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development principles. Then, by relying on the experts questionnaires and their analy-
sis through SPSS, the researchers utilized the experts’input to define each principle’s
relative weight. Additionally, the research applied the extracted principles to the Boulag
El Dakrour case study to assess the sustainability of previous developments undertaken
in the area with community participation.
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Introduction

There was a significant increase in urbanization between 1995 and 2015. Increasing
urbanization and poverty resulted in the emergence of informal areas. Additionally, there
is a direct correlation between the rise in urbanization and the increase in informal areas
[1]. According to the UN-Habitat Regional Office for the Arab States, more than half of
the Arab region population lives in cities and human settlements; 32.47% represents the
percentage of the slum population in the Arab states. By 2050, more than 70% of the Arab
population will be urban [2].

Informal areas are among the biggest problems in Egyptian urbanism. The percentage
of informal urban areas is 37.5% of the total urban area. Informal areas are divided into
unplanned areas (97.1%), including informal areas constructed on agricultural land and
informal areas built on desert land, and unsafe areas (2.9%), including four levels accord-
ing to the degree of risk, as shown in Fig. 1 [3].
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Fig. 1 The chartillustrates the percentage of formal and informal settlements in urban areas in Egypt [3]

The term “unplanned areas” refers to regions developed to counteract the laws and
regulations governing planning and construction and is determined by the general
strategic plan adopted for the city or village. As a result, informal areas have several
problems that need to be discussed and resolved [4].

The three branches of sustainable development (environmental, social, and eco-
nomic) that address the needs of the present generation without affecting the future
generation’s capabilities to meet their own needs and aspirations can be used to
overcome the challenges of informal areas. However, although several sustainable
urban development theories and principles exist, they are mostly tailored to formally
planned areas and seldom address the peculiarities of informal areas’ characteristics
and needs. Hence, there is a current gap in addressing sustainable urban develop-
ment within urban informalities, and there is a particular need to develop a checklist
to evaluate and propose solutions. This paper uses Egypt as a case study of informal
urbanism in the Global South.

The urgent needs of residents of informal areas impose significant pressure on
decision-makers to focus on meeting these needs without considering the compre-
hensiveness of solutions that address all aspects of the area’s development. Thus, the
adoption of principles of sustainable urban development tailored to the characteris-
tics of informal areas is necessary.

This paper proposes sustainable development principles responsive to the charac-
teristics of informal areas. First, the study investigates several sustainable develop-
ment-related concepts, principles, theories, indices, and checklists and critically
assesses previous sustainable development interventions within informal areas. Sec-
ond, the paper validates the extracted principles through an expert questionnaire and
defines the relative weight of each principle. Finally, this paper applies this outcome
to a case study to assess the previous development efforts undertaken in the past cou-

ple of decades.
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Methods

This study has five parts. The first part is a literature review of sustainable development
theories, principles, and indices for informal areas, including past attempts. The sec-
ond part is a comparative analysis of sustainable development theories, principles, and
indices.

The third part involved a questionnaire for sustainable urban development experts to
improve those principles. The validity and significance of the principles were determined
via SPSS analysis. The questionnaire was answered by approximately 50 urban devel-
opment experts, including district and governorate engineers, university professors,
experts from the German International Development Agency GIZ, Housing and Build-
ing Research Center (HBRC) researchers, and engineers with experience in developing
informal areas. The percentage of experts aged between 40 and 50 years is 25%, and the
percentage of experts aged >20-30 is 75%. Additionally, 78% of those had experience
ranging from 1 to 5 years, and 22% had 5 to 10 years of experience. Each expert was
required to decide whether these points were appropriate for informal areas or not on
a scale of 1 (least relative weight) to 5 (highest relative weight) to determine the impor-
tance and relative significance of each principle. SPSS was used for two statistical tests
to validate the questionnaire and sample. The tests showed high reliability (Cronbach’s
alpha=0.987) and significant results (F=8.245, sig=0.00).

The fourth part evaluated sustainable development projects in the informal district
of Boulaq El Dakrour through observations, interviews, and questionnaires. The ques-
tionnaire was administered to 30 respondents, targeting various sectors of society
and men and women of different ages. It included the main elements of the informal
areas’ sustainable urban development principles regarding economic, social, and envi-
ronmental aspects. The percentage of people aged >20-40 years was 30%, while that
aged 40-60 years was 70%, with diverse professions such as workers in workshops,
youth centers, schools, libraries, health services, civil associations, and shops. The sta-
tistical analysis was conducted using the SPSS program. The reliability test with (Cron-
bach’s alpha=0.786>0.75) showed that the sample was valid at a rate of 78.6%, and
the ANOVA test was used to analyze, the sample variance, moreover, since (f=26.379,
sig=0.00), meaning that /> 0.5, sig <0.05, this means that the experiment is functional.

The fifth part compares experts’ and community views on discussing the sustainability
of Boulaq El Dakrour, as shown in Fig. 2 below.

Reaching sustainable development in informal areas
The literature review began by illustrating sustainable development principles and indi-
ces suitable for informal areas and then discussing previous informal areas’ sustainable

development interventions.

Sustainable development principles and indices for informal areas

Many sustainable development principles and theories have emerged that address the
three pillars of sustainable development (economic, social, and environmental). How-
ever, these theories need to account for informal areas because of their unique nature
and the need for different development approaches. Therefore, this research establishes
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guidelines and standards for the sustainable urban development of informal areas by
examining sustainable urban principles (smart growth, new urbanism, sustainable
urbanism, transit-oriented development, and the new urban agenda) and sustainable
development principles (eco-village principles, and sustainable development goals); as
well as sustainable development rating systems and checklists that apply these theories
(e.g., LEED for neighborhood, the Green city index, the city prosperity index, and the

UK government sustainability checklist), as shown in Fig. 3.

Sustainable urban development theories

Urban development theories emphasize the importance of creating walkable and sus-
tainable communities, including smart growth, new urbanism, sustainable urban-
ism, transit-oriented development, and eco-village principles. Smart growth principles
include mixing land uses, compact building design, offering various housing options,
and encouraging public participation in development decisions [5]. New urbanism pro-
motes walkability, mixed usage, and green transportation [6]. Sustainable urbanism
emphasizes transit-served urbanization with high-performance buildings and infra-
structure [7]. The transit-oriented design incorporates walkability, a central train station,
and reduced parking [8]. Eco-village principles prioritize a diverse social makeup, public
realms for pedestrians, and frequent community participation in planning and design.
These principles also emphasize the importance of ecological soundness, compatibility
with morality, and energy efficiency [9]. However, the differences between these theories

are shown in Table 1, highlighting their unique priorities and approaches.
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Fig. 3 Sustainable development of informal areas. Source: author
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Sustainable development principles

SDGs and the new urban agenda promote sustainable development principles for infor-
mal areas. SDGs include reducing poverty, hunger, and inequalities; promoting good
health, education, and sustainable communities; and addressing climate change and
responsible consumption. The New Urban Agenda emphasizes urban planning, devel-
opment, and management along five implementation pillars to achieve sustainable and
inclusive communities and cities [10, 11].

Urban development indices and checklists

The Indices and checklists for sustainable urban development include the LEED for
Neighborhood, the City Prosperity Index, the Green City Index, and the UK government
Sustainability Checklist. LEED for the neighborhood [12] focuses on green infrastruc-
ture and buildings, smart locations and connectivity, and neighborhood patterns and
design. The city prosperity index [13] has five dimensions: productivity, infrastructural
growth, lifestyle enhancement, social inclusion, equity, and environmental sustainability.
Moreover, the Green City Index [14] is the third most common index concerning CO2
emissions, energy, land use, transportation, water, waste, sanitation, air quality, and envi-
ronmental governance. The last one is the UK government sustainability checklist [9],
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Table 1 Sustainable urban development theories comparison

Principles Smart growth New urbanism Sustainable transit- Eco-

urbanism oriented village
design principles

Mixed land uses a a a a

Take advantage of compact build- v~ . . .

ing design

Provide a variety of housing . . a

options and choices

Create walkable areas a a a a a

Enhance friendly communities " a a

Protect open space, agriculture, v v v v

natural beauty, and vital environ-
mental areas

Direct development toward exist- v~

ing communities

Provide a diverse range of transpor- v~ v e e J
tation options

Create development decisions .
that are predictable, equitable, and
cost-effective

Encourage public participationin =~ A
development decisions

Connectivity A e
Quiality urban design and archi- a

tecture

Sustainability a .
Quality of life .
High-performance infrastructure a

Source: author

which investigates economic sustainability, natural resources, social sustainability, and
the local environment.

Collecting these indices, principles, and lists helps form sustainable development prin-
ciples for informal areas, as shown in Table 2.

Previous approaches in informal areas of sustainable development

First, Law 119 for 2008 replaced the terms slums, informal settlements, and Ashwa’iyyat
with unplanned areas and since 2008, the term “unsafe areas” has been used to address
the conflicting definitions and names of the informal areas that have affected the statisti-
cal analysis of the ISDF [15].

The evolution of Egypt’s informal settlement upgrading strategies, such as contem-
porary participatory development practices and housing policies that provide afford-
able housing to the urban poor, should be mapped. Additionally, practical approaches
have been adopted for informal settlement upgrading and addressing settlement-specific
problems, such as inadequate housing, lack of infrastructure or services, poor accessi-
bility, severe environmental degradation, and urban poverty. However, more considera-
tion should be given to land regularization and the legalization of tenure, nontraditional
community finance schemes, integration with housing markets, and land supply [16].

Figure 4 shows the state policy in dealing with informal areas’ timelines.
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Table 2 Sustainable development principles for informal areas

Economic sustainability  Principles and Previous

Development

Basic needs

Eliminating poverty and
hunger

The community’s capabil- v~
ity to meet its funda-

mental requirements,
including housing, food,

and other necessities

Providing secure tenure v~
(rent or property docu-
ments)

Work

Eliminating unemploy-
ment and providing a

variety of job opportuni-

ties that are easily acces-

sible with good local

training services

Contributing to economic
recovery by encouraging
local offices/workshops
and crafts, working from
home/office

Encouraging small a
projects

Productivity

Promoting local produc-
tion of local food and
other, and reinvesting in
local communities

Providing adequate
public spaces for trading,
with intensifying urban
assembly points and
corridors to maximize
the benefit of focus while
providing suitable quality
commercial/institutional
spaces

Provide effective trans-
port systems for people
and goods

Encouraging multi-axis

urban growth allows for
synergy between major
cities and smaller towns

Promoting the diversity
of land use to strengthen
economic bloc and

land development and
transform it into a source
of revenue

Social sustainability Principles and Previous

Dev
Health

Provide adequate public
infrastructure and facili-
ties for health

CPl LEED Green city index UK checklist

CPI LEED Green city index UK checklist

r

Par 30

86
29

29

2.8

8.6
26

2.7

128
26

24

2.7

2.5

2.5

Par 30

46
1.6
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13

16
17

20

21

22

23

24

25

26

27

28

A pollution-free environ-
ment that facilitates the

exercise of health activi-
ties and mental health

Improve health status
Education

Provide public infrastruc-
ture and adequate facili-
ties for education

Elimination of illiteracy

Achieve universal educa-
tion

Increase community
awareness and culture

Community safety

Provide security systems
and increase the sense of
security and belonging to
the community

Social balance at the
neighborhood level

The design provides
(multiuse neighborhood
centers-edge-open areas)

Equality and freedom of
choice

Access to permanent
housing and diverse
services for all community
categories

Providing diverse income-
generating communities
and diversifying afford-
able housing options

Provide public infrastruc-
ture and adequate facili-
ties such as civic centers,
libraries, sports facilities,
commercial areas, open
areas, entertainment
areas, and others

A continuous and open
society

Social justice, inclusion,
and promotion of gender
equality and the empow-
erment of women

Easy access to all facilities
on foot or using public
transportation, increas-
ing mobility, and paying
particular attention to the
requirements of children
and the disabled

Participation

Enhancing community
participation in the
various stages of develop-
ment processes (in terms
of effort, money, decision-
making, etc.)

<5

15
59
15

15
14

7.1
1.5

Page 8 of 28



Elgohary et al. Journal of Engineering and Applied Science (2024) 71:65

Table 2 (continued)

29  Participation of govern- a
ment agencies

30 Participation in nongov- ¥~
ernmental organizations

31 Participation of financiers v~
32 Develop a global partner- v~

ship
Environmental sustain- Principles and Previous
ability Dev

Natural resources

33 Ensuring fresh airand '
nonpolluted water while
reducing pollution, CO2
emissions, and toxic gases
and reducing thermal
islands

34 (limate stability and
adaptation to climate
change

35  Maximizing the site’s
natural advantages
(sunlight, water bodies,
wind, etc.)

36 Developing a plan to
restore ecosystems and
conserve biodiversity

37 Environmental manage-
ment, environmental
monitoring, and public
participation in environ-
mental decision-making

Buildings and infrastruc-
ture

38  Valid Construction and a
sanitary buildings

39  Reusing existing build-
ings and maintaining and
adapting to historical
resources

40  Supporting densities
through the develop-
ment of integrated
infrastructure

41 Enhancing flexibility .
in exterior and interior
design

Water

42 Securing access to water v
with local sources of
drinking water and water
demand management

43 Providing water treat-
ment surfaces with
quality and water sustain-
ability

44 Maintaining water effi-
ciency in the building and
landscaping

45  Rainwater Management v~

CPI

r

LEED Green city index UK checklist

r

S

J‘

14

16

15
12

Par 30

35
08

0.7

0.7

0.6

0.7

3.1

0.8

0.8

0.8

0.8

36
0.8

0.7

0.8

0.6

Page 9 of 28
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Table 2 (continued)

46

47

48

49

50
51

52

53

54

55

56

57

58

59

60

62

63

64

Setting a system for
leakage and recycling of
water

Sewage

Access to improved
sanitation services

Providing local wastewa- v~
ter treatment surfaces
and using groundwater

Sewage and recycling
management

Waste
Reduction of waste

Solid waste management
infrastructure

Methods of collection,
disposal, recycling, and
use of wastes

Organic recycling pro-
grams and using organic
waste as a local fertilizer

Electricity
Access to electricity

Energy efficiency in
buildings, infrastructure,
and site

Using clean and renew-
able energies and
reducing consumption
of nonrenewable energy
sources

Using passive urban a
design to reduce carbon
emissions

Using environmentally a
friendly technology

Earth and soll Principles and Previous

Dev

Planning urban densi-
ties to reduce land use,
energy consumption, and
the environmental foot-
print of communities

Reducing urban crawl a

Management of long-
term conservation of
housing, agricultural
lands, and water bodies

Using intelligent and
easy-to-access sites

Protecting steep slopes
and avoiding flooding
and high-risk areas

Re-developing the
previously used sites
(brownfield), preventing
pollution resulting from it,
and restoring agricultural
land and water bodies

CPI

i

=
r
r
-
r
-
r
r
e
v v
' v

LEED Green city index UK checklist

r

0.7

2.2

09

0.7

0.7

33
08
0.8

09

0.8

39
0.9
0.8

0.8

0.7

0.7

52

0.7

0.8
0.8

0.7

0.7

0.7

Page 10 of 28
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Table 2 (continued)

65  Using local building a 08
materials and recycled
materials
Transportation 52
66  Improving the quality of a 0.8

communication and con-
nectivity between neigh-
borhoods and access to
services while using sites
that reduce transporta-
tion time (near dwelling
and employment)

67  Providing good road a a 08
networks and are well ser-
viced by public transpor-
tation and transportation
demand management

68  Constructing footpaths a 0.8
to reduce reliance on
vehicles

69  Reducing parking space a—a 06
area

70  Providing cycling a a 0.7

infrastructure (the road
network of bicycles and
parking racks)

71 Reducing traffic conges- A 0.8
tion and providing traffic
facilities

72 Expanding transportation v a 08

networks and setting
sidewalks and shaded
streets with trees on both

sides
Quality of life and main-  Principles and Previous CPlI LEED Greencityindex UKchecklist 10
tenance Dev
Quality of life
73 Improving architectural W W 24

and urban aesthetic qual-
ity (overall design and
landscape (

74 Promoting identity, W 26
culture, and preservation
of heritage

Evaluation, follow-up, and 5
maintenance

75 Applying availability of W 2.7
evaluation, follow-up, and
maintenance systems for
development projects

76  Developing a plan that v 23
includes development
and orientation for
expansions

Previous research has addressed the problem of informal areas and has tried to
offer many recommendations and solutions to achieve actual development in such
areas; some have done so by integrating sustainable urban design concepts and prin-
ciples. For example, Nassar [19] suggested converting informal areas into eco-friendly

Page 11 of 28
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State policy in dealing 1970s « A policy of total negligence and neglect
with informal areas

timeline S « International and political pressures

imposed the necessity of dealing with

informal areas for security and

__________________ humanitarian reasons, and not to be

!« public participation policy : 1980s ignored

——————————————————— « International aid agencies, in partnership
with civil society, have adopted the full
development of some areas in the
presence of their residents, considering
the dimensions of sustainable
development.

« The government adopted a policy of
complete removal of unsafe areas and
then resettlement of the population

« They were provided with some basic

« Expansion policy in dealing with
international agencies

« The beginning of cooperation
between the General Authority
for Urban Planning and the

i ; services (drinking
gp;terc;rr;l]auons Development water/electricity/establishing schools and
g health units)
e s e s e s = « The Ministry of Local Development has

» Forced eviction and population
transfer projects on government
housing in new areas

« “Replacing the term of
“Ashwa'’iyyat” by two distinctive
terms “unsafe areas” and
“unplanned areas” with priority

\_ _ tothe former

developed the first national program to
eliminate slums N

« Establishment of Informal Settlements
development fund after the collapse of
Al-Duwayqga rock

1 1
2008 : :

|
: « Agreement with the Red Crescent 1
1 1
1 1
1 1
1 1

1

- - - - -
— el

Society to develop Zeinhom district

+ The goverment established the « Protocol of cooperation with HSBC to
Ministry of Urban Development develop Dar elSalam

- Itwas abolished after several L"_ Issuance of Building Law 119 0f 2008 _ _
months, and its responsibility
was attached to the Ministry of

housing / return to the area
L _ after development)

Duwaiqa)

Housing -  meecccccccccceeeo S o -—- i
__________________ | I+ Allocating EGP 200 million from the i
: « Social Justice v : Tahya Misr Fund 1
a Mqltiple options _forthe L | * The project (Al-Asmarat District) started |
i residents (financial r¢ I inthe first and second phases to empty :
: compensation / alternative : : the slums (Manshiet Nasser / Al- |
1 ! p

1

« Issuance of the Reconciliation
Law for Certain Building

Violations and Legalization of
Conditions No. 17 of 2019 as The name of the Informal Settlements

M Development Fund was changed to the
amended by Resolution No. 1 of Urban Development Fund
2020 i ae .
Housing initiative for all Egyptians
Central Bank initiative for real estate
finance

.

« HayaKarima initiative

Fig. 4 State policy in dealing with informal areas timeline. Source: author according to [17, 18]

sustainable communities by assessing local needs and potentials and three levels of
sustainability: economic, social, and environmental for “Houd 10” in Alexandria.

Miguel P. Amado [20] employed a method that integrates social context analysis
and a participatory design process to develop an inclusive and sustainable approach
for informal settlements.

Moreover, Khalil [21] linked sustainable urbanism and sustainability in informal
urban development by studying four examples, including two informal areas in Cairo
(Boulaq El Dakrour and Imbaba) and two upgrading projects (Imbaba Airport and
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Zeinhom). The results highlighted the importance of developing urban development
theories and guidelines to address sustainability issues.

The slum in Alexandria, Egypt, known as “Ezzbet Abd El Meniem Riyadh’, embraced
sustainable urban development. The study revealed that residents possess the nec-
essary knowledge to address community issues but require guidance, training, and
empowerment to create independent and repeatable solutions [22].

Interestingly, Montoya [23] created 13 indicators to evaluate the sustainability of
informal settlements in 2 poverty-stricken areas of Bogota. Interviews were con-
ducted with residents, and experts validated the findings. Khalil and Gammaz [24]
analyzed informal areas’ compliance with sustainable urbanization principles and
their green features, energy efficiency, and quality of life measures. These authors sug-
gested solutions to increase resilience to climate change and improve quality of life.

Elrefaie [25] introduces a methodology for defining variables and indicators to eval-
uate the sustainability of informal areas. The aim is to develop a rating system called
the Compass of Informal Areas Development, which is a graphical policymaking tool
for urban planners and policymakers to quickly diagnose the sustainability perfor-
mance of informal areas and formulate strategies accordingly, where variables related
to quality of life (housing adequacy and social and economic welfare) with place value
are represented graphically as a ‘diamond’ with a radar shape in four axes. The appli-
cation of this developed rating tool in informal areas has provided a comprehensive
picture and clear interpretation of the area’s performance.

The Government of Egypt has revised its Nationally Determined Contribution
(NDC) to accelerate the transition toward a low-carbon development pathway by
increasing the adoption of renewable energy, with a target of 42% installed capacity by
2030 [26]. This update aligns with Egypt’s Sustainable Development Strategy: Egypt’s
Vision 2030. The NDC includes measures such as promoting renewable energy and
energy efficiency in existing and new buildings [27] and The Informal Settlements
Development Fund (ISDF) concentrates on developing two distinct types of areas:
unsafe zones that are relocated to new housing developments, such as the Ashish
area development project in Dokki District-Giza Governorate, the Maspero Triangle
development project in Boulaq District, and the Al-Asmarat project in Cairo Gover-
norate. The Fund has successfully implemented 13 unplanned area development pro-
jects in various neighborhoods, including Omraniya, Al-Haram, Al-Warraq, Boulaq
Al-Dakrour, North Giza, and Giza City. These initiatives are aligned with the city’s
strategic plan and planning requirements, resulting in improved services for citizens
while adhering to planning requirements and developing all existing utility networks,
civil defense systems, and street lighting. As the ISDF transitions to the Urban Devel-
opment Fund (UDF), it will also engage in other goals related to sustainable cities and
communities (SDG 11), gender equality (SDG 5), economic growth (SDG 8), climate
action (SDG 13), and partnerships (SDG 17) [28].

Comprehensive principles are needed for sustainable development in informal
areas, covering economic, social, and environmental pillars. The existing develop-
ment efforts are insufficient, and specialized principles are lacking. The research com-
pared sustainable development principles, checklists, and prior projects to establish
principles for informal area development, as shown in Fig. 5.
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Fig. 5 Overlapping sustainable development principles, checklists, and previous experiences of informal
areas development to reach components of informal areas sustainable development

Thus, informal areas’ sustainable development principles are divided into four main
categories: economic, social, and environmental sustainability; quality of life; evaluation;
and maintenance. The main principles are divided into subprinciples, as follows: eco-
nomic sustainability: basic needs, work, and productivity; social sustainability: health;
education; community safety; equality; freedom of choice; and participation: environ-
mental sustainability: natural resources; building, and infrastructure; water; sewage;
waste; electricity; earth and soil; and transportation; quality of life and maintenance:
quality of life, maintenance, evaluation and follow up, as shown in Fig. 6.

Results
This research develops a list of informal areas’ sustainable development principles and
applies them to the Boulaq El Dakrour case study, as shown below.

Validation of informal areas’ sustainable development principles through expert opinions
Table 2 and Fig. 7 provide evidence of the results obtained from the statistical analysis
of an expert’s questionnaire using the SPSS program. These results reveal the relative
importance of each sustainable development principle for informal areas.

To establish a balanced assessment of sustainability, the research suggests aggregat-
ing expert opinions by determining the average response for each pillar, including eco-
nomic, social, and environmental considerations. Next, to equalize the weight of these
pillars with a total weight of 90%, we propose normalizing their sum to a value of 30. The
remaining 10% of the evaluation will be allocated to quality of life and maintenance prin-
ciples, where each principle should be given a score of 5.
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Therefore, the criterion for assessing a project’s sustainability includes a balanced con-
sideration of economic, social, and environmental factors, each of which constitutes
30% of the overall assessment. Moreover, the quality of life and maintenance principles
comprise the remaining 10% of the evaluation, further emphasizing the importance of a
holistic approach to sustainability.

Additionally, the table provides a comprehensive overview and comparison of the
sources attributed to each point within the sustainable development principles for infor-
mal areas. The first column outlines the principles and previous developments, followed
by the four checklists mentioned, and the last column shows the relative weight of the
principles.

The importance of having these relative weights also the determination of the impor-
tance of the point and the priority of applying it is to help in asses the case study area
showing the percentage of achievement points in the list of sustainable development
principles for informal areas like other checklists such as LEED rating system.

Boulaq El Dakrour case study

Boulaq El Dakrour is one of the most common unplanned areas in the Giza Governo-
rate. Construction started on agricultural land in 1950. Figure 8 depicts Boulaq El Dak-
rour, which has a population of 1.2 million and a 9-km?2 area (GIZ: Upgrading of Boulaq
El Dakrour Governorate of Giza, 2010, unpublished).

Development in Boulaq El Dakrour began in 1998 through a development coop-
eration protocol between Egypt and Germany, starting with a 5 million Euro grant for
infrastructure in 2003. GIZ aimed to improve the infrastructure and build trust in local
administration.

The work included managing the grant of the community investment fund (CIF) (10%
of the budget, € 0.5 million) and facilitating the agreement on infrastructure develop-
ment projects engaging the local administration and the local popular council (LPC),
and consulting of residents and other local stakeholders. However, in 2015, the Partic-
ipatory Needs Assessment [30] revealed existing issues and their priorities for action,
including solid waste, sewage, road conditions (unpaved streets, transportation, traffic
congestion, street vendors), lack of security (harassment and drugs), drinking water,
electricity, education, gas, hospitals, and pollution, as shown in Fig. 9.

Applying the informal areas’ sustainable development principles to the development

of Boulaq El Dakrour

Applying the determined informal areas’ sustainable development principles in Boulaq
El Dakrour, Table 3 shows how the area performed and the sustainability of previous
development interventions.

Figures 10, 11, 12, 13, 14, and 15 below show the intervention of the infrastructure and
describe the facades and markets before and after the development, respectively.

When conducting a comparative analysis of experts’ opinions (desired sustainable devel-
opment) in expert’s questionnaire illustrated above especially in Table 2 with the views of
community members (the current situation in the region) in the community questionnaire,
the principles of sustainable development were included and formulated in 20 questions in
the community questionnaire that represent the main points in the principles of sustainable
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Fig. 8 Location of Boulaqg El Dakrour District in Greater Cairo. Source: author, according to Google [29]

development for informal areas. However, the researchers found that the residents agreed
with the experts. The residents’ opinions were about the deterioration of the area, such as
decreased access to work and productivity in the area, the decline of this finding supports
the experts’ opinions, as they are less valuable than the experts are, so they are common in
that they reflect the region’s deterioration. Among the positive points from the population’s
point of view and the experts’ opinions is the availability of secure tenure, electricity, and
the ability of the community to participate, as shown in Fig. 16.

The development that took place was limited and at intervals, and there needs to be
follow-up. The problems in the region also increase, such as sewage and waste problems,
security issues, education, health, and others, so sustainable development must be made to
achieve a better standard of living and improve the quality of life.
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Fig. 9 The Priority of the problems in Boulaq El Dakrour for the population [30]

Discussion

Therefore, there was a case of deterioration in Boulaq El Dakrour, which required
development and maintenance since the previous action was limited to spaced inter-
vals and had no follow-up. Additionally, the problems in Boulaq are increasing, such
as sanitation and waste problems, lack of security, unemployment, poor education,
lack of healthcare, and other issues. However, on the other hand, there is the availabil-
ity of secure tenure, electricity, and the ability of society to participate in the develop-
ment process. Thus, the development of Boulaq should pursue more comprehensive
sustainable development to achieve a better quality of life. The Boulaq case has shown
the benefits of applying the proposed informal area’s sustainable development prin-
ciples, highlighting the weaknesses and opportunities through the SPSS analysis of
community responses to the interviews and questionnaire.

The case study has shown the applicability of the proposed principles, found rel-
evant information, and related to real issues identified by the questionnaire respond-
ents. However, not all the principles were equally easy to apply. For example, some
data, such as information about promoting local food production and reinvesting in
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Table 3 Sustainable development principles assessment for Boulaq El Dakrour

16
17

Economic sustainability

Basic needs
Eliminating poverty and hunger

Providing basic needs of food, drink, housing, and
others

Providing security of tenure (rent or property docu-
ments)

Work

Eliminating unemployment and providing a variety
of job opportunities that are easily accessible with
good local training services

Contributing to economic recovery by encouraging
local offices/workshops and crafts, working from
home/office

Encouraging small projects

Productivity

Promoting local production of food and other
goods/services and reinvesting in local communi-
ties

Providing adequate public spaces for trading,
whether individual or institutional, intensifying
urban assembly points and corridors to maximize
the benefit of such trading spaces

Providing effective transport systems for people
and goods

Promote multi-axis urban development, allowing
for synergies between centers and subcenters

Promoting the diversity of land use to strengthen
economic bloc and land development and convert
it to a source of income

Social sustainability
Health

Providing adequate public infrastructure and facili-
ties for healthcare

Providing a pollution-free environment that facili-
tates the exercise of physical and mental health
activities

Improving health status
Education

Providing public infrastructure and adequate facili-
ties for education

Eliminating illiteracy
Providing adequate education opportunities

Increasing community awareness and culture

The percentage of the poor in the region is 27.41%°

The residents built their own houses and connected
the infrastructure services®

Security of tenure is available in the form of rent or
ownership

The unemployment rate is high among the youth
and females, where the number of workers in

the region is estimated at 43,837, the number of
unemployed persons is estimated at 5995, there is a
shortage of job opportunities, and they are available
only for skilled workers?

There are many workshops throughout the region®

There are many shops, and GIZ gives funding and
support for small and medium projects®

Not available

GIZ® developed 60 fruit units and 114 vegetable units
There are also unique spaces available for fruit and
vegetable markets?

Available but not sufficient
None

Various land use: residential, commercial, and
workshops

Twenty-two private health units, eight public height
units, 117 private physicians, and 272 pharmacies
provide health services® . GIZ has established a health
office providing vaccinations and contraceptives”

There has been a rise in the frequency of gastrointes-
tinal and allergic reactions due to sewage problems
and dust spread in the unpaved streets and garbage
piles?

There is a low health status

GIZ has made improvements to schools?

However, there still needs to be secondary schools
in the region, and the quality of education could be
better

A proportion of the population is illiterate

Deteriorated education inside the region and the
high costs of private lessons®

GlZ has implemented more than 20 projects for local
initiatives by NGOs, conducted many interviews with
community members, and planned workshops to

activate new types of participation and interaction®

Page 19 of 28
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Table 3 (continued)

20
21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Community safety

Providing security systems increases the sense of
security and belonging

Achieving Social balance at the neighborhood level

Providing multi-use neighborhood centers and
open areas

Equality and freedom of choice

Facilitating access to permanent housing and
diverse services for all community categories

Providing diverse income-generating communities
and diversifying affordable housing options

Providing public infrastructure and adequate facili-
ties such as civic centers, libraries, sports facilities,
commercial areas, open areas, entertainment areas,
and others

Securing a continuous and open society

Maintaining social justice and promoting gender
equality and empowerment of women

Providing easy access to all facilities on foot

or using public transportation, paying Special
attention to the requirements of children and the
disabled, and improving mobility

Participation

Enhancing community participation in the various
stages of development processes (in terms of effort,
funding, decision-making, etc.)

Participation of government agencies

Participation in nongovernmental organizations

Participation of financiers

Develop a global partnership
Environmental sustainability
Natural Resources

Ensuring fresh air and clean water while reduc-
ing pollution, CO2 emissions, and toxic gases and
reducing thermal islands

Maintaining climate stability and adaptation to
climate change

Maximizing benefits from natural resources (sun-
light, water bodies, wind, etc.)

Developing a plan to restore ecosystems and
conserve biodiversity

Frequent quarrels and acts of violence and a high
rate of addiction and drug trafficking are recorded, as
there are no police stations in the region®

not available

GlZ has made improvements to public spaces (green
areas—seats)?

GIZ has built six youth centers with sports courts,
changing rooms, and a gym. It built the first fire sta-
tion, renovated an ambulance unit, constructed a new
one, and provided different administrative services

(Post Office-Official Registry Office-Community
Service Center)?

There are nine youth centers and entertainment
services that are not open to the public, but there
are amusement parks and one youth center that are
open to the public®

There is less access to housing, and services could
be better

Residential options could be better, and there is an
increase in rental rates

There is a range of different housing levels suitable
for other classes, from craft working class to univer-
sity professors©

There are solid human relations among the
population?

It is not safe for women to go out due to harassment
and lack of safety and security®

Not all utilities are easily accessible

GIZ had partnerships with some community mem-
bers (youth-women) and selected seven community
members to lead seven committees, each consisting
of 200 active members, creating new forms of coop-
eration, and providing advisory services®

GIZ contacted the neighborhood and the
government®

GlZ organized 150 local NGOs under one Board of
Trustees®
There are 183 NGOs?

Successful cooperation with some private companies
(RWE-Mobinil)®

GIZb

Some areas have air, water, and acoustic pollution®

Unstable climate

The nature of the informal areas reduces the ventila-
tion and the adequate entry of sunlight and then
increases the humidity and increases the sense of
cold, especially in winter®

None

Page 20 of 28
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37

38
39

40

41

42

43

44

45
46

47

48

49

50

51

52

53

54

55

56

57

58

Environmental management, environmental moni-
toring, and public participation in environmental
decision-making

Buildings and infrastructure
Constructing valid and sanitary buildings

Reuse existing buildings and maintain and adapt to
historical resources

Supporting densities through the development of
integrated infrastructure

Supporting flexibility in exterior and interior design
Water

Facilitating access to water with local drinking
water sources and managing water demand

Providing high-quality water treatment surfaces
and water sustainability

Ensuring water efficiency in the building and
landscaping

Considering rainwater Management

Adopting a system for leakage and recycling of
water

Sewage
Improving sanitation services

Providing local wastewater treatment surfaces,
reuse of groundwater

Presenting sewage and recycling management
Waste
Reducing waste

Constructing solid waste management infrastruc-
ture

Improving methods of collection, disposal, recy-
cling, and use of wastes

Adopting organic waste recycling programs and
utilizing it as a local fertilizer

Electricity
Providing electricity

Ensuring energy efficiency in buildings, infrastruc-
ture, and site

Using clean and renewable energy and reducing
nonrenewable energy usage

Adopting passive urban design to reduce carbon
emissions

Using environmentally friendly technology
Earth and soil

None

GIZ has rehabilitated 15 houses®
Not available

Infrastructure is unable to support high densities
Not available

GIZ has improved water services®

There are two water stations. Additionally, there is
worn out water network, and sometimes there is
polluted water and an increase in the percentage of
chlorine®

None
None

None
None

GIZ has improved the sewer service and replaced the
old network

However, one of the most serious issues is a rash of
sewage in some neighborhoods since the canal’s
filling caused a rise in groundwater level®

None

There are three sewage stations?

GlZ did a cleanup campaign*but it was not enough,
as waste is still existing in some streets?

None

Lack of waste collection services, insufficient garbage
boxes, and burning of waste increase waste and
pollution rates. Additionally, the spread of stables in
front of houses and so the spread of insects®

None

There are two power stations and two natural gas
stations, and there is a rise in electricity prices in
many houses due to the lack of independent meters,
and some families must get electricity illegally?

None
None

None

None
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59  Planning for urban densities to reduce land use,
energy consumption, and environmental footprint
of settlements

60  Reducing urban crawl

61  Conservation and management of long-term
preservation of housing, agricultural lands, and
water bodies

62  Using innovative and easy ways to access sites
63  Protecting steep slopes and avoiding floods and
high-risk areas

64  Developing the previously used sites (brownfield),
preventing pollution resulting from it, and restoring

agricultural land and water bodies
65  Using local and recycled building materials
Transportation

66  Improving the quality of communication and con-

nectivity between neighborhoods and Providing
services that reduce transportation time (near
dwelling and employment)

67  Providing and managing good road networks and
efficient public transportation

68  Increasing streets designed for pedestrians

69  Reducing parking spaces

70 Providing cycling infrastructure (the road network
of bicycles and parking racks)

71 Reducing traffic congestion and increasing traffic
facilities

72 Expanding transportation networks by setting side-
walks and shaded streets with trees on both sides

Quality of life

73 Improving architectural and urban aesthetic quality
(overall design and vision (

74 Promoting identity, culture, and preservation of
heritage

Evaluation, follow-up, and maintenance

75 Evaluating, following up, and maintaining develop-
ment projects

76 Adopting a plan that includes development and
orientation for expansions

High densities

Fully occupied area
There are buildings constructed on agricultural land

Featured location
Safe location and less risky areas

None

None

There is a pedestrian bridge connecting the area to
the surrounding regions®

The transportation network from and to the site is
good?

GlZ has improved the transportation and traffic
systems and covered 320 m of Al-Zomor Canal for
Environmental Development and Transport®

Streets within the area are narrow and allow only the
passage of tuk-tuk®

Narrow streets do not allow traffic, while streets
designed for pedestrians enhance walking and
cycling and reduce reliance on vehicles®

There are two parking spaces-4 minibus parking
spaces®

None

Traffic jams, haphazard microbus and tuk-tuk parking,
and street vendors encroaching on streets from both
sides of the market may be found on the region’s
edges®

GIZ planted trees, sidewalks, and 500 lighting units
on 50 streets® However, lighting poles are only avail-
able in some areas, and the existing floodlights are
not maintained

GIZ colored the facades®

None

None

None

[30]
b Unpublished reports from GlZ, 2017
€311

local communities, were unavailable. Although there is no local production, there

may be some unannounced local production. In addition, achieving social balance at

the neighborhood level was difficult to assess because data about income in the com-

munity was not available.
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Fig. 10 Taraat Al-Zumar market before development [31]

Fig. 11 Taraat Al-Zumar market after development [31]

Moreover, supporting flexibility in exterior and interior design was difficult to assess,
as additional studies are needed to reach within the appartements. Additionally, some
principles were not applicable, such as developing a plan to restore ecosystems and
conserve biodiversity; adopting a system for leakage and recycling of water; adopt-
ing organic waste recycling programs and utilizing them as a local fertilizer; ensuring
energy efficiency in buildings, infrastructure, and sites; providing cycling infrastructure;
and evaluating, following up, and maintaining development projects. While providing
adequate public infrastructure and facilities for healthcare and education were easy to
reach from the Participatory Development Programme and GIZ reports, other data were
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Fig. 12 Building facades before development [32]

Fig. 13 Building facades after development [32]

collected through site visits regarding being built on agricultural land and having high
densities, as shown in Table 3.

As mentioned, experts verified the sustainable development principles of the
developed informal areas, as shown in the SPSS results of the questionnaires. They
did not exclude any point in the principles, but they assigned each different relative
weight, as discussed in Table 3 above. As a result, informal area sustainable devel-
opment principles support the decision-making process to evaluate and guide the
implementation priorities of the informal areas’ sustainable development.
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Fig. 14 Infrastructure interventions: improving the sewage network [31]

Fig. 15 Infrastructure interventions: New pedestrian bridge [31]

The proposed principles cover all pillars of sustainability, filling the gap identi-
fied earlier in the literature; Khalil [21] selected principles from urban development
theories to help develop informal areas sustainably, but they were not comprehen-
sive. Furthermore, it complements the QOL index for unsafe areas developed by
Abdel-Moneim et al. [33], as the currently proposed principles cover informal areas
(unplanned areas) with different characteristics.
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Conclusions

Informal areas represent a major problem in Egyptian urbanism; the previous devel-
opment projects did not fulfill the residents’ needs or ensure the sustainability of their
efforts. Therefore, sustainable urban development principles must be revised, espe-
cially for informal areas. So, the research tried to fill this gap by providing informal
areas with sustainable development principles. The informal area’s sustainable devel-
opment principles can be reached by integrating urban development principles and
checklists while considering the special conditions and problems of informal areas.

These principles also help the decision-making process guide the implementa-
tion priorities in the sustainable development of informal areas. Hence, they can be
included in governmental urban development plans and in the work of other agencies
concerned with developing informal areas such as UN-Habitat and others.

The research applied these principles to the Boulaq El Dakrour case study and con-
cluded that the development made is not sustainable and the region needs comprehen-
sive sustainable development to achieve a better quality of life.

The study has potential limitations that could affect its generalizability, representative-
ness, and reliability. Firstly, the studies can be applied to other informal areas worldwide
but require different relative weights suitable for their context. Secondly, the sample
size of 50 urban development experts may not fully represent diverse perspectives and
expertise in informal areas. Thirdly, the study heavily relied on expert opinions, which
could be subjective and biased. Lastly, the study only assessed the sustainability of previ-
ous development efforts in Boulaq El Dakrour over a specific timeframe, and its long-
term impacts and outcomes require further investigation.

The future research direction aims to utilize the principles of sustainable development in
informal areas through the implementation of Geographic Information Systems (GIS) pro-
grams. By integrating GIS and parametric urban design programs, a parametric model will
be developed to assess and enhance informal areas in a sustainable manner. This model
will provide decision-makers with insights into appropriate interventions for development.
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