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Key Messages
 Cities are complex systems that need
integrated approaches to understand
their characteristics and to identify
challenges and opportunities for
sustainable development.
 Context-based and tailored solutions
are required for achieving SDGs and
developing circular flows. This is particularly important in the Global South.
 Integrated and cross-sectoral planning
and collaboration are necessary to
improve the development of
sustainable strategies and interventions
to reduce trade-offs. Areas like the
Greater Cairo Region in Egypt
demonstrate the complexities of action
across formal/informal sectors of waste
management.
Figure 1: The unplanned areas in the main urban mass in Greater
Cairo Region, Egypt [1].

Introduction
Resource scarcity and climate
change are key challenges confronting urban sustainability in
the Global South. Effective
resource management is crucial
for reducing the use of primary
resources (e.g., fossil fuels) and
maximizing renewable energy
and secondary resource use
(including solid waste and
wastewater). There is growing
interest in urban metabolism
(UM) as a holistic framework to
quantify and analyse the flow of
resources, changes in consumption and production patterns

CCG 2021

22.07.2021 – Version 1.

over time, and to assess the
effect of the system’s social,
economic, political, natural, and
biophysical characteristics on
the flow of resources [2–7]. The
analysis of UM is an important
step towards effective resource
management [5–7] and achieving sustainable development
goals. UM analysis assesses the
level of circularity of resource
streams to identify deficiencies
in urban systems and opportunities for sustainable improvement [2,4]. The metabolism of
cities changes over time [8] and
climate change is expected to
affect cities, regions, and

1

countries in different ways [9].
Understanding the impacts of
climate change on a city’s
metabolism is necessary to
identify future challenges and
develop suitable mitigation and
adaptation strategies [9,10].
This policy briefing is based on
research undertaken in the
Greater Cairo Region (GCR),
Egypt [9], that examines the
urgency and challenges of
undertaking UM studies in the
Global South.
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This policy briefing focuses on
the challenges and opportunities of reshaping the urban
energy infrastructure (particularly electricity) in the constituent cities of GCR. The lessons
from Egypt reveal various
important challenges to cities in
the Global South.

Cairo

Giza

Semi-structured interviews with
high-level key stakeholders 2
were conducted in 2018 to
understand the role of local
authorities in providing basic
services and to contextualize
the data in terms of resource
management
challenges
in
various low, medium, and highdensity, planned and unplanned
urban settlements. Site visits
were undertaken to multiple
types of settlement to observe
these challenges.

Population growth of Cairo, Giza, & Qalyubia (2001–
2016)

Qalyubia

The UM framework was applied
to the constituent cities 1 (Cairo,
Giza, and Qalyubia) of the GCR,
one of Africa’s largest megacities, which is subject to rapid
population growth and urbanization pressures (Figure 1).
The study used a multi-layered
indicator set [5] to collect data
on population, economy, biophysical characteristics, consumption and production of
energy, electricity and water,
generation of solid waste and
wastewater, and access to basic
services
[9].
Data
were
collected from 2000 to 2016 to
identify changes in consumption
and production patterns over
time.
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Figure 2: Population growth, electricity production and consumption, and
drinking water production and consumption of Cairo, Giza, and Qalyubia
[9].

1

The total area of Greater Cairo Region is almost 3.3 thousand square kilometres, of which 48% is in Cairo Governorate,
47% in Giza Governorate, and 5% in Qalyubia Governorate [1,9].
2
High-level key stakeholders from the Ministry of Environment, the Ministry of Electricity and Renewable Energy, the
Holding Company for Water and Wastewater, and the Cairo Cleaning and Beautification Authority [9].
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Key findings
• GCR cities rely mainly on primary resources such as nonrenewable energy resources
(natural gas and oil), electricity,
and fresh drinking water. The
production and consumption of
these resources changed between 2000 and 2016, based on
population growth and urbanization, resource availability, infrastructure quality, and access
to basic services (Figure 2) [9].
• Official statistics showed the
average yearly electricity losses
in Egypt as 14–16% between
2005 and 2016, though primary
data collected showed this as
18% [9]. Higher losses are
expected in GCR cities due to
illegal connections in unplanned
settlements and ageing infrastructure.
• Water shortage is a critical
challenge in Egypt, necessitating the development of desalination and wastewater treatment plants, increasing energy
and electricity demands. GCR
cities rely mainly on surface
water (Cairo 99.9%, Giza 94%,
and Qalyubia 60% in 2016) for
drinking water production and
the main source of renewable
surface water in Egypt is the
Nile [9]. The share of Egypt is
55.5 billion cubic metres per
year, a share fixed since 1959
when the High Dam was constructed [11]. Consequentially,
with population growth in GCR,
water consumption per capita is
decreasing [9].
• The average water loss in
GCR cities is 30% and could
reach
40%
in
unplanned
settlements [9]. The production
and distribution of drinking
water
require
considerable
energy. So, when water losses
increase, this means that a
percentage of the energy that is
used in the production and
distribution of the drinking
water is also lost.

• Distributed Renewable energy schemes in GCR 3 confront
several barriers: 1) high levels
of shading from buildings in
urban areas reducing solar
efficiency (Figure 3); 2) many
roofs are occupied, particularly
in high-density settlements, and
the ownership patterns are not
identified, creating problems in
identifying how cost and risksharing should be apportioned;
3) existing grid infrastructure is
unable to operate with different
types of energy resources; and
4) the lack of adequate infrastructure and illegal connections
in unplanned settlements.
• The long-term subsidization
of energy and electricity has
stalled the development of
renewable energy projects [9].
The government developed a
five-year tariff reform project
(2014–2019), but this programme’s completion has been
delayed to 2022 [12].
• With an expected increase in
solid waste and wastewater
there is potential for the development of sludge-to-energy
and waste-to-energy projects.
Major challenges remain: the
lack of reliable data; low
coverage of solid waste col-

lection and the lack of an
integrated solid waste management system.
• The low percentage of waste
collection coverage in GCR
provides misleading data on
actual solid waste generation
and composition. Many partners
are
involved
(formal
and
informal) in the solid waste
sector so the government
cannot properly coordinate the
governance of this sector, and it
is difficult to exchange data
between partners.
• The capacity factor 4 of solar
and wind energy is higher than
waste-to-energy and sludge-toenergy, but the sustainability
benefits of the latter technologies ensure the effective
handling of organic waste and
sludge, reducing environmental
and public health impacts.
• Data for 2017 indicate that
most of households in GCR rely
on natural gas for cooking
(Cairo 70.2%, Giza-urban areas
65.8%, Qalyubia-urban areas
64.9%) [9]. There is potential to
upgrade organic waste that
represents approximately 50–
60% of the total municipal solid
waste to produce biogas as a
source of renewable energy [9].

Figure 3: high levels of shading from buildings, reducing solar efficiency in
high-density settlements in GCR [9].

3

There is a huge potential for solar energy in Cairo, Giza, and Qalyubia as the average direct normal irradiation is
2,044, 2,057, and 1,949 kWh/m2/year, respectively [9].

4

Capacity factor is defined as the actual electricity production divided by the maximum possible electricity output of a
power plant, over a period of time [13] and it allows comparing different facilities or even technologies [14].
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Recommendations
The UM framework provided a
better understanding of the
local characteristics of the
Greater Cairo Region and
identified the key challenges
and opportunities for sustainable resource management
(or low-carbon development).
To develop circular resource
flows, the following measures
are recommended:
Energy and electricity
• Develop and upgrade existing infrastructure to receive and
transmit different types of
energy, including the development of new technologies.
This will enable the government
to diversify the energy and
electricity generation mix.
• Increase the quality of
available
data
to
identify
production and consumption
patterns. This could, for example be achieved through the
increased installation of smart
meters. But such measure
should consider that resource
consumption differs from one
settlement to another.
• Use waste-to-energy and
sludge-to-energy technologies
in medium and high-density
settlements and solar energy in
low-density settlements and
satellite cities.
Solid waste and wastewater
• Increase the technical, financial, and institutional capacities of solid waste and
wastewater sectors to maximize
the development of sludge-toenergy and waste-to-energy
projects. This will reduce nonrenewable energy use, carbon

Unemployment rates of Cairo, Giza, Qalyubia, and Egypt
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Figure 4: Unemployment rates of Cairo, Giza, Qalyubia, and Egypt [9].

dioxide emissions, and environmental impacts of solid waste
and wastewater.
• Both
sectors
require
a
significant number of labourers,
technicians, engineers, and a
range of skills that could
increase employment rates in
GCR cities (Figure 4).
• Incorporate local knowledge
of urban space use and waste
management
into
planning
processes to encourage more
inclusive forms of urban sustainability.
Social policy objectives
• Create
affordable
settlements with access to basic
services to meet expected
population growth 5 and to
ensure adequate distribution of
resources.
• Continued removal of nonrenewable energy and electricity subsidies to 1) increase
the financial, institutional, and
technical
capacities
of
all

sectors; and 2) encourage the
use of alternative renewable
energy resources. Any subsidy
removal should be accompanied
by schemes targeted at lowincome households to avoid
exacerbating poverty.
• Increase public engagement
and awareness campaigns to
encourage behaviour change
and sustainable energy and
electricity consumption.
• Adopt holistic approaches to
address
sustainability
challenges in the Global South. This
requires understanding the flow
of resources and changes in
consumption–production
patterns and identifying deficiencies in resource management
systems. This will assist researchers and policymakers in
creating context-based sustainability
strategies
and
developing sustainable interventions.

5
The average annual population growth rates from 2001 to 2016 of Qalyubia is 2.77%, Giza 3.17%, and Cairo 1.91%
[9].
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