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1 ABSTRACT

The 21st century is known as the century of urksiin. Numerous debates are currently taking place
definecities and what they should aspire to be.ufnlmer of terms have appeared in this arena,such as
sustainable city, eco-city and green city to nanfiewa However, the main question remains how tosuea
the performance of a city in regards tothese aimsaddition, it is vital to note that major urbaaiion
activities take part in cities of the developingridpwhere informalization is synonym to urbanipati thus
necessitating a profound study of informal areaktheir potential role in achieving sustainabléesit This
paper studies how acity performs in terms of consgrand producing resources and how they flow tghou
its various systems, described as urban metaboli$ra. paper particularly discusses how informal srea
perform regarding their metabolism, focusing onewrdlow through these areas as a priority iderdifgy

the residents. Imbaba district, one of the larggsrmal areas in Cairo, is investigated as a &igdy to
determine the actual quality of life of local remids and their ecological footprint and to providegical
insights. The whole process depends on a multgisery participatory research where the citizend a
local community based organization are the focaltptn addition, the process depends on open satata
and data sharing as a way to empower local comieartid identify their needs and issues and hergie th
appropriate interventions. This is conducted thloggiestionnaires and interviews to identify what th
current conditions and processes in informal amaside for the residents. The paper concludes with
identifying points of leakages in the resourcesviand the possible interventions to improve thalityuof

life in the area while maintaining an efficient usé local resources and minimizing the impact of
urbanization of the ecological footprint of citi@his will assist cities to become more resilianthie face of
water scarcity, and provide a more vibrant lifeifsrresidents.

2 INTRODUCTION

Since 2007, more people are living in cities tharthie countryside. (GlobeScan and MRC Mclean Hazel,
2007) Some studies estimate that by the middléhefcentury 70% of world’s population will reside in
cities. This current process of urbanization isnskg many scientists to be one of the reasonsliimate
change, where most of the CO2 emissions from th# bovironment come and where the highest
consumers live resulting in very high ecologicabtfoints. The recent report by Working Group |
Contribution to the IPCC Fifth Assessment Repofim@te Change 2013 states that "it is extremelglyik
that human influence has been the dominant causkeobbserved warming since the mid-20th century.
(IPCC WGI AR5, 2013)This rapid urbanization is nigitaking place in the developing countries where
more than 70 % of the world’s urban population ently live and is lead by Asian cities then Africames.
(UN- HABITAT, 2012)

Over the past 50 years, cities have rapidly expémaeo their surrounding land at a rapid rate. Migys
and transport systems have been built in tandesapport this physical growth. Valuable farmland basn
eaten up and car dependency has increased. Tleenaeraerous theories and debates to how to manabe su
growth both to provide an adequate quality of fibe the city dwellers and to efficiently use theniied
resources within a global economic and environmestsis. These include the terms eco-city, susiaim
city, green city and the most recent addition thslient city. However, it is vital to note that stoof the
urbanization that is taking place in developingrades cities is takes the form of informal devetemt.
Most of the added areas to the city are basicaiily Wwith no prior planning by professionals.

This paper aims addressing the issue of urban wigtal) cities consumption and production of researc
and how the various resources flow through urbastridis. It studies how particularly informal areas
perform regarding their metabolism, focusing onewrdlow through these areas as a priority iderdifgy
the residents. Through the use of different methodisiding GIS, Urban Metabolism Information System
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UMIS and crowdsourcing data, the paper calculatasewflow and its consequential interventions to
improve metabolism and respond to resource scdmgitgasing the resilience of the city.

3 QUALITY OF LIFE AND ECO-RESPONSIVE CITIES

Quality of life has been the domain of developmdistcourse for the past decade. It has been widely
recognized that measuring progress in terms of @GDfot sufficient. There have been many attempts to
address the issue. However, diverse "objective"'anbjective" indicators across a range of disngsi and
scales, and recent work on subjective well-being/B$ surveys and the psychology of happiness have
spurred renewed interest.(Costanza, et al., 20D8)addition, developing eco-responsive cities has
dominated the study and practice of urban developras a response to climate change and resources
limitations.

3.1 Quality of life indicators

It is widely accepted now that seeking better qualf life should be the ultimate goal of developrplans
and not just economic progress. According to thenBmist Intelligence Unit (2005), it has been atedp
that material wellbeing, as measured by GDP pesgpercannot alone explain the broader qualityfefili a
country. One strand of the literature has triecddpust GDP by quantifying facets that are omittgadthe
GDP measure—various non-market activities and kdlsasuch as environmental pollution. Howevere th
approach has faced insurmountable difficulties ssigning monetary values to the various factors and
intangibles that comprise a wider measure of secmomic wellbeing.(The Economist Intelligence Unit
EIU, 2007) Currently, there are a number of indipegposed and used by different organizations twesc
and rate cities and countries according to thedlityuof life. These organizations vary in naturelanterests
and thus in focus and methodology. (Khalil H. B12) The most important indices are Quality of hiyiby
Mercer consultants(Mercer, 2011), Quality of Life index by The Econmist Intelligence Unit (The
Economist Intelligence Unit ERJ 2007), and YOUR BETTER LIFE INDEX by The Orgartipa for
Economic Cooperation and Development (OECD). (QOmgion for Economic Cooperation and
Development OECD, 2011) It is apparent that théerent indices focus on a number of common aspect
as the main core of quality of life, namely: Howgitncome, Jobs, Community, Education, Environment,
Governance, Health, Life Satisfaction, Safety anutkAlife balance.

Despite these various efforts, an important asygestill missing in most indices. It is sustainékjl which
could identify whether this level of quality ofdifcan be sustained or not, whether it is affedtiegability of
future generations to attain such levels or nottama this quality of life uses various resourcdsisThotion
is still underscored, as it is complex to asse$ml(KH. E., 2012)

3.2 Green rating indices

One of the most common indices to assess susthtipabithe ecological footprint EF. (Wackernagel &
Rees, 1996) It requires quantitative proceduresagsessing total flows in an area and comparesthet
faced constraints imposed by the planetary ecasyétarrying capacity). EF converts flows into theaa
ofproductive ecosystems required to sustain sumlsfl However, the limitation of this index lies iis
dependency on standardized and rigorous methodmfdronmentalaccounting, especially when comparing
locations or over time or formulating backcast &récasting scenarios. (Moffatt & Kohler, 2008)

Worldwide, tools for evaluating cities are not aglely available as they are for buildings. Thereais
growing demand for tools to evaluate measures atiditees on the scale of a city or society as aleh
Currently there are a number of indices to ratanrdgglomerations varying in scale and thus theraior
indicators they monitor or rate. Among these inslicelated to the urban scale are CASBEE for urban
development and CASBEE for cities in Japan, LEEDneighbourhoods in the U.S. and Green City Index
developed by The Economist Intelligence Unit aneh&ins. This Index measures the current environienta
performance of major cities in different contineras well as their commitment to reducing theiufat
environmental impact by way of ongoing initiativaed objectives. The Economist Intelligence Unit in
cooperation with Siemens developed the methodolffye Economist Intelligence Unit, 2009) It scores
cities across eight categories: CO2 emissions,ggnéwuildings, transport, water, waste and land age

! Global leaders for trusted HR and related findratice, products and services
“The business information arm of The Economist Grgulisher of The Economist
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quality and environmental governance and 30 ind&idndicators. Sixteen of the index’s 30 indicatare

derived from quantitative data and aim to measung h city is currently performing while the othet 1
indicators are qualitative assessments of citispirations or ambitions. Currently this index cevareas:

Europe, Latin America, Asia, US and Canada, GernaenayAfrica.(Green City Index, 2012)

Other indices related to assessing the sustaityaloifi settlements tailored local circumstances udet
megacity sustainability indicators in Brazil (LeeTello, 2011), The Sustainability Cities Indexing the
biggest 20 cities in the United Kingdom(Forum fdreTFuture; General Electric GE, 2010) and The krgib
Charter for Sustainable Urbanism (The Academy difddism, 2010).

City prosperity index CPI has attempted to fill thap in assessment indices. It comprises five rdiffie
dimensions: productivity, infrastructure developmequality of life, equity and social inclusion and
environmental sustainability. (UN- HABITAT, 2012} hddresses both issues of quality of life and
sustainability. However, the indicators that cansti quality of life in CPI is just a part of theveyall
indicators comprising the notion of quality of liés viewed by other indices. Table 1 shows a coisgar
between indicators of different indices.

S Quality of Life Indices . :
© City Prosperity Index
3 Mercer EIU OECD
Political & Socia Political stability Safety laws, regulations & institutions, urban planning,
= Environment & security
§ Political Civil society, trade associations, special agencies
g freedom
Governanct Governance
Economic Material Income Productivity
Environment wellbeing
Consumer Goods Job security  Jobs Capital investment, formal/inform
employment, inflation,  trade,  savin
= export/import & househdl income
= consumption.
o
i city product

Medical & Healtt Health Health Quality of life
Considerations

Schools & Educatio Education Education, health sub-index.

Social
Serv

Natural EnvironmenClimate & Environment Environmental Sustainability:
geography protection of urban environment and nat
assets, energy efficiency, minimize pressur
surrounding land & natural resources, minin
environmental losses

Environmen

Table 1: Comparing Quality of Life Indices and Cityp8perity Index, (Khalil H. , 2014)

A recent addition to the list is the InternatiorfatocityFramework and Standards developed by the
ECOCITY builders and the BCIT, Canada. (Internaidicocity Framework and Standards, 2011)It i$ stil
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under development but has some similar categonésralicators as the Green City Index. It is comsguli of

15 universal conditions for healthy cities andaliziation in balance with earth systems organitedugh 4
fundamental urban arenas: urban design (accessdxjnity, safe housing and green building, afforldab
housing, environmentally friendly transport), lgee-physical conditions (clean air, healthy sdéaa and
safe water, responsible resources/materials, ctewh renewable energy, healthy and accessible food),
ecological imperatives (healthy biodiversity, liwgthin earth’s carrying capacityand ecological kgles)
and socio-cultural conditions (eco-friendly cultursommunity capacity and governance, healthy and
equitable economy, lifelong education, well beingguality of life). Moreover, it depends on more
gualitative assessment rather than quantitativesassent, which can serve better when using paataip
evaluation of environmental performance of dissriahd cities. This framework is the base for thaliguof

life questionnaire used in this research.

Despite all these studies, informalization as theently most prominent feature of urbanization aem a
surmountable challenge. As major urbanization,vdigls are taking place in the developing world and
mostly outside the legal and formal regulationss kstimated that more than 60 % of Cairo is imi@rareas
with more areas added daily. Thus, the issue exdtirg and sustaining prosperous cities becomesatru
The city might be productive but not equitable anth low quality of life. Therefore, it is vital thighlight
the debate between fulfilling needs and achieviveyall prosperity and using resources in an evewagrg
resource scarcity.

4 URBAN METABOLISM

Wolman (1965) first developed urban metabolism whaccording to White (2002), he used national data
on water, food and fuel use, production rates ofage, waste and air pollutants to determine peitaap
inflow and outflow rates for a hypothetical Americaity of one million people. Through this studye h
helped focus attention on system-wide impacts afdgoconsumption and waste generation within urban
areas. (Decker, Elliott, Smith, Blake, & Sherwoodafand, 2000). It can be defined as “the sum totdhe
technical and socio-economic processes that occaities, resulting in growth, production of energynd
elimination of waste” (Kennedy, Cuddihy, & Engel¥arhe changing metabolism of cities, 2007). Urban
metabolism is based on an analogy with organisnetabolism and as resembling ecosystems. However,
cities are more complex than single organism tletsame resources from its surroundings and excrete
wastes. Thus, it can be more congruent with ecesystwhere achieving a natural ecosystem is tiraatk

goal of developing sustainable cities. (Kennedyc®il, & Bunje, 2011) However, current urban preedi
have resulted in much less sustainable developthanfollows a linear metabolism with high throutgws

of energy and materials and few loops and recyctihgesources. There is a growing need to convert
existing cites and urban development into moreicgcimetabolism where resources are conserved and
efficiently deployed, a similar process as natewsystems. (Gerardet, 2008; Newman & Jenningf)200

Study of Urban Metabolism, although started in 196 seen a period of low interest during the $38@I
then remerged to attract significant interest i@ plast decade. Two main approaches guiding thg stud
urban metabolism can be identified. The first isdshon the work of Odum (Odum, 1983) that aims to
describe urban metabolism in terms of energy edpriva and mainly solar energy equivalent or emefgy.
number of studies followed this approach to cateuthe urban metabolism for cities as Miami (Zudtthe
1975), 1850s Paris (Odum, 1983), Taipei (HuanglS98; Huang & Hsu, 2003) and Beijing (Zhang, Yang,
& Yu, 2009).

The otherapproach follows a broader approach esimgeshe different resources flows through the:city
water, materials and nutrients, in terms of masze8. It follows the progress done in the 1990shin
development of the method of material flow analy@#A), where MFA reports stocks and flows of
resources in terms of mass. In essence, the twmagies are not that far apart; they quantify taes
items, but just use different units. (Kennedy, Bth& Bunje, 2011)

One of the first researchers to identify the keyk libetween urban metabolism and the sustainable
development of cities was Girardet (1992). Thisgpdpllows the second approach regarding the stidy
urban metabolism and although there are many wsdt this research uses urban metabolism aslddoo
sustainable urban design and planning.
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4.1 Resource flows through the city

Few studies seriously attempt to move beyond aisalpgo re/designing the city to be more sustaieabl
resource efficient. Oswald and Baccini (2003) destrated in their work in Netzstadt how a combiraiid
morphological and physiological tools can be usedhe “long process of reconstructing the city"hido
Fernandez and students in MIT's School of Architeethave used the perspective of urban metabolism
regarding material flow analysis in consideringagidn of New Orleans after Hurricane Katrina. (Qu&
Fernandez, 2007)

In University of Toronto, Civil Engineering studenstudied the urban metabolism in order to design
infrastructure for sustainable cities. They facednyn challenges regarding the integration of various
infrastructure. (Codoban & Kennedy, 2008; Engel YEennedy, Saiz, & Pressnail, 2005; Kennedy C. ,
2007). However, they traced the flows of water,rgpenutrients and materials and attempted to dettig
city/ neighbourhood to close loops and reduce mesoconsumption. They have proposed ideas sudheas t
use of grey water for toilets and outdoor use;gisindge from wastewater on community gardensdod f
production. Powering buildings and providing liglaiil systems with energy from municipal waste and
recycling fly-ash from the waste gasification plastbuilding material were also proposed. Thesesurea
have significantly reduced the input of energy,evamaterials, and nutrients. (Kennedy, PincetBuhje,
2011)

Resources that were investigated as part of thanurbetabolism process in cities included: nutrients
(nitrogen and phosphorus) with a focus on individudostances (Feerge, Magid, & Penning de Vries1200

Burstrom, Frostell, & Mohlander, 2003), water issu@Hermanowicz & Asano, 1999; Gandy, 2004;

Thériault & Laroche, 2009; Sahely & Kennedy, 20Baker, 2009), urban material stocks and flows (Niza
Rosado, & Ferrdo, 2009; Schulz, 2007; Barrett, &tkl| Jones, & Haq, 2002) and specific metals iatie

to their environmental burden and potential futtegource (Sérme, Bergback, & Lohm, 2001; Svidén &
Jonsson, 2001; Obernosterer, 2002; Obernosteragu&rgr, 2001).

Other related methods to quantify the flow of matsrinclude Life Cycle Assessment LCA, which piabi

a cradle-to-grave assessment of a process or lsygtam including direct, indirect, and supply chefifects,
and analyse the associated environmental impaot® fextraction to final disposal. (Solli, Reenaas,
Stromman, & Hertwich, 2009; Chester, et al., 2000 International Standards Organization (ISO)rohefi
LCA as the complication and evaluation of the ispautputs and the potential environmental impates
product system throughout its life cycle. (Intefoaal Standards Organization (ISO), 1997) It is elyd
applied in industry to measure and compare thénite environmental impacts of materials and proegss
from the product design/development, followed kgorece extraction, production, use/consumptionearet

of life activities. (Holmes & Pincetl, 2012). Acabng to (Moffatt & Kohler, 2008), LCA differs frormost
other environmental costing and assessment by drigrtime scales both forward and backwards as
product’s life cycle starts when raw materials exéracted from Earth, and ends with waste managemen
including recycling and final disposal.Moreovefeltycle analysis (LCA) and materialflow analydi$HA)
have been refined and standardizedand a commorerark of sorts has beeninitiated through building
information models (BIM)and stock aggregation mehoHowever, LCA widespread application in the
built environment has faced a challenge of intemsiata requirements and the risk of beingincomplate
addition, this method assumes a frozen future wiith change in technology, no new environmental
constraints or new demand on building materialslanduse. (Moffatt & Kohler, 2008)

There is aneed for a complementary informationcsine based upon parcels and flows, where a parag|
consist of a residential building, or a park, adioa shopping mall, or even a sewage treatment. dzach
parcel can be treated the same way regarding iatimm structure as each has the possibility of ueso
demand and supply. At any time it can become acsoof surplus water, energy, peak power, organic
material, ...etc.

Moffat & Kohler (2008) propose a combination of meds based on system-ecological and thermodynamic
modelling encompassing various flows of mass, gndingancial and information to be able to succelbgf
calculate Urban Metabolism. They stress on the mapce of aggregation for MFA, where information is
collected on the local scale of a parcel then aggeal to bigger scales. Similar approaches hava bee
successful with bottom up LCA where products canabgregated into assemblies, and assemblies into
buildings, and buildings into stock at various urlsaales. (Kohler, 2006)
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4.2 Linking the flow to the QOL indicators

It is vital to note that most of the studies ofambmetabolism have focused on the materials flotlv few or

no integration of social metabolism. Among the fesholars was Newman’s work on Sydney, where he
included liveability measures: indicators of heakimployment, income, education, housing, leisuré a
community activities. (Newman P. , 1999; Newmanakt 1996) Other scholars have attempted to link
urban metabolism and Quality of Life. (Stimson, Wes, Mullins, & Simpson, 1999; Lennox & Turner,
2004)There is a growing awareness for the needx@nding Urban Metabolism to cover socio- ecolalgic
systems. This perspective considers the built enwient and the ecosphere as complex, dynamic self-
producing systems, where the built environment khiwe defined not as an object but rather as social
ecological system. (Moffatt & Kohler, 2008; ReeB802; Walker, et al., 2006)

It is vital to consider a closed material realm,enéhall flows from nature and built environment inbs
balanced over long-term. This can be tracked byrenmental accounting, where the question is holiveo
within fixed rates of flows either by reducing demda or by achieving greater service value from any
resource inputs. (Moffatt & Kohler, 2008)An advageaof MFA in this aspect is that it helps to foausthe
most significant flows, and on the most obviousapmities for ecological design (looping and calscg).

In addition, different economies have differeniflpattern. In pre-industrial economies there avaréety of
inputs but with a low level of flow. While thereeafewer inputs in industrial economies, larger flow
guantities, with greater use of import/export atutage to balance the flows. It is interesting dterthat in
resource-efficient economies, there is a diversftynputs, but there is extensive looping and cdiscain
the flow pathways to extract added value from tputs. (Moffatt & Kohler, 2008)

This case study developed in this paper adopted/th& as a tool to calculate the urban metabolism fo
urban areas. It has followed a methodology compitiire calculation of resource flows and a questien
to determine the Quality of Life of local resideitsaddition to their ecological footprint based their
personal consumption. Thus, the net performanceéeameasured in terms of combined natural, sool a
cultural capital.

In the same sense, ecological footprint can be ogeithe national and regional level to direct gekcand
development strategies. While collecting informatan the parcel level help design tailored solgitmat
address specific situations and are more resoudfioeert and better relate to local actors. Whatl Wwe
passed on to the bigger scale/ level would be ¢indices that cannot be successfully satisfied enldbal
scale ( due to economic, technical or other practieasons). This would help create a self-orgagizind
self- reliant properties to the built environmemhigar to natural ecologies (which can be foundatgreat
extent in the informal/ self built urban areas)

5 INFORMAL GROWTH AS A REACTION TO UNAVAILABILITY OF AFFORDABLE
FORMAL OPTIONS

Informal growth is the dominating pattern in théamization process all over the developing wotlds the
way how people supply their needs where their gowents fail to do. Informalizationcan be defined'as
process which is unregulated by the institutionsaifiety in a legal and social environment in wsthilar
activities are regulated”.(Oldham, Shorter, & Tekt894, p. 10)There are mainly two types of infdrma
areas: squatter areas and informal subdivisionsatBey areas are mainly chaotic, unplanned andinayg
while informal subdivisions are subdivided landwieégal ownership but lack infrastructure and arfeas
public services and uses. (Imperato & Ruster, 2003)

A study in 2007 defined informal areas in Egypt‘a what is self-built, whether single or multiosey
buildings or shacks, in the absence of law andrurbgulations enforcement. They are areas builand

not allocated for construction as specified in ¢itg urban plan. Despite the buildings’ conditianay be
good, they might be unsafe environmentally andadlyciand or lacking basic infrastructure and sesi”
(GOPP & UNDP, 2007) However, in Egypt, the termdufm these areas since 2008 is either unsafe areas
developed by the Informal Settlement DevelopmetlifalSDF (ISDF, 2011)which are similar to sluras
defined by the UN-Habitat indicators and unplanaeghs defined by the unified building law 119 floe t
year 2008.

Moreover, the general classification of informatas, in Egypt, includes informal areas built oricdgural
land (comprising the majority of informal developmhén Egyptian urban areas). They are illegal ay tre
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built on agricultural land, not allocated for camstion, and they defy the banning of mixed usespasified

by law. Their general characteristics are: (a) owarlong streets with width no more than 4-5 metsosne
even with dead ends; (b) regular block shapes doupto agricultural basins subdivisions and; (@us$ing
units having constant depth but with different strieontage. Heights are according to owner’s athbility.
The other apparent type is areas built on desed (&hich suffer more deteriorated living condigynin
addition to shacks and environmentally unsafe arbay appear on vacant land on city fringes, wtieee
land is publicly owned, making the buildings thditegal. Their general characteristics are: (a)veds
uneven streets; (b) temporary houses made of premihaterials such as tin, carton or straw and; (c)
insecure tenure.

According to(Khalil H. E., 2010) informal areas gossess many aspects defined by sustainable umbanis
theories. They have defined edges that separate fitoen their surrounding areas, a railroad, camairg
road. They have a distinct urban pattern, espgcidlbse following agricultural basins subdivisions.
Secondary streets act as recreational spaces whitdleen play due to the prevailing sense of séguAs

for the quality of architecture, in some areasaih be poor but can be upgraded to promote lo@ahcter
and sense of place. However, the prevailing vismalge is homogeneous, due to buildingusingthe same
materials, bricks and concrete, and following thme urban pattern. Informal areas are compact g
densities, e.g. 890 person/hectare in Boulaq Allakdistrict, Cairo exceeding other formal areas tiuthe
privately development mechanism. Thus, providingedect setting for walkability and energy efficign
The buildings are stacked together with usuallyyomhe free facade, which minimizes thermal loads,
maximizes space use and enhances energy effici@#hey. are characterized by narrow streets, whieh ar
mainly pedestrian. Services which are mainly comitgubuilt are usually within less than 10 minutes
walking distance. However, government provided ises/ might not exist in close proximity. Streete ar
interconnected; however, they advocate pedesttianghicles, as they are narrow. Although there is
network of wider streets, due to increased trdfad, they are usually congested specially at magleees
and area entrance points. Moreover, streets céwoldeng without crossings, which decrease conwviggti

These areas have a variety of uses that make themlete and independent for daily needs. They ean b
considered as a separate identity and providetitgutilities for many residents. Residents camdpheir
life working, living in an informal area without tiag to go outside except for some higher educatiand
health services. Despite that mixed uses in infbareas is seen by the formal authorities as iecbyit is
the mixed uses that give the area its richnesslidi@ss and advantage of availability of needs iwithe
area, an advantage sought by the new urban trdads.prhese areas also offer uses and utilitiesafor
diverse spectrum of groups, ages and incomes. Ther@ariety of housing opportunities in infornaaeas
since they are community built and are driven I®irtheeds. Different sizes are available and inesareas
there is a variety of standards, especially in rmfa areas built on private lands. This diversityd a
community driven development pattern adds to tle@’'arsense of place, as opposed to the identioekél
in publicly developed projects.

Informal areas have their own transportation neftwaord modes that might be exclusive to them, which
explainswhy entrances to these areas are alwaysidevad as transportation nodes. They rely on @riva
transportation modes, ranging from microbuses, ygickucks, and recently autorickshaws (toktok). Sehe
are usually in bad condition, and driven by unlgeshdrivers, thus posing threat to passengers bwel to
the environment. However, sometimes these areasbaie beside railways, underground metro or
transportation stations and can benefit from suwatilifies. Despite this drawback in transportation
informal areas, people use bicycles a lot or wiallis adding to the area’s green advantages.

Land uses are distributed according to needs, wémrenercial uses and other services are distribaltad)
the main streets, leaving the narrower streetsdsidential and recreational uses. Informal areae\self
built by the community and its informal sector. Agt all development decisions are community digkcte
The community has succeeded in providing housirtylasic services through collaborative efforts.edth
services, such as child care facilities, medicaitexs, training centers, etc., are usually provitedugh
community based organizations. Thus, these effodgide a solid ground for further participation.

What these areas lack is an overall urban visiaiheg are built incrementally. Moreover, where ldnad is
privately owned, open spaces are usually overloaisetthey have little or no economic revenue. Thepat
provide access to nature. On the contrary theyaditeeat to nature. This can be overcome by pragprv

ProceedingREAL CORP 2015 Tagungsband ISBN: 978-3-9503110-8-2 (CD-ROM); ISBN: 978-3-950819-9 (Print) m
5-7 May 2015,Ghent, Belgium. http://iwww.corp.at Editors:M. SCHRENK, V. V. POPOVICH, P. ZEILE, P. ELISE|, BEYER



Urban Metabolism and Quality of Life in Informal das

whatever vacant land that still exists inside thiorimal areas, and belting the whole area to preiten

further encroachment on green fields. Moreover,mtiere is an open space it is not taken care lesan
there is a strong sense of community between nesidélthough high density is favoured by sustaieab
urbanism theories, it is vital to note that exigtinigh density does not pose a threat to humandivi
conditions. The UN-HABITAT suggests a maximum crowss indicator of 2persons/room.

The people’s way of developing is “smart”, howetlegir settlements need a more comprehensive agproac
to insure the provision of needs; housing and sesyiin a more environmentally responsive pattern.

6 INVESTIGATING THE RESPONSIVENESS OF INFORMAL AREAS

As mentioned before, it is estimated that more tB&n% of Cairo built up area is informal ,and still
increasing daily. Imbaba district as part of thetimnsector in Giza,(Greater Cairo Region) on thetvizank

of the Nile, as shown in Figure 1, is one of thrgdat districts that grew in an informal unplanpadtern. It
was previously agricultural land that was subdididiéegally to accommodate housing needs of the eve
growing urban population of Cairo. Currently it masre than one million inhabitants with a densitgging
around 650 persons/ha. It is considered as a cémtatisplaced people from the countryside to Gairo

Figure 1 Location of Imbaba within the Northern ®eof Giza, Greater Cairo Region, Egypt.

6.1 Defining the district and pilot area

On the macro scale, urban prosperity in Imbabaesclow in a number of indicators as seen in Tableig
evident that the quality of life in such areasas acceptable. This is mainly due to a number ctiois. First,
Imaba lacks adequate services including educatiohh@alth facilities that can support a good quadit

life. Second, the street network that resulted fittve unplanned growth resulted in incompatibilitithw
traffic especially when the area grows extensiasdyimbaba. The dependence on microbuses, pickups an
autorickshaws as the primary mode of transportdiammade things worse, with their induced poliutad
increased C@emissions; especially given their usual bad camait Third, Imbaba lacks open spaces that
promote civic activities, alternatively civic intation takes place in streets as the major opetesga the
area. Informal areas consume less energy due to dbmpact design. However, this compactness and
extensive use of bricks, concrete and asphalt ase® the effect of urban heat island in the atess t
reducing comfort in outdoor spaces and increadiegntal loads on buildings. Regarding green spaces o
vegetation, they are scarce in Imbaba, (excepghBonewly opened park on the site of a relocatgube)) as
they require land, which is privately owned and eleged according to the maximum economic profit
available. The area provides a prototype for infdrareas that constitute most of Cairo.

Sector City Prosperity Index Imbaba

laws, regulations and institutions, urban plannirOriginally informal, illegal, unplanned but now
Governance under the jurisdiction of Urban Law 119

Civil society, trade associations, special agenciMany civil societies are active
Productivity Informal economic sectors strives in the area

Capital investment, formal/informal employme
Economic inflation, trade, savings, export/import ¢
household income/ consumption.

city product
Infrastructure There is adequate water network and sanitation
Infrastructure  Infrastructure proper Transportation is insufficient depending

privately operated microbuses and autorickshaws
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; Quality of life Health services are not enough
Social Serv. - : o
Education, health sub-index. Overcrowdness of pupils in school classes
Environmental Sustainability: There is continuous encroachment on agro

protection of urban environment and nat Regardng energy efficiency buildings perfo
Environment assets, energy efficiency, minimize pressunwe”, however the outdoor spaces suffer from

surrounding land and natural resources, mini effects of urban heat island.
environmental losses

Table 2: Imbaba area performance according toriteria of prosperity developed by UN-Habitat, steir(Khalil H. , 2014)

The study area as shown in Figure 2 is a typicakthuse area. It has both retail and residentied asong
with some workshops. The prevailing building heightd storey high and the buildings are attache@® on
sides leaving only one facade free. The area isobrike oldest in the district with some buildindating
from the 1960s, which implies the consolidationiesta both the built and the social environment.
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Figure 2Imbaba district and the study area, Cairo

6.2 The methodology and process

The field study in this paper is part of the Edaeit World Map Project (EWMP), which is comprised o
three distinct yet interwoven components: the Rastmp, the Platform and the Pedagogy. (Khalil &nRo
2015) The Partnership is led by US NGO Ecocity @i and joined by Esri, the Association of Amearica
Geographers, Eye on Earth (a partnership of UNEPAIDGEDI Abu Dhabi Global Environmental Data
Initiative), Cairo University, Mundiapolis Univetgi University of California at Berkeley, local NGGnd
community partners. This project uses new conceptsrowdsourcing and crowd mapping. It aims to
calculate the ecological footprint and the urbartaielism of a typical neighbourhood (in Imbaba riti$t
and encourages residents to participate in dateegag with the help of the team and local Comrtyuni
Based Organizations CBOs.

The Platform of EWMP provides the incentive and understandorgcbmmunities to crowd-source urban
data and holistically assess the condition of tmeiighbourhoods. This promotes more democratic and
grassroots leadership in proposing and planningrientions that directly enhance the sustainabditg
equitability of cities. Geographic information systs (GIS) and urban metabolism information systems
(UMIS) are the two primary methods employed foramiging and displaying data through the Platform.
UMIS describes a system, along with all of its comgnts, to account for and analyse resource flewkey
move from the natural environment (i.e. a sourbedugh the built environment (i.e. a city) backthe
natural environment (i.e. a sink). Sankey diagranesa means to represent this whereby the widénrofvs

in a linear flow is proportional to their quantiffhe Platform displays data in visually accessitgs that
communities can customize and interact with diyectpecifically, spatially dynamic online maps with
multiple dataset layers and Sankey diagrams.

% www.ecocitizenworldmap.org
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The Pedagogy of EWMP is defined through a resgastite framework, breaking down existing structura
barriers between the researcher and the reseammgihcludes a training-of-trainers (TOT) methadyl to
support capacity-building among students and c¢idz& hese trainers then engage in knowledge-tnansfe
activities with citizens, facilitating bottom-up tdacollection, analysis and publication to the fielan.

The Project’s piloting in Cairo, established inlg&014, has been led in part by El-Balad and Hbakk
development organization, both local community-baseganizations (CBO) in the neighbourhood of
Imbaba. The CBOs mobilized citizens, through tlesisting networks,worked with the students at Cairo
University who were trained on adapting and apgjypublic participation techniques, GIS and UMIS, by
academic faculty and the EWMP Partnership.

The students engaged in labs, lectures and grotnitias that touched on these topics. A community
roundtable invited elders, youth and leadershimftbe selected study area to a presentation oBEVWEP,
where a discussion took place concerning refinhrey gurpose, scope, preferred decision-making models
study area boundaries, data-reporting standards camtership of research outcomes. At the Imbaba
roundtable, the community prioritized concerns atbaccess and quality of potable water supply.

The field work started withfield visits and transaa@lks to identify various issues, resources antémntials

that ran in parallel with the community roundtabfgivities. A complete urban survey was conductethe¢
study area including: land use, building heightslding conditions, construction materials and duiy age
producing GIS maps. This would be the base for simgothe samples for conducting the parcel aucitet

on identifying the existing archetypes. This wag thata collected from these sample parcels could be
entered into the UMIS to aggregate the resultsansingle Sankey diagram showing the water flow the
area.

An intensive training was held as a two-day TOTréwehere the CBOs and students facilitated workshop
and initiated the citizen-led collection of dataams were arranged according tothree differenectidin
methods. First, environmental assessments of airater quality tests were conducted to samplespunit
including 10 components measuring the level of &pper, iron, nitrate, phosphate, chloride, chiarirad,
chrome, ammonia, and coliform. Second, qualityifef (based on the International Ecocity Frameward a
Standards IEFS) and ecological footprint questioesawvere asked to residents on street and inrdifte
shops.Third, parcel audits of resource managemtarttrg with water demand were conducted to sample
units. At the designated workstations set up witlie study area, one of the CBOs quarters, data was
digitized, samples were tested against establiblasdlines, and results were analysed. The datactexd
from parcels concerning water consumption was agdgeel to the whole study area, in order to have a
concrete idea about the water consumption in tea.df urban survey data is available for the wholbaba
district, an aggregate for water consumption indtstrict is possible. A number of flyers and posteere
designed by the students to inform local residabtut the project and its aims and activities.ddion, a
workshop and project presentation on street wadwtiad to engage local residents into the acts/iied
reach out for their interest and participationg(fe 3)

Figure 3 workshop and presentation on the streemgage local residents and youth, authors

In order to complete the water flow study, the stid along with the CBOs have investigated watatfityu
and flow from upstream, the potable water fachiitigh its intake from the Nile, and the downstreatmene
wastewater goes through the water treatment faeilitd, in most cases, back to the Nile. Acompletek8y
diagram was developed based on the complete infamma&ollected. After finishing the data analysis,
another workshop and presentation was conductetieostreet to demonstrate the study findings talloc
residents and ensure project transparency.
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7 DISCUSSION OF THE OUTCOMES

All produced data for Imbaba was published throtighPlatformi and has demonstrated quality, access and
management issues. In terms of the former, thatguwllife questionnaire results showed a laclkhealth
care services; and when existing are inefficietite Employment opportunities are always found in the
commercial career. There are no entertainmentitfasilor green areas in the area. While regardimy t
ecological footprint questionnaire, the resultsesded that 75 % of the citizens consume very high
environmental resources due to behaviour whereanmage reuse/ recycling exists in the area, higlgeisf
electricity and water based on personal conduttcansumption of large quantities of fossil fueddéyl

The water quality testing as shown in Figure 4reasaled an increase in the percentage of colifzaateria

as a result of broken piping infrastructure mixipgtable water and sanitary streams and the former
existance of an irrigation canal that was filledwithout proper treatment. Moreover, there wasraneiase

in copper traces due to old piping infrastructunel aninimal storage maintenance. In addition, traafes
phosphate were detected in many samples due forther history of the area as anagricultural land the
infiltration into the old pipes. The samples frome tpotable water facility and the Nile intake itite station
were of good quality. This in turn has proven ttegt water quality problem is caused by local protsien
Imbaba area due to the low quality of the pipingtesn and the high infiltration of both sewage waited
contaminated underground water in the area.
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Figure 4 Water quality testing sample results foogphates, coliform and copper; the red bars ar©\&etepted ratios, zero for
phosphates and coliform, authors

In terms of management, parcel audits have shoven pater flow from the main supply lines and the
disproportionate use of water demand accordinguttaling archetypes. In addition, the existing lowater
pressure in the water network (due to old pipes ¢bald not withstand higher pressures) necessitidie
dependence on electric water pumps (with their rdmurtion in increasing costs of electric bills) ahidh
water consumption and consequently unaffordablemalls, which in part is due to behaviour butoatkie

to leakages in the water pipes.The Sankey diagnaduped for the water flow in the area (Figure 5)
presented citizens with visual guides to suggesasafor conservation (e.g. minimizing use in cogkin
efficiency (e.g. low-flow shower heads), cascadieg. grey water use for rooftop gardens), and eatitng
for municipal upgrades of infrastructure upstreang.(retrofitting crumbling concrete plumbing witiore
enduring materials to minimize water loss). A sepéprinted materials and awareness events, @iy
El-Balad CBO and the students, disseminated tlo¢ gilidy results and ensured transparent flow tf tta
the local community.

Therefore, a number of interventions have beengseg which are divided into three groups. Firstiten
neighbourhood level, changing the water networthaarea, which is rather a governmental respditgibi
Second, on the buildings and units’ level, replgciteteriorated water pipes, adding water filter and
installing grey water system. Third, on the individl level, promoting efficient use of water through
behavioural awareness and education. A feasitslitdy was conducted based on low cost solutions to
provide buildings with better water quality and wed consumption through replacing deteriorated wate
pipes on the building level (to prevent water pidio resulting from these pipes as iron & copped an
prevent leakages), adding water filter (to impravater quality and reduce deseases as liver & kidney
failures and diarrhoea) and installing grey wateatment system for each apartment building (todsl in
toilet flushing, cleaning surfaces, on street cashing ...etc.). In addition, if the treated grestev quality
permits, it can be used in roof planting. This wiked accurate testing of the treated water torensu

* http://ecocitizenworldmap.org/pilots/cairo
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adequacy. Moreover, participants formed an advogaoyp to mobilize funds for household intervension
and to push for governmental financing of upgraddbe area’s water network.

i o =
C = | F

Figure 5 Sankey diagram showing the water flow theostudy area from source (the Nile) to the detalater facility into the area
and different uses in the parcels, downstreameaavhstewater treatment facility and onto the sihk {ile)

The team have also undertaken the same study sgiflow through the area and is currently stugyah
material flow. This is essential to ensure thecedfit use of local resources and the adequatevarigon to
reduce the residents’ vulnerability to climate ad@Moreover, the project continues to build theacijes
of both the CBOs and local residents through cotinigiche same investigation but for other resoutoces
enhance the awareness of the issue of resourceertly and to enable them to contribute indeperyglémt
the data gathering and assessing their needs amctigs. In addition, the technical capacities ngal
through the process has enabled the group to agpaiher informal and formal areas.

8 CONCLUSION

Urban metabolism is becoming not only a quantifyieganalyzing tool, it has the potential to infigethe
sustainability of districts an neighborhoods. Ih @axpand to reach multiple parameters such as ityobil
employment,education,..and many other that couftybnnovation in the field of urban systems.Thisuid
definitly imply new approaches, methodologies, sewhniques while dealing with new factors that weoe
tackled in the current state of the art. The studimbaba demonstrated the moderate living conustim
informal areas which mainly suffer from lack of hbhaservices, entertainment opportunities and green
spaces. There is big problem in consumption of wmess, mainly water in the case of Imbaba. This
necessitates a prompt response from various stilegboon different levels. Water scarcity is a gray
global problem, but it accentuated in Egypt givenlimited water resources and diminishing sharéhef
Nile water. If the results of the field study aggeegated to encompass informal areas in Cairowtter
consumption/depletion would be alarming. Thereniseal to address this issue both on the policy landl

on the local level of district plans. Personal bédar is vital in this issue, where common practioé water
over consumption and illegal encroachment on thiemreetwork should be reconsidered. The problem was
easily communicated through the tools used incm@iS, UMIS and the produced maps, charts and $anke
diagrams. Moreover, the partnership between diffestakeholders can provide an adequate platform fo
promoting the methodology and the results ontootaidy locally appropriate solutions that are both
affordable and require minimum technological cajpesifor maintenance and upkeeping. The studyladrot
resources would also provide insights to minimiomsumption and promote looping and cascading to
maximise the value added of limited available reses, guiding autorities, NGos, and the citizens
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themselves since it does not rely on predictiangfiects facts in daily life, behavioural patterand related
societal norms that affect the form and functiothef built environment. Studies in urban metabilisrauld
also assist in providing design and planning gingsl for developing more responsive vibrant commiesi
that address local needs and foster better qudlitie.
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