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Abstract

Algeria's interest in the global warming issue #sdccommitment to reduce its GHG emissions by 2G&fluires research for
operational solutions to support this effort. Thatails establishing new urban planning tools, eigflg at the local urban

scale. At the root of harmful Climate Change, sitieust exploit their full potential to set up méttgpn strategies.

The interest of Industrial Symbioses in optimizitige industrial metabolism led us to explore sucpotential for the
operational urban planning needs focused on redu€i®, emissions. This article aims to study a Low Carlunban
Symbiosis (LC-UrS) performance at Algiers locallscBased on a systemic approach, the study defiingty, the concerned
urban system. Secondly, it explores its perimetgylmbiotic potential to build a database allowirgyelop the possible
symbiotic scenarios and quantify their performaimcenergy optimization and G@&missions reduction. The gains are then
estimated for each scenario. An urban design glydte the considered optimal scenario is propaseier an action plan for
LC-UrS.

The results bring interesting answers for energymipation and C@ emissions reduction, with estimated rates of 3025fb
13.27% per year, in Algerian’s capital city cashisToptimizing potential will be even more signéitt for other cities in the

world, particularly with the increase in urban veastowever, implementing such a strategy would requickdpaund conditions.
Keywords:

CO, Emissions Reduction; Local Urban Planning; Syribitrban System; Low Carbon Urban Symbiosis; decdrban
Metabolism; Waste- Energy metabolic flows.



Abbreviations list 11066 Words

CcC Climate Change

EH-OS  El Harrach-Oued Smar PDAU Master Plan for urban planning and urban design
HSW Household and Similar Waste SNAT National Teryi Planning Scheme

IE Industrial Ecology TLC Technical Landfill Center

IS Industrial Symbiosis UM Urban Metabolism

LC-UrS  Low Carbon Urban Symbiosis urS Urban Symisios

1. Introduction

Since the 2000s, global warming speeding up worttes international community. With the increasegiobal average
temperature and the accumulation of Greenhousesdabks in the air, the Climate Change (CC) impachgwout to be
increasingly irreversible on our environment, ocoomies, and our security. That requires a coatdahaction to meet the
challenges of socioeconomic, environmental, andtéeial resilience. Algeria is not safe at CC.idteven among the most
vulnerable countries to climate disturbance effetts contribute to the worldwide effort, Algeriashaommitted to reducing
its GHG emissions by 7% by 2030, compared to theeoti state (INDC, 2015). Realizing such natiorahmitment requires
the new tools enabling its implementation at thmal®scale. As cities are at the core of CC, theythe main contributors and

the most vulnerable subjects. Simultaneously, tteg\give all potentialities for implementing mitii@n strategies.

The main challenge is to reduce £émissions, the major gas for 76 % of total GHGssibins from fossil fuel combustion
(IPCC, 2014). For Algerian cities, C®emissions from fossil resources make up 99.91%efenergy for urban activities,
mainly for Housing (36%), transport (41%), andusttial activities (16%) (APRUE, 2017). Their retlan should occur with
six sectors' contributions: energy, industry, tpars agriculture and forests, construction, areléhvironment (INDC, 2015;
Berezowska-Azzag et al., 2016). For the first tveatars, the literature review shows that reseamh dften focused on
Industrial symbiosis (IS) strategy performancesough, Urban Symbiosis (UrS), an extended conceptSofcovers
possibilities for looping metabolic flows withingtbroadest framework of a city. However, UrS hasysb proven itself in
operational applications (Lorrain, Halpern, and @hehé, 2018). Unlike 1S, which searches to shheeflows between
industrial compatible processes, UrS searchesuserdoth urban and industrial waste (from housingdystrial activities,
urban public amenitiesand green spaces), as a secondary raw materiahengy sources for various urban activities:
industrial, agricultural, residential, transportrKtan, 2004; Van Berkel et al., 2009a; Vernay, 20&kin et al., 2016;
Mulder, 2016), through integrated waste managenfamnth a strategy of functional diversity has theeptial for optimizing
energy use and reducing consequent emissions.ultl @so create a complementary relationship batwesious urban
activities"by taking advantage of proximitfChertow, 2000). In other words, UrS has not jhetpotential to redefine urban
activities programming and organizing on a locatitery. It could likewise add to change urban plang and urban design

methods' in the future, with the aim of carbon esioigs mitigation.

So, it seems significant to test the performandea dow Carbon Urban Symbiosis (LC-UrS) in a pardc case. The
Algerian context appears interesting insofar asyiiban planning tools are looking for a radicatrtnaul since 2011 (MHUV,
2011) apparently without succeeding, nor incorpogatlimate issue. This study explores the symbiptitential at the local
scale in Algiers metropolis. We choose the cas&loHarrach-Oued Smar (EH-OS), an inter-municipatitery, with a

substantial urban and productive potential, ineigdindustrial activities, transport infrastructussyd major urban amenities.
This local territory undergoes high metabolic flmivculation, high demand for energy, and under gres on natural

resources and the environment (Chaker, 2015).i$ncthntext, two questions interest us in particul@rDoes the concerned

case contain sufficient potential for integrating &rS strategy, able to optimize local energy ws®l thus, mitigateCO,



emissions? (ii) If the results would prove encgimg, what would be the conditions for its integwatinto local urban

planning tools?

These questions generate two logical ways for aialyn the one hand, a systemic approach helgsfire the urban study
system in its global environment: its boundari@stisl-functional organization, and purpose. Ondtieer hand, it is to study
the mechanisms of its evolution toward the intendes and the operational actions it implies, to ke urban planning and
urban design needs. The proposed methodologic&lamwent combines the theoretical concepts draom fiterature and
the operational lessons obtained from the case stuthkes shape with a theoretical model thatdtte tested and discussed
in similar situations (Desthieux, 2005; Thietaraet 2014)YFigurel]. Firstly, the article presents the theoreticaffeavork of
the UrS concept and outlines its interest in im@ating sustainable development policy in Alger@describe the global
context. Then, it identifies the studied urban eysand presents its local context. The methodcdbgiection presents the
database and describes the methods for modelinG-BrSand quantifying the potential of energy optimizatiand CQ
emissions reduction for the different symbioticremdos. The results, discussed in the followingieas, enable identifying
the optimal scenario and outline the conditions a&odstraints of its implementation. Finally, a clsgon prompts

observations that answer the underlying inquiries glaces them in the larger context.
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Figure 1: Methodological approach, steps and results

2. Background

2.1.The concept of UrS as an extended concept of ISgliature review

Considered aractical strategyto develop a sustainable city (Van Berkel, Fujiashimoto & Geng, 2009b; Ohnishi, H.
Dong, Geng, Fujii & Fujita, 2017), UrS was develdpé origin, in the field of Industrial EcologffE), as an extended
concept ofS (Van Berkel et al., 2009b; H. Dong et al., 2014Dlong et al., 2016; Ohnishi et al., 2017).

IS was qualified as a relationship that describeslacal exchange of resources between differempemies (Chertow, 2000,
2007; Lifset & Graedel, 2002; Chertow and Lomba&flQ5; Jacobsen, 2006; Hashimoto et al., 2010;dndPet al., 2016).
The most cited definition in literature is given Gpertow (2000}, who explains the process‘asdustrial symbiosis engages
traditionally separate entities in a collective appch to competitive advantage involving physicathenges of materials,
energy, water, and by-products. The keys to indstymbiosis are collaboration and the synergigtassibilities offered by
geographic proximity.”(Chertow, 2000, 2007; Kurup, 2005; Jacobsen, 20@#; Berkel et al., 2009a; H. Dong et al., 2014;
Ohnishi et al.,2017). ThudS has been categorized as a concept of collectiseuree optimizatio (Jacobsen, 2006),

principally concerned with cyclical flows througktworks of businesses (Chertow & Lombardi, 2005)thwhe development



of IE, IS becomes a sub-field oE (Chertow & Park, 2016). It was diffused throughsignificant parts of the world as a
practice able to reduce the ecological impact dlgtrial processes (Boons, Chertow, Park, Speklkankl, Shi, 2017) and
ensure ecologically sustainable industrial actiyihertow & Lombardi, 2005; Berkel et al., 20098)ince then, the concept
of IS has evolved considerably, as much theoreticallyhieysignificant research effort in the scientdfmmmunity, as well as
in practice (Boons et al., 2016; Chertow & Parkl@0 Several countries have committed to conduct®gractice, as
examples: the United Kingdom, South Korea, ChinartiNAmerica (Massard et al., 2014; L. Dong et2016). But it was in
Japan, with the Japanese Eco-city program launich#@97, that the concept birban Symbiosi&IrS emerged.

This program has expanded tt&initiatives' scope, limited to specific sites, goomote industrial-urban interactions on a
larger scale, that of "the city" (Van Berkel et 2009b; Geng, Tsuyoshi & Chen, 2010). Thus, thecept ofUrS was defined
by Van Berkel and al. (2009b) &ke use of by-products (waste) from cities (oramlareas) as alternative raw materials or
sources of energy in industrial activitie®’an Berkel et al., 2009b; Geng et al., 2010; Charjita, Ohnishi, Fujii & Geng,
2012; H. Dong et al., 2014; L. Dong et al., 201&n3hi et al., 2017). Likewise, the concept of W&s introduced in the
Netherlands as an innovation to create circulaamdystems and a more efficient metabolism of<{fiéernay, 2013; Vernay
& Mulder, 2016). It was defined as a strategy fptimizing the urban metabolic system by using thexjmity of various
infrastructures for symbiotic effects, thereby reidg resource consumption and emissions (Muldet6204ulder, 2017).
This approach refers to initiatives aimed at clgsmaterial and energy flows within a given urbaeaafVernay et Mulder,
2016). It focuses on urban infrastructures in enpénting UrS, considering the city as an infrastna node and an
important innovation scale (Mulder, 2016; Mulde®1Z). In Switzerland, Ray (2013) proposes the cphoéthe symbiotic
city" to the urban planning fieldy transposing thie principles. His approach emphasizes the economndcsagio-cultural
benefits of &Cyclical Urban MetabolismRay (2013) defines the symbiotic city as an ojation strategy that seeks to
promote d'syntropic”urban system, i.e., an ecosystem that allows tleuwagement of the economic and socio-cultural
development of cities and urban areas, but whasesilcyclical metabolism makes the best use of itedoresources and
minimizes waste rejection (Rey, 2013; Lufkin, Erkma& Rey, 2016). Similarly, the concept ofSymbiotic
neighborhood'was proposed to develop new planning principleds mew energy strategies on a smaller spatial scaie.
concept helps examine the aspects of urban andextthial development, local autonomy in termsmédrgy and resources at
the neighborhood scale, by integrating issueseaél&t buildings, infrastructure, mobility, goodsidaservices (Lufkin et al.,
2016).

In short, the two conceptS/UrS are a metaphor that takes up the idéfood chains‘symbiosis” in natural ecosystems,
where the consumption of energy and materials fisniged, and the waste of one serves as a reséareamother (Frosh and
Galopolus, 1998; Chertow, 2000; Erkman, 2004; SGFIE011). An industrial/urban ecosystem is, themefthe space in
which an 1S/UrS can occur by introducing compelliigg back to natural systems (Chertow & Park, 2008ere geographic
proximity, functional diversity, looping flows, andetwork exchanges are the main implementing pgraisi Nevertheless,
some differences between IS and UrS emerge froriténature review on three key issues : (i) thalsof the system, given
that geographic proximity is a well-recognized edatfor implementing UrS/IS (Chertow & Park, 201t local urban scale
is a one that is both large enough to offer pol#s for material exchange between actors andlisemough, to allow
communication and collaboration (Sterr and Ott,£00hertow & Park, 2016); (ii) the objective anage of the symbiosis,
IS scope covers the only industrial dimension (8a2010) compared to the UrS that can optimizad¢leurces consumption
into the broadest scale of the city (Vernay et Muld2016); (iii) the functional diversity, by &img the urban metabolic
flows, UrS, enables to take advantage not onhhefdroximity of co-located industries but also réleanges between various
industrial and urban spaces including householdjragercial, municipal, industrial activities and unbiafrastructures (Van
Berkel et al., 2009b; Mulder, 2016). To summarthe, differences between IS and UrS are compargdlite 1.

IS UrS
1. Scale Industrial park City




2. Objective & Scope Optimizing the Industrial Metabolism Optimizing the Urban Metabolism of
of Industrial Systems Urban Systems

3. Functional diversity Include industrial activities Include all urbanisaittes

Table 1: Key elements of the difference between 1S/UrS

Indeed, considerable environmental benefits hawen lsemonstrated in several 1S/UrS pioneering ptejdor example, the
Kalundborg Symbiosis in Denmark (Chertow & Lombar2)05; Jacobsen, 2006), Eco-city projects in Jgpam Berkel et
al., 2009a; H. Dong et al., 2014), the Hammarby ehad Sweden (Suzuki et al., 2010). Several studés demonstrated the
IS /UrSperformance in reducing energy use ang €Rissions, as well as on industrial parks scafenaes city scale (L. Dong
et al., 2016). Referring to recent scientific cdnittions (cited in the column of source¥gble 2 below presents the gains in

energy use and G@missions from some of the most documented intiemel experiments.

Symbiosis Gains in Energy use Reduced CO2 Source
emissions
[1] Kalundborg IS - Denmark 30 000 tons of fossil fuels/year 130 000 tonsf@€ar Ehrenfeld & Chertow, 2002
[2] Kawasaki UrS —Japan - 4,26 MtCOe/ year H. Dong et al., 2014
[3] UlsanIS/U,S — Korea 136 333,4 toe/ year 486 665,1 tons O¢@ar Kim et al., 2018
[4] Guiyang IS/U,S —China 18864 tce/an 49046 tons @@kar Fang et al., 2017
[5] Taranto IS -ltaly 170 82 toe/ year 1660,90 tons £Q@year Notarnicola et al., 2016

Table 2: UrS/ IS Performances in energy optimization and CO, emissions reduction

However, up to date IS/UrS have not yet been iatiegr into Algeria's urban planning process. Thaipile the strategic
policies introduced by the Algerian central auttiesi for the country's sustainable developmenthin fields of national
territory development management, natural resoupreserving and climate change mitigation as docietein various
strategic planning tools (PNAE-DD, 2002; SNAT, 2010DC, 2015; PNC, 2019) and several laws relatewvater, energy,
waste management, urban green spaces, local fimaocal governance, etc. However, their operationplementation at the
local scale remains constrained by the currentosgicBpproaches. They have not been incorporatedany territorial

strategic frame.

2.2.Planning by UrS in the light of Algerian sustainabé development policy

We find UrS strategy to be of particular interestAlgeria. Its implementation at the local urbamlecprovides, indeed, a
strategic framework for intersectoral coordinataiie to respond to the country's strategic policiée® solutions it provides
have an obvious potential for preserving naturabueces and reducing waste. More specificallytliermanagement of solid
waste, that constitutes today one of the prevatbatlenges in achieving Algeria's sustainable dgwelkent goals. With the
increase in waste amounts (MEER, 2018), substaimi@stments were carried out in recent years,their management
remains far from being efficient (GIZ, 2019). Ta@awvaste recovery rates are just 7%, and disposahdfills and Technical
Landfill Centers TLCs are the main options for Harglthe bulk of the waste. Moreover, with the lawkefficient facilities
and processes, local communities still find trenoeisddifficulties in collecting, transporting, anetycling (GlZ, 2014). Only
46% are treated in TLCs or controlled landfills,9%4re dumped in raw landfills, when 41% of the gapon remains
underserved by treatment facilities (AND, 2017)g&nizing waste sorting and citizens' awarenessi@ienger addressed in

this context (GlZ, 2014).

However, central authorities show a desire to piénee groundwork for a new recovery-based waste mamagt model
(MEER, 2019). In this case, setting up the UrStegw for solid waste valorization in Algeria couddntribute to attempt the
main environmental goals. Urban planning has aifségmt role in implementing such a strategy at liheal urban scale. Its

regulation tools enable reserving suitable areasifioan activities and organizing space such thgsigal proximity remains



possible (Lorrain et al., 2018). It is also the ambplanning that enables programming the energglystmon, waste

management, sharing facilities, and organizing arge networks between urban activities.

3. Conceptual framework of the study case identificabn and analysis

To define the system to be studied, this articlesuthe case of a local urban territory in Algidrg,applying a systemic
approach. This territory is considered as a compldsan ecosystemThe systemic approach is the conceptual framework
allowing its knowledge in its global context, unstanding its functioning, and determining its pu®dLe Moigne, 1994;
Durand, 2017).

3.1. Systemic modeling

The systemic approach takes shape witideling From a theoretical point of view, according taefRtti, 2004; Desthieux,
2005), an urban system can be determined bytgiboundaries,the border that ensures its separation from it®rou
environment and enables the input and output flmgsing (in our case it corresponds to the adnnatise limits of the inter-
municipal territory EH-OS in Algiers); (ii}s internal structural complex organizatimonstituted of subsystems composed of
physical elements and interrelationships' netwo(k; its functional organizationa set of functional links between the
different elements structuring the system, whicin && linear or circular and carry various kindsimbut and output
flows. The cumulative interaction determines theegal system functioning: circular links involveettback that can be
positive (when the effect reduces the cause, onviihe effect amplifies the cause allowing the syséxolves towards a new
state), or negative (when the combination of pesitind negative effects is regulatory and leads aquilibrium point); (iv)
its evolution:a system is a dynamic element that evolves anptsda its environment; (M}s purpose or objective®wards
which the system dynamics tends (Le Moigne, 199%5tBieux, 2005; Durand, 2017). Thus, the applicatibthe theoretical

systemic model, defined and illustratedfigure 2], refers to the definition of our urban study sgstelements, represented

in [Figure 4 ].
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Figure 2: Systemic modeling theoretical elements (Adapted from Repetti, 2004; Desthieux, 2005)

3.2. Algiers’s EH-OS local territory: background informa tion

The study urban ecosystem perimeter covers antimteicipal territory that occupies two municipaiiEH&OS, belonging

to El Harrach administrative district (daffa)Algiers East[Figure 3.a]. With an area of around 17.95 km?, a resident
population reaching 85 472 inhabitants in 2015, asignificant productive activity in Algiers Wilay boosting its economic
vocation at the metropolitan and national scalesréBowska-Azzag et al., 2018)Joreover, its location close to the Algiers
major public amenities gives it a metropolitan amernational openness and visibiliyigure 3.b]. Four urban subsystems

(housing, activities, open & green areas, and fteahninfrastructure) organize itsnternal perimeter[figure 4.a],



interconnected by roads and networks that convpytiand output metabolic flow3able 3 points out the components and
elements to consider for each urban subsystemnimein Figure 4.b] shows the spatial-functional organization of thelg

system components.

Furthermore, the developmesvolution planned for Algiers by 2035 under the Algiers MasPlan "PDAU" strategic
guidelines, places the study area as one of Algneegor centergFigure 4.c]. A dynamic competitiveness hub intended to
accommodate major amenities projects, includingiekdg central train station, the new internatiorat,fand the nearby
Olympic complex, located near the major universigmplexes neighbors of the perimet&ue to these exceptional
characteristics, the study area provides suitableditions for symbiotic proximity search. At thensa time, however, a
targeted study performed in 2014 at the VUDD latmyaidentified it as very faulty in the UM plangrand management
field (Chaker, 201§)due to a linear metabolism, inducing natural resesirover-consumption and large quantities of waste
production, as well as a high dependence on fassdil Moreover the spatial-functional transformationdanned in the future

by the PDAU are likely to increase the pressuréocal resources, worsening thus the territory wabdity to CC. That calls

for urgent attention to climate resilience issuekcal urban planning and management.

Under these conditions, the systemigposeis to induce a resilient local development in ggense and C@emissions.
Therefore, it should comply with the national oltjee of reducing C@emissions by 7%, using the Algiers's Master Pkana a
reference framework for its evolution by 2035 (ain@e boundary). In this setting, our study is actal step in the whole
evolution process. It allows planning the necessaban transformations and estimate the short-tgaims for an immediate
application. Therefore, sustaining the desirednogtitrajectory in the long term will depend on atimicators related to the
system's evolution (e.g., economic growth, demdgraparbon balance, political choices) (Toubinlgt2012). The diagram
in [figure 4.c.2] explains how a planned LC-UrS action could evehjuzdange the CO2 emissions trajectory over thelavho
urban system's life cycle. The UrS application Im@s the energy recovery of waste within its logdban perimeter. The
waste flow considered in this study relate to tHgan solid waste collected in the two municipadittd EH & OS Such wastes
relate to Household and Similar Wastes (HSW) thptasent the largest share of solid waste in Adg&0%), 85% of which
mainly from the housing subsystem (SDGDI 1, 201RDA 2014; Ouamane, 2017; MEER, 2018vhere the collection and

transport are covered by conventional waste vehigfecks) using the already saturated road network



Murcla

- s 2 2
ol 5 g B
_mwo«m p TR
§ -4 Tiaret_ojeita ““":o..s.,,..‘,.@.k,...uw

\

‘Oued Smar

85k

. 3386linhal

N

bLtam - o W

P

EH-OS natural and
administrative boundaries

e E| Harrach Oued

D El Harrach district municipalities
:I Algiers Wilayat perimeter
Oueds

Dam
Mitidja plain and alviale valleys

Atlas piedmont

11D

Atlas Mountains

[a]
EH-OS perimeter and nearby
major public amenities
Algiers Great Mosque
Algiers International Fair
Bab-Ezzouar University
Bab-Ezzouar Business Center
Algiers Airport

New Barraki stadium

4 =8\ g

Barraki treatment plant

El Harrach Oued

D EH-OS local territory perimeter

(b]

Figure 3: Location and boundaries of the EH-OS perimeter: [a] Natural and administrative boundaries in Algiers context; [b] Spatial-functional
boundaries (Sources: MATE, 2005; PDAU, 2016; Basemap: Open street map)




Subsystems

Components

Elements

links' networks

1. Housing

1.1. Dwellings

Individual, semi-collective, collective;

Nearby basic socio-cultural amenities:

1.2. Public supporting amenities - Shops and services;

Education, worship, culture, media, health, seguanitd leisure;

Nearby public areas (gardens, squares).

2. Activities

2.1. Major amenities*

Major amenities for the activities :

Training and research: research and higher academic institutions, prifeaktraining
institutions, laboratories;

Culture, worship, information and communication: cultural, religious, communication
and exchange amenities;

Protection: health, security and justice amenities

Tourism and leisure: tourist and sports amenities;

Transport: airports, stations, urban stations, relay parking;

Management and administration:administrative offices, institutions, office buitdjs.

2.2. Heavy and light industry

Any kinds of industy: agri-food, paper, textiles, plastics, chemicalsmetals.

2.3. Agriculture **

Any kind of farming.

2.4. Transport

Individual transport;
Public transport ;
Logistics transport (supply and waste).

3. Open and green
areas

3.1. Green and blue areas **
3.2. Large public areas

Parks, forests, gardens, watercourses, rivers;

Open public areas, squares.

4. Technical
infrastructures

4.1. Infrastructures and
Technical facilities

Energy production and storage (cogeneration factithers);

Drinking water Storage (water tower, water tarpks;

Wastewater treatment (treatment plants, spreabinggcology);

Waste collecting, sorting and pre-treatment (ctitieccenters, sorting centers);
Waste transforming (incineration and methanizagiamts );

Funeral infrastructures (cemeteries);

Land (land reserves).

5. Roads
Tertiary roads;

- Secondary roads;
- Primary roads;

6. Various Networks:

- Transport networks;

- Information and communication networks;

- Drinking water distribution networks;

- Energy distribution networks (electric, thermal);

- Wastewater drainage networks.

* The amenities considered in this study relatdh&opublic sector as the private sector involvememiains limited despite the financial and fiscalasures taken to promote the emergence and deaidpfn
waste reduction and recovery activit{€dZ, 2014)

** |n this study, the gains in CQGemissions considered for the components of grneaces and agriculture relate solely to symbiotikdj without taking into account the benefits fridra CQ absorbed through
their ecosystem service of climate regulation.

Table 3: Definition of the components, elements, and networks of the Algiers's EH-OS local urban system
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Figure 4: Spatial-functional organization and transformation of the EH-OS Urban perimeter:

[a,b] Identification of the urban subsystems at the EH-OS perimeter according to the systemic model; [c]- Strategic guidelines for the
studied perimeter evolution: c.1. EH-OS center territory in Algiers "PDAU" urban centralities system (Sources: PDAU, 2016; Basemap:
Open street map).; c.2. Hypothetical diagram of a LC-UrS planned action influence on the evolution of the CO2 emissions (adapted from
Toubin et al., 2012; McDaniels et al., 2008)
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4. Exploring Algiers’s EH-OS local symbiotic system pdormance

Since the EH-OS urban system is identified, thehological approach proposes to explore its perémice in energy

optimization and C@emission reduction occurs in four staffeigure 1]:
(1) Collectingdata & elaborating thelatabaserequired for the analysis.

(2) Proposal of afunctional optimization model allowing identifying the elements and componentspotentially
promising urban subsystems in symbiotic exchangesprding to the spatial-functional evolutions pled under the
Algiers PDAU.

(3) Elaboration of the most likely optimizirgymbiotic scenariosfor the system organization. To analyze the stutieS’s
performances for those scenarios, we propogeaatitative assessment methoéble to estimate the gains in energy
use and C@emissions for each of them. The option that presithe best outcome is then selected, amdJrban

Symbiosis mapped plaris proposed for possible support by planning tools

(4) Checking the capacity to incorporate this analgsicome in the local urban planning, according toedhodological

framework outlined to serve as decision support for thelladaan programming and spatial-functional planriietds.

4.1. Data collection for the EH-OS local system

The primary data needed for the system analysisfivedly obtained from an investigation on the ugeskil energy and the
produced urban solid waste at the studied systdm.stlirvey aimed to estimate, on the one hand, @eqGantity resulting
from fossil energy use and, on the other handattadlable deposits of waste that can be recovesesbeondary resources.
The survey on energywas carried out using the data obtained from tlggefs Electricity and Gas Distribution Company
for the year 2016, and the Sonelgaz report on #i®mal energy balance (SONELGAZ, 2015). Its eletsealate to the
final consumption of fossil fuel (gas and electgirifrom the various urban sub-systems (Chaker1p@2d the related total
CO, emissionsThe survey on urban solid wastevas performed according to the data obtained fitrenNational Waste
Agency for 2016 and from various documents and ntep@&DGDI1, 2010; GIZ, 2014; AND, 2017). Its elert®relate to
urban waste' categories, quantities, and compotieatsan be valued as renewable energy or seqomhieria‘f (Chaker,
2021), and how they are collected, transportedtiaaded (AND, 2017).

Furthermore, bibliographic research, devoted to symbiotic exchange of different practical expecies and theoretical
models, was conducted to determine the possiblédisyim links related to waste flow recovefyable 4], as well as the

ratios and reference values needed for estimatim@mnergy optimization potential and £€missions reductiofTable 5].
4.1.1 Inventory of the input/output flows

Two input/output flows are of interest within therpneter of our symbiotic urban system: energy solitl waste, as well as
their "carbon effect." Regardingnergy, the principal sources used in the study area ataral gas and electricity,
distributed respectively at 68% and 32%, out ofoaerall quantity estimated at 845.6 GWh/year. Tdossumption is
responsible for the emission of 277.8 kiB@ar, 68% of which are generated by the housibgygiemFigure 5.adisplays
the energy use and G@missions by activity sector. Housing, serviceBale, and industry are showing to be the principal

energy use sectors.

For Urban solid waste the amount of HSW generated in the study areatisated at 36 kt/year, of which 85% is collected
for treatment. The waste is then transported agatdd outside of Algiers Wilaya, at the Corso TRC40 km from the EH-
OS territory center, with a rate of 91% of the eoled waste (AND, 2017), the rest is discarded riato dumps or burnt on-
site (GlZ, 2014). Only 7-9% of the collected waistgalued in the TLC (AND, 2014; 2017ljhe composition of urban waste

according to the AND data is determined kigure 5.b]. Organic waste is the category the most producetié system,
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followed by plastic, textiles, and paper/cardboditiis waste profile leads the way on the varioussgmlities of energy and

raw materials recovery and bodes well for the paspperformance of UrS implementation within tresritorial system.
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= Organic waste
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/
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(o]
Figure 5: The input/output flows at the EH-OS study system: [a] Energy use and CO, emissions rates per activity ; [b] Urban waste rates
per category (Chaker, 2021 after SDA, 2016; AND, 2016)

4.1.2 Potential metabolic links for a symbiotic systenkbt-OH

Several possibilities of symbiotic links have bedentified to recover the multiple waste flows int@ried above.
According to the literatur§Table 4], urban waste can be valorized as a secondary ialateat substitutes the virgin raw
material in many agricultural, industrial, constian activities. As a renewable energy source bythamwzation,
incineration, and industrial processes, the differecovery processes of solid waste could be irs#te EH-OS system, as

presented inHigure 6].

This preparatory stage helps us explore the EH@28Il Isymbiotic system's performance that would iregueforehand,

designing a model and an evaluation method.
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Category of waste

Components

Type of valorization

Valorizing activity

(Secondary material/Energy)

Saved consumption
resource

Scientific Source

Organic waste

Food waste: food unfit for consumption
(kitchens residues, food industry residues),”

Green waste (plants)

. . - Agricultural
- Animal food - Agriculture product SOFIES, 2011
Fertilizer - Agriculture - Chemical Suzuki et al, 2010;
9 products SOFIES, 2011
- Transformation industr Suzuki et al, 2010;
- Energy: electricity, bio-gas, heat, bio-fuel y - Fossil fuels SOFIES, 2011;

(methanization)

Massard, 2011

Wood waste: sawdust and natural wood

Material for brick production -

Brick industry

shavings

Flooring pedestrian paths -

Flooring industry

- Inert raw material

SOFIES, 2011

Paper waste

Newspapers, magazines, advertising prints,
Office papers,

Paper and cardboard packaging,

Other

Recycled paper -

Paper industry

- Wood, virgin fiber
pulp, water,
energy

H. Dong et al., 2014;
Van Berkel et al, 2009

Glass waste

Glass packaging,

Broken pieces of glass and mirrors, -
Other glasses

Recycled glass -

Glass industry

- Inert raw material

FEDEREC, 2017

Used plastics -

Insulating material -

Building materials industry

- Inert /or organic
material, energy

SOFIES, 2011

- Energy: Alternative fuel for cement kiln - Cement industry - Coal
Van Berkel et al., 2009
) Mixed plastic waste (plastic containers and” E:qiz%)rl]:ifynthetlc gas for the production of Ammonia industry - Energy (City Gas)
Plastic waste packaging)
. - - Transformation industry .
- Energy: Heat, electricity (incineration) - Fossil fuels ADEME, 2019
Bottles and flasks - Recycled plastic - Plastic industry ) Sr?;/\r/grgatenal, FEDEREC, 2017
- Recycled steel, .
Steel waste - Material for cement production - Steelindustry, : L. Dong et al,, 2016;
Metal scrap _ ‘p ' _ - Cement industry - Raw material, Notarnicola et al., 2016
- Rudimentary material for road construction energy
Aluminum waste - Substitute for cement production material - Cement industry L. Dong et al., 2016
- Collection, repair, and resale - Trade - Raw material SOFIES, 2011
Textile waste Used textiles - Secondary material for textile production - Textile industry energy
FEDEREC, 2017
- Energy: Heat, electricity - Transformation industry - Fossil fuels

Table 4: Potential recovery opportunities for the different categories of solid urban waste at the local scale (from the literature review)
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Figure 6: Solid waste recovery processes (according to Chaker, 2015)

4.2. Description of the local symbiotic system "EH-OS"

4.2.1 Conceptual model of the cyclical metabolism forghalied symbiotic system

In light of the inventoried data and the multiplespible symbiotic links identifiedin optimizing functional modshould be
designed for the study context with a set of caiclihks. That includes thé/aste-EnergyOutput-Input flows, in which the
different urban subsystems and their componenggdnt. It involves a functional reorganization ®allog to mobilize the
various systems’ elements ircgclical metabolic flows procesdle to handle both: (i) the produced waste floWection and
transformation; (ii) and in feedback, energy recgyand its redistribution to consuming activit{€sgure 7.4. In this sight,
the urban subsystems’ elements and componentsarediately at the nexus of symbiotic performanaedsgLorrain et al.,
2018). Their buildings, road infrastructures, aachhical networks are no longer seen as isolatdezits but adinks of a

chain inscribed in a larger urban or territorial esystem”(Ray, 2013).

This model supports to reduce the amount of wastdyzed by urban activities, to preserve the virgiw material needed to
sustain these activities, of course, but mainlyetmover energy from different proces$egyure 7.b]. It provides four modes
of Energy Recovery: (iproducing clean and renewable energy through methanizati@h iacineration processes; (ii)
reducing energy use by recycling energy-intensive matendigch avoid energy use and emissions from virgiatarals

mining and processing during many life cycle stad#$ recoveringwaste energy from industrial processes; (iv)Ifna

divertingwaste from landfills to local valorizing facilities/oids the transport and treatment impacts iradisireas.

In this way, the model presumes to create new rahkwenergy sources, which, if reintroduced in $lyetem, could
positively affect reducing the used fossil fuel andnsequently, the related €®missions. Checking its implementation
involves analyzing the system performances. The @geemise in this model is that any gained enemyldcreduce the
amount of fossil energy used in the metabolic syst@erating. Thus, it contributes to reducing carbmissions. However,
various combinations of symbiotic links are possitol the EH-OS territory that should first be idéed and then analyzed.

So, anassessment methots proposed below for estimating the symbiotikdiperformances in the studied urban system.
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Figure 7: A proposed functional model for optimizing the urban cyclical metabolism system: [a] Functional organization of the system elements

based on a cyclical metabolic flows process ; [b] Recovering energy process impact.

4.2.2 Simulation of the possible UrS scenarios

Using this model, we need to simulate the mostylikgtimizing symbiotic scenarios using scenarigsige's morphological
method. For achieving sthe Waste-Energy cyclical metabolic processroken down into five main dimensions according
to its modeled steps: (1) the waste flow producetthé system; (2) collection; (3) transport of eoted waste to transforming
plants; (4) transformation and recovery of ene(gy;distribution of the recovered energy to thelippt subsystems (users).
For each dimension, two to four variables are @efirSsome possible responses (hypothesis) are fatedulor each of them.
The scenarios are then developed by combiningstablkshed hypothesis for every variable. The molqdical space of the
possible scenarios simulation is presentedrigyre A.1, Appendix A]. The identified scenarios are displayeflHigures 10,
11, 13].

4.3. Symbiotic scenarios performances analysis method

Using Material Flow Analysis (MFA) and Life Cyclenalysis (LCA) methods, this stage aims to quantify optimized
energy and reduced G@missions in the study context, and then estinfaegainsThe findings of this analysis are

summarized irsection (4.4.1infra).
4.3.1 Optimized Energy and Reduced Carbon Emissions sugrario |

The quantitative evaluation is performed for eamdnsario by calculating botbptimizing indices. Optimized Energy (OpEn)
and Reduced CL{Emissions (ReEm). The OpEn Index refers to tmabsgtic links yield in reducing the Used fossil Ege
amount (Y En), by Recovering Energy from valorized wastgER), which implies a reduction in G@missions (ReEm).
Both key indices (OpE)&(ReEm) are determined from the synthetic indicatorsidatkd respectively iformulas (1) &(2):

OpEn; = U¢En; — Ry, En; Q)

ReEm; = GeEmygn); — AvEm(RwEn)j (2)
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Wherej: index number of a scenariosBs [GWh/year]: Used fossil Energy;.JBn [GWh/year] Recovered Energy from

valorized waste; GeEm y,gn); [KtCO.e/year]:Generated COEmissions from Used fossil Ener,gwam(RWEn)j [ktCO.e

/year] Avoided CQ Emissions by recovering Energy from valorized wdsgure 8 summarizes the calculation principle.

Optimized Energy (OpEn ;)

Substitution

Recovered Energy from
e— valorized waste
(Ry4En;)

Used fossil Energy
(U,En/)

Generated CO, Emissions from Avoided CO2 Emissions by
Used fossil energy Recovering Energy from waste
(GeEm ;(y £en) (AVEM ; (R wEn )

Reduction

Reduced CO2 Emissions (ReEm )

Figure 8: The principles of symbiotic optimizing scenarios assessment

The synthetic indicators calculation is based avious studies' result3able 5 below summarizes all the ratios used and

their corresponding data sources. We will detatehfter, the calculating method.
A. Used fossil Energy and related Emissions

Used fossil Energy LEn is the energy required to operate the symbioti@arsystem under a scenario j. It is calculatedgusi

three indicators:

(i) Direct consumed EnergyD..nEn [GWhiyear], is the amount of fossil energy (gad afectricity) consumed directly in
the local study system (for heating, cooling, dotmd®t water, lighting, industrial processes, oshe

(i) Indirect mobilized Energy ImqgEn [GWh/year], is the amount of fossil energy molaitizin collecting and transforming
process of the produced waste amount. It is detexainirom the three process stages: collectionspram, and treatment
(EN cotiectionjs ENtransportjs EN wreatmeng), @ccording to the selected treatment mode undeerarig (landfill, incineration,

methanization, recycling).

(i) Gray embodied Energy GemdEN [GWh/year], is the amount of energy embodied ie fitocesses of implementing
treatment facilities, required for a scenario jilh@ new treatment center, its extension, new ogts/and equipment,

others).
U: En can be calculated, for each scenario, fformulas (1.1)&(1.2), of which:
UfEn; = DeonsEnj + IopEnj + Gemp Enj (1.12)
UgEn; = (elecj + gas]-) + o * [(B1 * DaygC + By * Digip T * n/c) * Qw;

+ Y * Zw(r[}(m,w)]' * QW]) + ex Y * Zx QWX,j ] (12)

Where eleg [GWh/year]: the total annual amount of electrigignsumed in the study system; jgtgyear]: the total annual
amount of natural gas consumed in the study sys@a([t/year]: the annual amount of waste producechedtudy system;
o; : waste collection rate; : treatment rateQcoieciedW; [t/year] : the annual amount of collected wastg;Qw; [t/year] : the

annual amount of treated waste, according to ttegoay and treatment modgt [I/lkm]: fuel consumption per kilometer for
urban waste collection with stops;gC [km/t]. average Distance to collect one ton of waggefl/km]: fuel consumption per
kilometer for the transport of waste to treatmeeta; QT [km /trip]: the distance between collecting areatment location
for one transport trip of the collected waste antpaiis the number of trips per truck to dump and metart] is the transport
truck capacity in terms of weigh@,w; [KWh/t] : average energy use per ton of treated waste aogptdithe treatment
mode (m) and the waste category («wJKWh/t] : Energy rate needed for implementing avrieeatment facility per ton of
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treated waste; Quy[t/an] : the annual amount of waste treated byfaledity x. The detailed calculation formulas argen in

sectionB.1 in Appendix B.

It should be noted that energy use units would dreverted to [KWh]. Furthermore, Generated ;(nissions from Used

fossil EnergyGeEm y,gn); are determined, under each scenario j, uéngmsEn)j ,COZ(,mobEn)j , COZ(GembEn)j indicators,

corresponding respectively to Used Energy indicaffarmulas 1.1&1.2 ). They are calculated frofiormulas (2.1)&(2.2),

of which:
GeEm(UfEn)j = COZ(DcansEn)}' + COZ(ImabE")j + COZ(GembEn)j (21)
GeEm(UfEn)j =
elecj * EFelec + gasj * EF:qas + (Encollectionj + Entransport j) * EFtransport + Zw(QtreatedW(m)j *
EFtreatment (w,m)) + GembEnj * EFGemb En (2-2)

EF is the Emission Factor corresponding to the ftrat takes the used energy source. These fag@rsresented inffable

5] below, and the detailed calculation formulas avemgin sectiorB2- Appendix B.
B. Recovered Energy and related Avoided Emissions
Recovered Energy from valorized waRgEnR) is determined using the indicators:
(i) Avoided Energy for consumption (AVER), by diverting waste from landfills to local recoyendustries;

(i) Reduced Energy (MiEn), throughrecyclingenergy-intensive materials, refers to the Enegpduo produce virgin raw
material.

(iii) Produced Energy (PrEn), heat & electricity produced from organic waste ma@ization or organic, paper, and plastic

waste incineration.
(iv) Recovered Fatal Energy (FaEj), recovered heat from industrial processes of wealtarization.
(v) Lost Energy (LoEn;) in electricity or heat delivery networks, as les$n pipes, in substations, and others.
RwEn; can be calculated, for each scenario, fformulas (1.3)&(1.4), of which:
R,En; = Y(AvEn; + MiEn; + PrEn; + FaEn;) — LoEn, (1.3
RywEnj = ¢ * QureateaWj + Zw(tM * QrecycledWj) + [Xw(Pamw) * QereateaWj) + U * Xy (T * Qureateawj)] * (1 — 1) (1.4)

Where¢[KWh/t]: Energy use rate per one ton of landfilldste according to scenario®! [KWh/t]: Energy recovery rate

by recycling one ton of waste, of a category (w9,aasecondary material, it corresponds to the geeemergy use for
producing one ton of virgin raw material (M); £yceaW j[t/year] the waste amount, of a category (w), recycled esrsiary
material; b, wyj [KWh/t]: rate of renewable energy production pen tf waste treated according to the waste category
(w) and the treatment mode (M), [KWh/t]: Energy use rate per one ton of waste, ohtegory (w), recycled as a secondary
material;v (%): the average rate of waste heat to be recdvgré%): the average rate of loss in networkspfoiduced and

fatal energy). The detailed formulas are giverdntion B.3 in Appendix B.

Avoided CQ EmissionsAvEm g g,y; are determined, under each scenario j, using Ay j, AVCO; ieny, AVCO; (pren),
AVCO; (raen); indicators, referring respectively to Recoverecefgy indicatorsR,En ; (formulas 1.3&1.4). They are
calculated fronformulas (2.3)%(2.4), of which:

AVEM(R, gn)j = 2(AVCO,avEn)j + AVCO,Mikn)j + AVCO,(pren)j + AVCO,(ragn);) — AVCO,(10En); (2.3)

AVEm(RWEn)j = g% Qtreatedwj + Zw(sw * Qrecycledwj) + [Zw(a(m,w) * Qtreatedwj) + FaEnj * EFelec] * (1 - p) (2-4)
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Where¢ [ktCO,e/t]: CO, emission rate per one ton of landfilled waste atiog to scenario Op,, [ktCOe /t]: the average
rate of Avoided C@emissions per one ton of waste, of a cate@wjyrecycled as secondary materig)y, v [ktCO,e /t]: the
average rate of Avoided G@missions per one ton of waste, of a categayrecovered as renewable energy according to
the treatment moden); ER,.. Emission Factor related to electricity productfoom fossil sources for the recovered fatal
energy;p: rate of CQ emissions losses related to the energy lost iivetgl networks. The detailed formulas are given in

sectionB4-Appendix B.

Used fossil Energy Generated CQ Emissions from Used fossil Energy
Ut En,- GeEn"kU_f_ En)j
Form of energy Rate Value Unit Source Rate Value  Unit Source
Direct  consumed elec - - - EF ciec (Algeria) 0.548  kgCe@e/kWh [2];[4]
Energy (DconEN)) gas - - - EF gas 0.227 [2]
Indirect mobilized Bz 0.605 km (1]
Energy (ImotEn ;) DalC 11,4 km/t 1]
. EF 2.66 kg CQell 5
for waste collection P2 0.427 Ikm 2] fuel gCke (5]
and transport * c 25 t 2]
EF 1anafin
G tandfin 6.77 It EF fuel EF fandfin 18 kgCQe/ t
EF Methanization [2]
FGmethanizaIion 30.84 kWh /t EFgas EF methanization 7 kgCQE/ t
Indirect mobilized
; EF incineration
Energy (ImUbEn J) T incineration 79.30 kWh /t T lcheraion EF incineration 18 kgCQE/t
for waste EF &
treatment T
paperand - cardboard 2763.5 EF paper and cardboard recycling 467.6
recycling
T plastic recycling 1534 EF plastic recycling 187.6
kWh /t 3 kgCOse/ t 3
T metal recycling 3660 & EFmetaI recycling 916 9 OZ [ ]
T glass recycling 100 EF glass recycling 24'2
FGtextiIe recycling 6.5 EF glass recycling 717
Gray embodied 32.85 kwh/t  Calculated EFg, . En 18 kgCOe/t [2]

Energy (GemEnN }* 0.548 kgCOe/ kWh

Recovered Energy from valorized waste Avoided CO, Emissions by Recovering Energy
RwEN AVEM R.w. En)
Form of energy Rate Value (kWhtt) Source Ratios Valeur (kgCOelt) Source
Avoided Energy ¢ ImotENo/ QtreatedVo Calculated ¢ COy(1.mob.endQrreaedo  Calculated
™M paper and cardboard 11154 9 paper and cardboard 343-50
M plastic 15496.5 9 plastic 1449
Reducgd Energy M metal 6248 13] 9 metal 2211 [3]
(MIEn j) ™ glass 1716 O glass 594
™ textile 27241 O textile 5608
methanization, 170 kwh élec + 340 S methanization,
E)r(ganic waste) kWh therm [8] o(rganic waste) a4 [2]
b(incineration, 119 kWh éec + o (incineration, 11 elec part +
Produced Energy organic waste) 527 kWh therm organic waste) 147 therm part
(PI’EI"IJ') b(incineration, 340 kWh elec + [2] [S] (incineration, 66 elec part + [2]
paper waste) 1505,5 kWh therm paper waste) 946 therm part
Drincineration, 766 kWh elec + 3392 O (incineration, 29 elec part +
plastic waste) kWh therm plastic waste) 419.5 therm part
Retained value 12%
Recovered Fatal o
Energy (FaEnj) (between 0% and [6] - - -
24%)
Lost Energy Retained value 10%
(LOEn;) *+ (between 8% and [7] p 10% -
12%)

* Based on the ADEME data, we consider that thé doasumed for waste collectiofi1) is higher than its transpofi) due to the numerous collection
stops.

** Inventories related to Gray embodied Energy,&n , to its emissionsoz(,;embm)j, and the lifespan of building materials and preessare not available.
ADEME (2019) offers a value of 18 kg G&®/ per ton of waste to build treatment centersclvborresponds to an electricity use equivaler@®@5 KwWh
/ton of treated waste.

*** 11, the loss rate for a sufficiently dense aretywwell maintained network.
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Sources: [1] ADEME, 2014 ; [2] ADEME, 2019 ; [3] FEDERE@017 ; [4] IEA, 2013; [5] Ressources naturellen&itn, 2014; [6Panayiotou et al.,
2017; [7] MEFI, 2006 ; [8] Planéte Energie, 2014.

Table 5: Ratios and reference values for the optimizing potential calculation
4.3.2 Potential gains estimation

Gains are evaluated from both part@imbiotic Performance Indices(SPI), Emai; and CQ ganj, calculated, for each

scenario, compared to the basic “0” scenario, ffemulas (1.5), (2.5) of which:
Engain j = UgEng — OpEn; (1.5)
CO3 gain j = GeEm(ygn)o — ReEmy; (2.5)

Where Enyinj [GWh/year] Energy gain;CO, g [KICO.e /year]CO, emissions gain

The two indices are then estimated for each so@neoimpared to a reference value based on thenaht@G emissions
reduction target of 7%, using the Multi-Criteria tihed. Thus, they are interpreted on a scale frotm B divided into five
levels at equal interva[figure 9]. The maximum index value corresponds to the higémsre of the scale. The scoring is the
lower for the minim value. The scenario that offédre best result in energy and carbon gains (gl&B4) could then be
proposed for support by urban planning tools. Gi&fRl is considered a ratio between energy gaigscambon emission

gains. It is measured by aggregating the partédieas on a scale of 0 t0.10

Gains evaluation by scenario, according to the ptal SPI values (Engainj and CO5 gain j )

over low low average gainful optimal
Scores scale . 1 . 2 S 13 ) 4 . 5 ;
Partial SPI values : Amin value ; " Reference value ) max valug
Encanj (%) 0] no gain 7% of UEn max gai
COzcainj (%) 0| (senario 0) 7% of GEEmus. enyo (scenario |

Symbiotic Performance evaluation by scenario, accding to the global SPI (aggregated)
not performing underperforming  medium satisfactory performing
Global SPI Score sscale . 2 4 6 8 10

Figure 9: Evaluation method of Symbiotic Performance Index (SPI)

4.4. Application of the method and results

4.4.1 Systemic Analysis of the EH-OS territory symbistienarios

Based on the data recordedtables [3, 4 and figures [5,6], the analysis of th&Vaste-Energy cyclical modfigure 7]
allowed us to determine the key elements for En&eggovery in different forms. Like this, the poiahbf Recovered Energy
and avoided C@®emissions were both estimated, then the urbamiigractions needed to transform the system coeld b

identified. The following sections explain in déthie systemic analysis elements.
A. Symbiotic Scenarios for EH-OS system

Five symbiotic scenarios have been developed cadparan initial scenarig (no symbiotic activity), which represents the
current state of the system definedigures 4 andsection (4.1.1.)jsupra The operation of this scenario, based on linear
UM, involves the waste collection in multi-flow,ah their transport to the Corso TLC, for landfithis scenario determines
the starting point for a future UrS implementatidhe other scenarios combine the different hypetheslated to thé/aste-
Energy cyclical metabolic proces®r which we assume that all waste is treatedllpavith a collection and recovery rate of
100%. That involves building a waste collectionilfgcfor selective collection and pre-treatmenteltraveled distance to
collect waste is determined on the assumptiondhattruck should drive 11.4 km to collect one tbmirdan waste (ADEME,
19



2014). The four scenarios (1 to 4) are presentedignre 10, andFigure 11 illustrates the 5th one, which combines the

(1,3,4) scenarios.

20



Scenario 1 Scenario 2
(o=§ / Wast(e: N (o8 - Waste collection -1
19,6 kt/an s Center
l 29,16 kt/an
Oued Smar
methanization facility Incineration plant
of
'C FERAL
Housing - Fertilizer
Housin,
AT I 8 44.38 GWh/an
il 2,5 GWh/an
- it -
= | =~ 7 >
< Agriculture EDEVAL facility L
nursery
@ =
Urbain waste Produced Energy ( ﬁ Urbain waste Produced Energy
Electric + Thermal NPV ? multi-flow Electric + Thermal
Scenario 4 Scenario 3
s Ly T
= . - Py Soensese -
15,80kt/an Wast: “""ec""" fmmm——————— 601t/an Waste collection l
enter 1 s 7
Housing , L New textileindustry i Housing Center
au reasmoud)| ”
“ - \
Local Plastic Paper Incineration plant
Industries I S0 of
e 'C FERAL
New New
Metal fair station
D 1.33 GWh/an
Major public amenities
Secondary
Academic  Safety Recovered Material 005 van
Fatal Energy
Major public amenities . < 2,74GWh/an
Reduced

Energy

- Paper
Urbain "Plastie’s | Electric + Thermal  Reduced Energy
 Glass
Metal
waste :rnl.: Electric + Thermal Recovered Fatal Energy

Urbain waste
Miscellaneous waste Electric + Thermal

Scenarios description

Scenario 1 foresees extending the biogas recovery
facility of the Oued Smar former disposal to a
methanization facility. It involves a selective
collection of organic waste for energy (electric
and thermal) production. This energy will be, used
in the Housing subsystem for several uses
(heating, kitchen, lighting) with a recovery of 6 %
for the methanization facility operation.
Fermentation residues are also, used as a fertilizer
in agriculture, either in the EDEVAL facility
nursery for green space development or in the
INRA agricultural research institute and the INPV
plants' protection institute.

In scenario 2, the total amount of urban waste is
collected in multi-flow to be transferred, to
ECFERAL's incineration plant, with the recovery
of the produced energy (electric and thermal). 7%
of which would be used to fuel the incineration
facility. The major part would be intended for the
housing subsystem, replacing thus, 8% of the used
fossil energy.

Scenario 3 involves a selective collection of the
only non-recyclable miscellaneous quantities for
their energy-recovery incineration. 4% of which
would be used to power the incineration plant. The
major part would be for the nearby major public
amenities, including the new international fair and
the new international station.

Scenario 4 provides for the selective collection of
paper, plastic, textile, and metal waste, for
recycling in the selected local industries. This
scenario requires building a textile processing
industry. The fatal energy recovered from the
various recycling processes would be used to
replace fossil fuel in academic, health, and safety
public amenities.

Figure 10: Graphical presentation and description of the symbiotic scenarios (j1, j2, j3, j4)
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Figure 11: Graphical presentation of the symbiotic scenario (j5) as a combination of three other scenarios (j1, j3, j4)

B. Key functional elements for symbiotic links

The main functional elements identified to creatmisiotic exchanges at the study system, their #ietsy buildings,
and infrastructures are describedTable 6 below, and located by the map iiglire 14.a, section 4.4.2hereafter,

according to the results of the estimated carbamsga

System elements

Producers/ Users

Collectors

Description
The housing subsystemit constitutes both the largest share of producastev(85%) and consumed energy in
the system. Therefore, it is a significant sourteeaewable energy whose recovery could meet, turmgits
demand.

The various major public amenities(academics, health, safety, and the significaojepts of Algiers central
station and international fair planned for 203%) also potential elements in the symbiotic links.

A waste collection centelis proposed instead of the municipal pound to taler the collection, pre-treatment,
and waste transport to the transformer elementst A&lps improve the urban symbiotic system opamati

Transformers

Industrial activity is also a potential for valorizing these resoumethe EH-OS local system. Some industries
already developed recycling activities, such as BLFand ECFERAP. companies.Moreover, severasther
companies could probably be involved in transfogrine different recyclable waste categories (ptagtaper,
glass, metals) into secondary material. Howeveyaleng textile materials would imply implementiragtextile
industry in the study system.

The biogas recovery facility (from the Oued Smar former dump), a plant with emtraction capacity of
5000Nm3/h(Sweepnet, 2010which can recover biogas. However, its operationrban waste methanization
would involve expanding networks and installing resuipment.

Table 6: Description of the key elements of the EH-OS Urban Symbiosis
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Energy Production. In the EH-OS local context, operating the methatidn plant allows producing 10 GWh/year of energy,
thereby preventing 861 tons of gdor the available waste quantifgcenarios.j1&j5). Besides, with the contribution of
ECFERAL Company, two possibilities for waste incat@n are offered: (i) incinerating the whole piespaper, and organic
waste, which allows producing 44.38 GWh/year ofrgpend avoids 10,81kt GO for the available amoufgcenario 2) (ii)
incinerating only the non-recyclable miscellanewaste, which allows producing 1.33 GWh/year of ggeand avoids 324.2

t CO.e, for the available amou(cenarios j3&j5).

Energy Reduction. Recycling plastic, textile, paper, and metal wastehe selected EH-OS industries allows reducing
264.48 GWh /year of the energy used for virgin makgroduction. To this end, we estimate the failog transforming

potentials for the available waste quantifiesenario j4&j5):

0] Plastic waste for producing packaging in the MANRIc firm, for example, allows an energy reduttistimated at
94 GWhlyear. It avoids the emission of 8.8 ki€,

(i)  Textile waste in the textile industry for producitextile packaging, rags, carpets, others, allaxdiicing 123.7 GWh
/year and avoids 25.45 ktG&y;

(i)  Paper waste in the ELHILAL paper industry, for puothg recycled paper, allows reducing 39.13 GWdémaryand
avoids 1.2 ktCGely;

(iv) Metal waste in the ALFEL industry allows reducitg39 GWh/year and avoids 2.26 ktedy;

(v) Glass waste in the COLINCO industry, for glass piaibn, allows reducing 1.14GWh/year and avoids.339
tCO.ely.

Fatal Energy Recovery.An estimated Fatal Energy of 2.74 GWh/year couddrécovered from the secondary material
recycling in the various local industries, indightebove(scenario j4&j5). That allows avoiding the emission of 1.5 kt £0

for the collected waste amount.

Avoided Energy. Transforming waste locally helps to avoid the ggeused for transport and treatment beyond the EH-O

context. This Energy estimating depends on thedynesed under each scenari@bles 4, C.1, C.2]

The quantitative evaluation of the different scémallows us to determine the symbiotic perfornesnaf the systenkigure
12illustrates the optimized energy and reduced €Rissions potential under each scenario and iliates the gaing.able
7 presents the global SPI estimation of each sceagording to the comparative gains results. Thailed results are given

in Appendix C.

Among the proposed scenarios, the preliminary malgahical analysis simulation shows a preferentiahd towards scenario
5 [Figure 13], which offers the optimal result in energy andbcar gaingTable 7]. However, selecting one option depends
on multi-stakeholder consultation in a participgtarban planning process. That involves numeroussims relating to its
legal and regulatory feasibility, financial and daavailability, and the social, economic, and emwinental impact of urban

development solutions. We will sketch, below, sarhthese spatial-functional solutions.
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Figure 12: Gains quantification results under each scenario: [a] in Energy use, [b] in CO, emissions
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Figure 13: The morphological analysis simulation results
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i (0-5) Reference value (7%) Valeur de référence 7%
Valve (%) Score Value (%) Score SPI Score

jo 0% 0 nogain 0% 0 nogain 0 not performing

j1 1.55% 1 overlow 0.43% 1 overlow 2 underperforming

j2 5.19% 2 low 3.36% 2 low 4 medium

j3 0.56% 1 overlow 0.28% 1 overlow 2 underperforming

ja4 29.22% 5 optimal 12.9% 5 optimal 10 performing

j5 30.5% 5 optimal 13.27% 5 optimal 10 performing

Table 7: Results of gains evaluation and SPI estimation under each scenario

4.4.2 Spatial visualization of the estimated gains

This study's findings could be spatially interpcetey the proposal of a LC-UrS scheme for the urearitory development
strategy Figure 14.b]. Translating this scheme into an urban design ptaoraing to the optimal selected scenario implies

highlighting beforehand some constraints and requémts, which are discussed below.

~
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Figure 14: Proposal for a mapped LC-UrS local plan at the EH-OS local territory (Open street Basemap).

[a] Location of the Urban Symbiosis elements and components at the EH-OS local territory ; [b] Scheme of the LC-UrS under scenario j5

4.5. Discussion and local development policy implicatian

For the case-study system EH-OS, we have examinedSymbiotic ScenariofFigures 10, 11].The results show that

applying an UrS can significantly optimize energg @nd reduce G@missions.

Two features are common to all the studied systeigenarios: (i) fossil energy use is the main ¢butor to CQ emissions;
(i) waste diversion from burying at the Corso'stoward the local recovering helps to reduce famgport distances and

consequently avoids energy consumption and rel@@demissionsScenario j4findings show that waste recycling in local
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only to a low reductioriTables 7, C1, C2].FurthermoreScenarios (j1&j3) help to produce renewable energy (electric and
thermal) from waste valorization. Although theimédbution is low, compared t8cenario j4, they offer other advantages for
waste management. IncinerationSoenario j3is the most suitable solution for managing thecallaneous (no recyclable)
waste amount. The organic waste methanizatiorBéenario j1 generates a fertilizer for agriculture and greacs

development activities.

Compared to the basic scenario j0scenario j5gives an optimal total gain in Energy and {EMissions estimated at 259,34
GWhl/year and 37,02 ktG@&/year that represent 30,5% and 13.27% per yetireofurrent consumption and emissions . The
Recovered Energy is obtained from: (i) producing321GWh/year of clean Renewable Energy in methéioizaand
incineration processes; (ii) reducing 264.5 GWhryafaEnergy use by recycling secondary materiallo@al industries; (iii)
recovering 2.74 GWhlyear of waste energy from itriisrecycling processes;(iv) finally, divertingaste from the burial site
to the local recovering facilities avoids 6.1 GWddy for transport and treatment in distant ared® Avoided Carbon

Emissions from this whole cyclical process arenestéd at 42,06 ktC@/year.

Besides its symbiotic performance, the scenarior@sents also other advantages, related to pragemein-renewable natural
resources, saving land meant for landfills, redgidime costs of faraway waste transport, econoniitfgaess thanks to the
energy and raw material preservation, as well hgjeation in local industries. In this sight, theldings, infrastructures, and
networks, which are the links of the urban symisiasiain (Ray, 2013), are also a vehicle for intodag innovations by their
equipment in intelligent technical systems: aut@datollecting by robotic vehicles, automated heat lgghting management
systems, energy production, waste sorting (Lormtinal., 2018). The shift towards innovative colieet and sorting

technologies, such as the underground automatedusaaetwork or the drone special green corridomylct offer an

attractive alternative to traditional collectionimproving the living environment ( e.g., reducealffic problems and related

CGO, emissions, improved safety and hygienic levelsdli@mpakos et Benardos, 2013).

Therefore, this scenario involves several urbanmteg and urban design actions, including: (ieresg land to build a new
collection center for fostering a separate wastieciion; (i) extending the methanization and imeration facilities and the
necessary networks enabling to promote the devedapmf renewable energy production activities) (@irogramming new
activities (industrial, commercial, and craft aidtes) for the textile products recycling; (iv) plaing the urban developments
and equipment enabling the selective collectiorthi@ respect of the urban carrying capacity; (v)nplag the possible
decentralized separated network for energy managerfd) developing a local decentralized energynagement system;
etc. That calls for a feasibility and impact stsdifom an economic, environmental, social, techiniaad regulatory
perspective and risk evaluation. It is also neagsgaverify the long-term socio-economic cost-effeeness for inhabitants,

industries and municipalities.

Moreover, implementing such a strategy would remjbackground conditions. (i) Firstly, an environta¢policy that should
promote the development of symbiotic links by imgging into its priorities the looping of materiahd energy flows as a
principle for natural resource preservation, wastémagement, and climate change mitigation (Loreaial., 2018; Massard et
al., 20114). (ii) Secondly, a socio-economic polibgt should promote the waste recovery industy @mcourage creating
new recycling companies on the one hand and, orotier hand, should support the inhabitants in cedutheir energy
consumption and CQOemissions. Besides, waste sorting and green spatgenance require households' participation, khic
calls for awareness and education actions to fafglithe local population's mobilization in symhiatrban projects (Lorrain
et al., 2018; Massard et al., 2014). (iii) Thedh@ondition relates to local public authoritiesv&i their unique position as a
local administrative level, they have a triggerimoge in implementing UrS, particularly by integragi economic actors and
civil society, establishing inter-sectoral and rreunicipal collaboration in urban activity sectonsobilizing all human and
materials resources, and the innovative technadbdizols to promote efficient monitoring and evdioa of symbiotic

projects. (iv) Indeed, this could not be achievettheut the national government's support, whichusth@lay a significant role
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projects, and facilitate their supervision at theal level (Lorrain et al., 2018; Massard et &)1 24).

However, these conditions are not yet developdtérfield in Algeria, and our system has to faceesal constraints, like for
example: (i) socio-economic, with increasing dem#orchousing, amenities, and infrastructures, Hartheet in a context of
an economic crisis, lack of project financing reses, and scarce urban land; (ii) environmentaluging water stress, the
threat of energy crisis, exposure to natural disastand extreme climatic events (between floodsught, high winds, and
storms, food insecurity, etc.); (iii) legal and anjzational, with the inefficiency of public actiothe absence of appropriate
legislative and regulatory tools, the lack of spézed technical and human resources, and the ebsdra collective approach
(Berezowska-Azzag et al., 2015a; Berezowska-Az2845b). All of this hinders UrS strategy implemegtiin the Algiers

local context.

The encouraging aspect is that the Algiers Mastan PPDAU) strategic vision strives to materialiaenew policy for
transforming Algiers into an eco-metropolis. It nolwledges that interactive urban issues are complek cannot be
addressed using the same methods currently intys@poses so a strategic approach aimed to dinecAlgiers' local urban
development (PDAU, 2016). Adopting the LC-UrS &gy, as part of the Algiers PDAU, could suppo# three pillars of
this plan relating to Economic development, Teridtlocohesion and to the Environment protection anlancement, that
covers natural resources preservation, energedigsition, integrated waste management, urban @esividevelopment
including housing, trade, industrial, agricultursdcio-cultural, educational, of scientific andheclogical research, as well as

infrastructures and networks, through integratiageral specific structuring proje¢Egure 15.af.

Nevertheless, implementing these projects in thé&dgal model (pillar 5) as a strategic orientatitool lacks consistency in
the action levels hierarchy, by operating on anhad and autonomous manner and moving directly tmprdfrom the
strategic to the operational level. For this pug@asLC-UrS Local Plancould be integrated at an intermediate level fier t
inter-municipal scale considering, networking thigiérs future projects in a symbiotic developmeragpect(Figure 15.b).
As a coordinating filter, it would be able to organand develop the metabolic loops by planningéuiired urban activities

and infrastructures for the benefit of Energy ojtation and C@emissions reduction in the inter-sectorial way.

1 Economic 2 City opening to the 3 Temto."al 4 E"v'mn.meml 1 Economic 2 City opening to the 3 Territorial cohesion | 4 Environment |
Development| world| cohesion | Protection Development | world| Social cohesion| Protection and
Competitivene Internationalization Social cohesion| and C itis | jonalizati Housing Enhancement
ss| jobs Housing Enhancement jobs

Structuring projects Structuring projects 3 'Lo'w Cérbon Uri.)an % Intermediate level for

5 . Symbiosis Local Plan :

Territorial : LC-UrS LP : . ..

model . . ‘ “the inter-municipal scale
Structuring projects Structuring projects
5
Territorial
6 Governance ocel
6 Governance
[a] [b]

Figure 15: Possible incorporation of a LC-UrS Local Plan into the Algiers PDAU: [a] The six pillars of the Algiers PDAU strategic approach
(source: PDAU, 2016); [b] The LC-UrS Local Plan as an intermediate strategic level in the PDAU framework

Furthermore, the PDAU opens up to integrating nesthods and tools for programming, urban plannimban design, and
decision support. To this end, supporting the Un@tegy in the planning process would mean expipnvays for its

incorporation in Algeria's urban planning tools.
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5. Conclusion

IS/UrS present considerable optimizing potentiamdestrated in several I1S/UrS pioneering projectsfeRing to the
international scientific literature, this paper kxpd the UrS performances in Algiers local urbantext for the operational
urban planning needs, focused on,Gfnissions mitigationUsing a systemic approach, the study conducted gouthan
symbiosis planning proposals in one local urbartesyswith a high potential of urbaactivities, consideringhe Waste-Energy
cyclical metabolic proces®8y valorizing urban waste into renewable energy, we @egsymbiotic links between different urban
subsystems (housing neighborhoods, public amenitidastrial activities, and technical facilitief)en evaluated their performances

in optimizing Energy use and reduci@f, emissions. The results highlighted the symbiotichange potential of the local study

area and revealed an estimated optimal gain of%8GaBd 13.27% per year in Energy consumption @ emissions in this
intercommunal territory. Therefore, it stands dwdttlooping metabolic flows between various urbarviiets within the broadest
framework of urban projects provide effective salns beyond the IS scope limited to industrial paildzat brings interesting
answers for the Algerian urban managers to redugerid's GHG and achieve the climate resiliencectbje, if the main
Algerian metropolitan cities join the common urtsmbiotic national policy. Their potential to cdbtite to the global CC
mitigation effort seems proportional to their urbzapital in terms of housing, structural facilitiesd logistic networks, but
also to their capacity for managing the local pukdiction, searching various investment sources \aidrizing local

knowledge.

Broader implementation at the national level catlein help to reach the 7% target, and even moracéjghis optimizing
potential from UrS will be even more significantr fall countries, particularly with the increase umban waste. So,
implementing UrS should be encouraged in othee<idround the world, where housing neighborhoodbligpamenities,
industrial activities, and technical facilities e@&. Thus, we hope our study contributes a latht® international knowledge

share, particularly in developing countries.

However, we have seen that implementing such aegtyawould require background conditions. Thus, pinespect for
integrating the UrS into the local urban plannirmgagess first entails a comprehensive identificatidrthe local political
conditions, therefore defining the most appropriatplementation tools, then checking the long-tewonomic profitability

for households, companies, and locality. Theseessuill be developed in our next contribution.
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8. Appendices

Appendix A : Scenario design analysis method

Possible response hypothesis for each variabIeJ

[ Dimensions ] [ Variables ]
1.1. Category of waste (w)

1.2 Quantity of waste (Qw) by

e

1. Produced waste

category

(][]
HR

2.1. Type of collection (C)

2.2. Collection rate (a)

2. Collection of the
produced waste 2.3. Average distance (avg) for

Collecting (C) one tonne of

waste with Stops(Dy,C)

2.4. Useful infrastructure in the
collection process

~

nd tr
transport trip (DyT)
3. Transport to the ransport trip (DuT)

treatment areas 3.2. Transport truck capacity in
terms o f transport truck
weight (c)

4.1. Treatment mode (m)
4. the
collected waste
4.2. Treatment rate (y)

Output: Collection and transformation process

Cyclical Urban Metabolism

-]
]

4.4. Necessary Infrastructures for
waste treatment (x)

5.1 Input Components /

5. Symbiotic link: Subsystems
Applicant / user
sub-systems

-

5.2. Losses in the distributed
energy networks in the
system ()

Input : Recovery and distribution process

I Global scenarios

a0
a0
]

Figure A. 1: Morphological space of possible symbiotic scenarios according to a cyclical Urban Metabolism

| Energy gain (En ;) ?

| €02 emissions gain (CO, ¢, ;)
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From formulas (1.1)and(1.2)

DeonsEny = (elec]- + gas]-)

ImobEnj = Encollectionj + Entmnsportj + Entreatmentj
Encollectionj = Bl * DavgC * Qcollectedwj

Enfransportj = BZ * Dtrip T« n/C * Qcollectedwi
Entreatmentj = Zw(T’(m,w)j * Qtreatedwi)
Qcollectedwi = o ij

QtreateaWj = & *Vj * me,j

GembEnj = Ex oy Ry Xx wa,j

B.1]5

From formulas (2.1)and(2.2)

fCOZ(DmsEn)j = elec; * EF o + gas; * EF go;

COZ(ImObEn)j = (Encollection}' + Entransportj) * EFtransport + Zw(QtreatedW(m)j * EFtreatment (w,m))
CO2Gompin), = GempEM; * EFg,,, pn

From formulas (1.3) and (1.4)

AVEDy = €% QuopreqWj
MiEn; = X, (tM * Qo eyieaWy)
PrEn; = Yl b(m,w) * QreateaWs)
FaEnj = v * X,(Ty * QeqreaWy)
LoEnj = (PrEn]- + FaEnj) * U

From formulas (2.3) and (2.4)

( AVCOZ(AvEn)j =g Qtreatedwj
AVCOZ(MiEn)j = Zw(aw * Qrecycledwj)
AVCOZ(PrEn)j = ZW( a(m,W) * Qtreatedwj)
AVCOZ(FaEn)j = FaEnj * EFelec

AVCOZ(LOEn)j N (AVCO + AVCOZ(FaEn)j) *p

2 (PrEn)j
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Indicators Abbreviation Unit j[0] j1 2 i3 j4 i5

Used fossil Energy under scenarip(Us En;)

A.l Direct consumed Energy under scenarip (DconsEn j)
Electricity eleg GWhly 267425 267,425 267,425 267,425 267,425 267,425
Natural gas gas tlh(igoooo 497,132 497,132 497,132 497,132 497,132 497,132
gas GWhly 578,165 578,165 578,165 578,165 578,165 578,165
Total Direct consumed Energy DeondENj GWhly 845,59 845,59 84559 845,59 845,59 845,59
A2 Indirect mobilized Energy for waste treatment underscenarioj (ImobEn j)
Energy for Collection EN coliectionj m3ly 211,048 135,009 248,292 4,145 109,021 248,292
GWhly 2,267 1,450 2,667 0,045 1,171 2,667
Energy for Transport EN ransporg m3/y 41,81 - - - - -
GWhly 0,45 - - B } B
Energy for Treatment EN yeatmeng GWhly 2,02 0,60 2,85 0,05 22,85 23,50
Total Indirect mobilized Energy I mobEN GWhly 4,74 2,05 5,52 0,09 24,02 26,16
A3 Gray embodied Energy in the processes of implemeng treatment facilities, under scenarig (GemdEn)
Waste collection center X1 GWhly - 1,18 1,18 1,18 1,18 1,18
Methanization plant Xz GWhly - 0,64 - - - 0,64
Textile industry X3 GWhly - - - - 0,15 0,15
Heat networks Xa GWhly - - - - 0,52 0,52
Total Gray embodied Energy GembEN; GWhly - 1,83 1,18 1,18 1,85 2,49
Total Used fossil Energy U:En; GWh/an  850,3 849,5 852,3 846,99 8715 874,2
B. Recovered Energy from valorized waste under scenarj (R,En;)
B.1 ﬁg’gg‘fﬁpﬁgﬁrgy iz AVEn, GWhy - 3,33 6,13 0,10 2,69 6,13
B.2 Reduced Energy MiIEn; GWhly - - - - 264,48 264,48
B.3 Produced Energy PrEn GWhly - 9,98 44,38 1,33 - 11,32
B.4 Recovered Fatal Energy FaEn GWhly - - - - 2,74 2,74
B.5 Lost Energy LoEn GWhly - 1,00 4,44 0,13 0,27 1,41
Total Recovered Energy RWEN; GWhly - 12,32 46,07 1,30 269,64 283,26
Total Optimized Energy per scenario OpEn; GWhly 850,3 837,2 806,2 845,6 601,8 591,0
Total Energy Gains compared to GWhly - 13,18 44,10 4,77 248,5 259,3
Scenario 'j0" BN car) % 0% 155% 519% 056% 292% 30,5%
National objective % 7%
Reference
values Corresponding targeted gain GWhly 59,52
Corresponding targeted GWhly 790,807

Energy optimization

Table C. 1: Comparative quantification results of the optimized energy potential and associated gains for all scenarios
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Indicators Abbreviation unit J0 J1 12 13 14 15
A Generated CQ Emissions from Used fossil Energy, under scenarjdGEEmMy 1en);)
Al CO, Emissions from Direct consumed Energy, under scenia j (CO; (pconsen))
a. CO, from electricity CO; eleg; KICOely 14655 ,,. - 14655 146,55 14655 146,55
b. CO, from natural gas CO, gas; ktCOsely 131,24 131,24 131,24 131,24 131,24 131,24
Total CO, from Used fossil Energy GeEMw.ren KCO.ely 277,8 277,8 277,8 2778 2778 277,8
i
A.2  CO; Emissions from Indirect mobilized Energy, under senario j (CO, gmoben))
CO, from Collection CO; collection] ktCOsely 0,561 0,359 0,660 0,011 0,290 0,660
CO; from Transport CO; transpor ktCOely 0,11 - - - - -
CO; from Treatment CO; yeatmenj ktCOely 0,50 0,14 0,65 0,01 3,77 3,91
Total CO, from Indirect mobilized Energy COs (moben j ktCO.ely 1,17 0,50 1,31 0,02 4,06 4,58
A3 CO, Emissions from Gray embodied Energy, under scenasij (CO; embenj )
Total CO, from Gray embodied Energy CO; (GembEn) | ktCO2ely 1,00 065 0,65 1,01 1,37
Total CO, from Used fossil Energy GeEms gn)j ktCOoely 278,97 279,29 279,75 278,46 282,86 283,73
B. Avoided CO, Emissions by Recovering Energy from valorized wast(AVEM g w. gn)j)
B.1 Avoided CO; from Avoided Energy  AVCO,aven) kiCOely 0,83 1,52 0,03 0,67 1,52
B.2 Avoided CO,from Reduced Energy  AVCO, (vign); kiCOely = = = 38,13 38,13
B.3 Avoided CO;from Produced Energy  AVCO, (pgn); kiCOely 0,86 1081 032 - 1,19
Avoided CO,from Recovered Fatal
B.4 EnBray) AVCO; (Faen) ktCOely - - - 1,50 1,50
B.5 Avoided CO;from Lost Energy AVCOy(Loen)j kiCOely 0.09 1,08 0,03 0,15 0,27
Total Avoided CO, Emissions AVEM Rw. enj KICOely 1,60 1125 45 40,14 42,06
lgé"’r‘l'ar'foeduced CIeh B esels o2y ReEm; KICO,ely 278,97 277,77 269,58 278,18 242,87 241,94
Total CO, Emissions gain compared to  CO5 gain | KICOzely - 119 939 0.79 36,10 87,02
SN % 0%  0,43% 3,36% 0,28% 12,94% 13,27%
National objective % 7%
Reference ;
Corresponding targeted ga ktCO e/ 19,53
values a g’y 2 it

Corresponding targeted

CO, reduction kiCO.ely 259,439

Table C. 2: Comparative quantification results of the CO2 emission reduction potential and associated gains for each scenario
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9. Inues

1767 referencing document.

% Algiers has 57 municipalities grouped into13 adstimitive districts (Dairas). El Harrach daira casgs four municipalities,
including El Harrach (Daira capital), Oued SmargcBgjerrah, and Bourouba. However, in the meaningpatial-functional

management and urban planning, the inter-munidijpatganization is not defined under the Algeriagi$lation.

®The diagnosis conducted as part of this studyeeltd the 57 municipalities of Algiers, it aimedassess the balance of UM
through identifying, on the one hand, both, the thaagive municipalities, in terms of local urbanvdpment and those
characterized by a linear UM, in terms of naturedaurces consumption and the generated pollutiietk to waste
emissions. On the other hand, it identifies the meezstablished for optimization. Based on an imtebench-marking method
(comparison with the average values of all Algiensinicipalities), the assessment was divided into cOi&ria, 16
measurement parameters, and 30 indicators, for efdhgiers’ 57 municipalities. The results demoattd the urban
metabolism imbalance in Algiers and highlighted BiE-OS's local intercommunal territory's metabgioblems. With high
energy consumption, the production of large quigstibf waste, and the pollution of Oued El Harrdim urban and
industrial wastes, as well as the failure in UMnpleng and management.

* Since then, this data has not been updated byotieeened institutions, pending an upcoming geresrahomic census and the

2020 national population and housing census, wélictuld include environmental information in thetistecal questionnaire.

® “ALFEL” Algerian Foundry Company, whose production bagsednetal scrap transformation, “ALFEL” receives andlts

about 4,000 tons of ferrous metals per year foinistfed product manufacturing of about 3,200 tofihe scrap received
comes from various sources. It should be noted Ahd&tEL is not a waste treatment company and isdetlared in this
activity (SDDI, 2010). “ECFERAL,” a Boiler makingnd Tinsmithing Company specialized in metal boilats
manufacturing. It also developed other activitiashsas incineration and the manufacturing of simaiiherators. Those are
particularly suitable for expired medicines and twafom infectious-risk medical care activities. CEERAL” has an
incineration plant that treats about 1.5 tons afte/goer day (SDGDI, 2010).

® Pillar 1 covers, a.o., projects relating to theelegment of industrial and commercial activitiesaas! as the energy network;

Pillar 3 covers residential projects, transportasefructures, socio-cultural and leisure projePifiar 5 covers, a.o., projects
relating to the preservation and enhancement afralaheritage (forests, natural and urban partters), the development of
urban agricultural parks, as well as the wastetrirtent projects (collection, sorting, recycling, mbsal) and wastewater
recovery and treatment ones.
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Highlights

UrS could be useful to realize global strategimeliic goals at the local scale

It offers more opportunities to loop flows betweamious activities than IS

Algiers’ local case study proves its efficiencyr¢éaluce energy use & CO2 emissions
UrS should be incorporated into Algerian urban piag and energy management tools

Setting up an UrS would require an evolution oflteal urban development policy
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