
38,440
1,290
225
273

For example, the amount of steel production for
Egyptian Iron and steel Company was 278,683
tonnes/year (2012/2013), which is about
23,223.5 tonnes steel per month [28]. Steel in
the structure of the mall is approximately
15,700 tonnes, which is approximately 68% of
the production of the factory monthly. The
largest amount of materials allows factories to
find ways to sell their products, causing an
economic boom; this can be the same for other
materials of the construction of CCA mall [11].
4.3 Social Impact
The social impacts of CCA focused on two main
parameters: society welfare (job opportunities)
and social interaction.
4.3.1 Society Welfare (Jobs created)
The number of jobs that CCA mall provided for
the community can be assessed by addressing
the number of employees' staff working for the
operation of CCA mall and providing services
for the visitors. The assessment includes the
holistic activities such as shopping, recreation,
management and facilities. The total number of
these activities related to the mall is estimated
to be about 22,000 persons. Since the family in
Egypt has an average of 5 persons who are
dependent on the job revenue. By the number
of jobs (22,000 jobs) that the mall offers, the
result is about 110,000 persons are depending
on the mall as a necessary source for living [9].
4.3.2 Social Interaction
CCA has enormous facilities which the public
could use as recreational activities. Moreover,
the main shopping function of the mall such as
restaurants, food courts with outlets and cafes
over two levels as well as cinemas, and family
entertainment centre. Such facilities increase
the influx of visitors and the interaction with
the community [17]. Nonetheless, further
investigations could be carried out for this
particular aspect to examine the social cohesion.
5 Results
5.1 Improvements and Solutions
The assessment of the mega project (CCA)
revealed that the contribution of solar energy
to the total energy demand is considered as low
input (only 7.5%). Nevertheless, the building

envelop can be retrofitted to implicate different
alternatives of renewable energy such as thin
PV films and solar thermal systems. Daylighting
can be extensively harvested by adding suntracking skylights on the massive roof, reflected
light shelves on the building’s facades in
addition to light pipes through main circulation
paths in the interior spaces. The use of artificial
lighting can be deeply lowered by using light
sensors, which control sufficient amounts of
artificial lighting with daylight. Thus, it is vital
to integrate an energy management system
(EMS) to monitor, record, and control the
energy use patterns that are taken place within
the building’s spaces to avoid electrical energy
waste due to users’ behaviours across all spaces.
The insulation of the building envelop needs to
be upgraded using local, natural and recycled
materials to minimize the cooling/ heating load
of the building, since HVAC is the most
consuming energy service in such commercial
properties. Therefore, it is recommended to
increase the vegetation within the landscape of
the building to maximize shaded areas in order
to lessen the UHIE and enhance the outdoor air
quality, and thus reduce air pollution.
Transport should be transformed from caroriented to car or pedestrian-oriented mode by
reducing reliance on cars for movement, where,
strengthen walking and cycling modes as the
healthiest and most sustainable modes (Fig09).

Fig. 9 - Smart bicycle in the side of the Centre
Image credit: City Center Almaza, 2019

The study also recommends encouraging the
use of and providing clean, affordable and safe
public transport rather than private vehicles.
Consequently, this would mitigate CC and save
valuable road spaces and energy. Policy makers
should increase the dependence on smart and
clean transportation like using electrical bus
similar to that in Bolzano – South Tyrol, Italy;
and provide electrical car charging outlets and
particular lanes in street for bicycles (Fig10).

Fig. 10 - Electrical bus run by fuel cells in
Bolzano, Italy. Image credit: Mohsen
Aboulnaga, December 2019

Reducing the amount of water consumption at
the minimum level is a must as Egypt is
suffering from an annual 21 cubic meter gap
between production and consumption (SDG 12).
Sustainable and smart strategies should be
implemented to improve water management in
CCA mall by maximizing the use of recycled,
reusing grey water to irrigate greenery, and
utilising smart fixtures such as smart sinks and
heaters. In addition, sustainable transport and

waste management contribute to mitigating
GHG emissions, UHIE and CC. Replacing high
emissivity materials with low emissivity ones
and using light colours can maximize shades on
openings, parking areas, roads, and hence
increase the insulation of building envelop.

the production of the factory monthly and the
total revenue from the CCA was found EGP 140
million (US$ 8,684,863.53) per month. The
project has a positive impact on the society
since it provides a plenty of jobs and social
interaction; hence, achieving SDG 9.

6 Conclusions
CCA is one of the biggest commercial mega
projects in Egypt and MENA region. CCA has
profound impacts on the society and
environment in all strategic levels of influence.
The project has been assessed based on a
methodological approaches covering the three
main parameters of the SEA (environmental,
economic, and social). CCA is environmentallyfriendly with a strong commitment for
achieving SDGs, mainly: SDG 7, 9, 11, 12, and 13.
It utilises energy efficient techniques and
integrates renewable energy to lower the
building’s energy demand and save energy. CCA
consumes about 50 GWh of electricity/year,
92.5% is supplied by the national electricity
grid and the other (7.5%) is generated on-site
using renewable solar energy at a cost of EGP
69.375 million (US$4,303,660) yearly. The
annual electrical energy use in the building per
floor area is estimated 277 kWh/m²/year; such
rate is generally acceptable for large
commercial buildings. The CCA saves up to 15%
of cost of operational energy compared to the
baseline building. The annual CO₂ emissions in
the whole building per floor area accounts for
99.33 kgCO₂/m²/year, which refers to a
minimal footprint of such a large-scale
commercial building. More than half of the
building materials used in construction are
locally sourced, recycled, and eco-friendly. A
cradle-to-gate assessment of the EmEn and CO2
emissions of building materials used is
conducted and the results show that the total
EmEn of the whole building is nearly 900 TJ
and the total CO2 emissions is about 78 G-ton.
However, reinforced concrete has the highest
footprint of the building, which contributes to
two-third of the total embodied energy and
three-fourth of the carbon emissions of the
building. The WMP is responsible for treating
generated waste and reusing it through various
direct and indirect processes. Almost 89% of
the total waste produced from the building is
recycled for further usages. Due to the crowded
site of CCA, the impact of the mall in terms of
transportation has caused an increase in CO₂
emissions, which is based on the calculation
about 1,232 tCO₂. This high amount of CO₂ is
harmful to the environment on the long run.
The assessment of water use in CCA mall shows
that the annual water use is 165,564 m3 and the
amount use/day is 2,602 m3, an equivalent to
2,602,000 litre. This can provide drinking water
for 1,376,720 persons where the average
amount of drinking water needed for an adult is
1.89 litres. Also, air and land pollution are
depending mainly on transportation due to the
operation of the mall. Finally, the outcomes
indicate that the mega project contributes
towards attaining SDG 7, 11, 12 and 13. The
economic impact of the mall is a great for the
society, and booms the construction industries
through utilising large amounts of materials
that were supplied by local factories (steel,
cement, glazing, brick, and aluminum factories,
etc.). Steel production, e.g., rose up to 68% of
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