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Abstract 

Algeria's interest in the global warming issue and its commitment to reduce its GHG emissions by 2030 requires research for 

operational solutions to support this effort. That entails establishing new urban planning tools, especially at the local urban 

scale. At the root of harmful Climate Change, cities must exploit their full potential to set up mitigation strategies.   

The interest of Industrial Symbioses in optimizing the industrial metabolism led us to explore such a potential for the 

operational urban planning needs focused on reducing CO2 emissions. This article aims to study a Low Carbon Urban 

Symbiosis (LC-UrS) performance at Algiers local scale. Based on a systemic approach, the study defines, firstly, the concerned 

urban system. Secondly, it explores its perimeter's symbiotic potential to build a database allowing develop the possible 

symbiotic scenarios and quantify their performance in energy optimization and CO2 emissions reduction. The gains are then 

estimated for each scenario. An urban design strategy for the considered optimal scenario is proposed under an action plan for 

LC-UrS. 

The results bring interesting answers for energy optimization and CO2 emissions reduction, with estimated rates of 30.5% and 

13.27% per year, in Algerian’s capital city case. This optimizing potential will be even more significant for other cities in the 

world, particularly with the increase in urban waste. However, implementing such a strategy would require background conditions.    

Keywords: 

CO2 Emissions Reduction; Local Urban Planning;  Symbiotic Urban System; Low Carbon Urban Symbiosis; Circular Urban 

Metabolism; Waste- Energy metabolic flows. 
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Abbreviations list             11066 Words 

CC 

EH-OS 

Climate Change 

El Harrach-Oued Smar  

 

PDAU 

 

Master Plan for urban planning and urban design 

HSW Household and Similar Waste SNAT National Territory Planning Scheme 

IE Industrial Ecology TLC Technical Landfill Center 

IS Industrial Symbiosis UM Urban Metabolism 

LC-UrS Low Carbon Urban Symbiosis UrS Urban Symbiosis 

 Introduction 1.

Since the 2000s, global warming speeding up worries the international community. With the increase in global average 

temperature and the accumulation of Greenhouse gases GHG in the air, the Climate Change (CC) impact turns out to be 

increasingly irreversible on our environment, our economies, and our security. That requires a coordinated action to meet the 

challenges of socioeconomic, environmental, and territorial resilience. Algeria is not safe at CC. It is even among the most 

vulnerable countries to climate disturbance effects. To contribute to the worldwide effort, Algeria has committed to reducing 

its GHG emissions by 7% by 2030, compared to the current state (INDC, 2015). Realizing such national commitment requires 

the new tools enabling its implementation at the local scale. As cities are at the core of CC, they are the main contributors and 

the most vulnerable subjects. Simultaneously, they yet give all potentialities for implementing mitigation strategies.  

The main challenge is to reduce CO2 emissions, the major gas for 76 % of total GHG emissions from fossil fuel combustion 

(IPCC, 2014).  For Algerian cities, CO2 emissions from fossil resources make up 99.91% of the energy for urban activities, 

mainly for  Housing (36%), transport (41%), and industrial activities (16%) (APRUE, 2017). Their reduction should occur with 

six sectors' contributions: energy, industry, transport, agriculture and forests, construction, and the environment (INDC, 2015; 

Berezowska-Azzag et al., 2016). For the first two sectors, the literature review shows that research has often focused on 

Industrial symbiosis (IS) strategy performances. Though, Urban Symbiosis (UrS), an extended concept of IS, covers 

possibilities for looping metabolic flows within the broadest framework of a city. However, UrS has not yet proven itself in 

operational applications (Lorrain, Halpern, and Chevauché, 2018). Unlike IS, which searches to share the flows between 

industrial compatible processes, UrS searches to reuse both urban and industrial waste (from housing, industrial activities, 

urban public amenities, and green spaces), as a secondary raw material or energy sources for various urban activities: 

industrial, agricultural, residential, transport (Erkman, 2004; Van Berkel et al., 2009a; Vernay, 2013; Lufkin et al., 2016; 

Mulder, 2016), through integrated waste management. Such a strategy of functional diversity has the potential for optimizing 

energy use and reducing consequent emissions. It could also create a complementary relationship between various urban 

activities "by taking advantage of proximity" (Chertow, 2000). In other words, UrS has not just the potential to redefine urban 

activities programming and organizing on a local territory. It could likewise add to change urban planning and urban design 

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

So, it seems significant to test the performances of a Low Carbon Urban Symbiosis (LC-UrS) in a particular case. The 

Algerian context appears interesting insofar as, its urban planning tools are looking for a radical overhaul since 2011 (MHUV, 

2011) apparently without succeeding, nor incorporating climate issue. This study explores the symbiotic potential at the local 

scale in Algiers metropolis. We choose the case of El Harrach-Oued Smar (EH-OS), an inter-municipal territory, with a 

substantial urban and productive potential, including industrial activities, transport infrastructure, and major urban amenities. 

This local territory undergoes high metabolic flow circulation, high demand for energy, and under pressure on natural 

resources and the environment (Chaker, 2015). In this context, two questions interest us in particular: (i) Does the concerned 

case contain sufficient potential for integrating an UrS strategy, able to optimize local energy use, and thus, mitigate CO2 
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emissions?  (ii) If the results would prove encouraging, what would be the conditions for its integration into local urban 

planning tools? 

These questions generate two logical ways for analysis. On the one hand, a systemic approach helps us define the urban study 

system in its global environment: its boundaries, spatial-functional organization, and purpose. On the other hand, it is to study 

the mechanisms of its evolution toward the intended UrS and the operational actions it implies, to meet the urban planning and 

urban design needs. The proposed methodological development combines the theoretical concepts drawn from literature and 

the operational lessons obtained from the case study. It takes shape with a theoretical model that could be tested and discussed 

in similar situations (Desthieux, 2005; Thietart et al., 2014) [Figure1].  Firstly, the article presents the theoretical framework of 

the UrS concept and outlines its interest in implementing sustainable development policy in Algeria, to describe the global 

context. Then, it identifies the studied urban system and presents its local context. The methodological section presents the 

database and describes the methods for modeling a LC-UrS and quantifying the potential of energy optimization and CO2 

emissions reduction for the different symbiotic scenarios. The results, discussed in the following sections, enable identifying 

the optimal scenario and outline the conditions and constraints of its implementation. Finally, a conclusion prompts 

observations that answer the underlying inquiries and places them in the larger context.  

 
Figure 1:  Methodological approach, steps and results  

 Background 2.

 The concept of UrS as an extended concept of IS, literature review   2.1.

Considered a practical strategy to develop a sustainable city (Van Berkel, Fujita, Hashimoto & Geng, 2009b; Ohnishi, H. 

Dong, Geng, Fujii & Fujita, 2017), UrS was developed, in origin, in the field of Industrial Ecology (IE), as an extended 

concept of IS (Van Berkel et al., 2009b; H. Dong et al., 2014; L. Dong et al., 2016; Ohnishi et al., 2017).  

IS was qualified as a relationship that describes the local exchange of resources between different companies (Chertow, 2000, 

2007; Lifset & Graedel, 2002; Chertow and Lombardi, 2005; Jacobsen, 2006; Hashimoto et al., 2010; L. Dong et al., 2016). 

The most cited definition in literature is given by Chertow (2000) 1, who explains the process as “Industrial symbiosis engages 

traditionally separate entities in a collective approach to competitive advantage involving physical exchanges of materials, 

energy, water, and by-products. The keys to industrial symbiosis are collaboration and the synergistic possibilities offered by 

geographic proximity.” (Chertow, 2000, 2007; Kurup, 2005; Jacobsen, 2006; Van Berkel et al., 2009a; H. Dong et al., 2014; 

Ohnishi et al.,2017). Thus, IS has been categorized as a concept of collective resource optimization (Jacobsen, 2006), 

principally concerned with cyclical flows through networks of businesses (Chertow & Lombardi, 2005). With the development 
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of IE, IS becomes a sub-field of IE (Chertow & Park, 2016). It was diffused throughout significant parts of the world as a 

practice able to reduce the ecological impact of industrial processes (Boons, Chertow, Park, Spekkink, and Shi, 2017) and 

ensure ecologically sustainable industrial activity (Chertow & Lombardi, 2005; Berkel et al., 2009a).  Since then, the concept 

of IS has evolved considerably, as much theoretically by the significant research effort in the scientific community, as well as 

in practice (Boons et al., 2016; Chertow & Park, 2016). Several countries have committed to conducting IS practice, as 

examples: the United Kingdom, South Korea, China, North America (Massard et al., 2014; L. Dong et al., 2016). But it was in 

Japan, with the Japanese Eco-city program launched in 1997, that the concept of Urban Symbiosis UrS emerged.  

This program has expanded the IS initiatives' scope, limited to specific sites, to promote industrial-urban interactions on a 

larger scale, that of "the city" (Van Berkel et al., 2009b; Geng, Tsuyoshi & Chen, 2010). Thus, the concept of UrS was defined 

by Van Berkel and al. (2009b) as "the use of by-products (waste) from cities (or urban areas) as alternative raw materials or 

sources of energy in industrial activities" (Van Berkel et al., 2009b; Geng et al., 2010; Chen, Fujita, Ohnishi, Fujii & Geng, 

2012; H. Dong et al., 2014; L. Dong et al., 2016; Ohnishi et al., 2017). Likewise, the concept of UrS was introduced in the 

Netherlands as an innovation to create circular urban systems and a more efficient metabolism of cities (Vernay, 2013; Vernay 

& Mulder, 2016). It was defined as a strategy for optimizing the urban metabolic system by using the proximity of various 

infrastructures for symbiotic effects, thereby reducing resource consumption and emissions (Mulder, 2016; Mulder, 2017). 

This approach refers to initiatives aimed at closing material and energy flows within a given urban area (Vernay et Mulder,  

2016).  It focuses on urban infrastructures in implementing UrS, considering the city as an infrastructural node and an 

important innovation scale (Mulder, 2016; Mulder, 2017). In Switzerland, Ray (2013) proposes the concept of the "symbiotic 

city" to the urban planning field by transposing the IE principles. His approach emphasizes the economic and socio-cultural 

benefits of a Cyclical Urban Metabolism. Ray (2013) defines the symbiotic city as an optimization strategy that seeks to 

promote a "syntropic" urban system, i.e., an ecosystem that allows the encouragement of the economic and socio-cultural 

development of cities and urban areas, but whose almost cyclical metabolism makes the best use of imported resources and 

minimizes waste rejection (Rey, 2013; Lufkin, Erkman, & Rey, 2016). Similarly, the concept of  "Symbiotic 

neighborhood" was proposed to develop new planning principles and new energy strategies on a smaller spatial scale. This 

concept helps examine the aspects of urban and architectural development, local autonomy in terms of energy and resources at 

the neighborhood scale, by integrating issues related to buildings, infrastructure, mobility, goods, and services (Lufkin et al., 

2016). 

In short, the two concepts IS/UrS are a metaphor that takes up the idea of food chains “symbiosis” in natural ecosystems, 

where the consumption of energy and materials is optimized, and the waste of one serves as a resource for another (Frosh and 

Galopolus, 1998; Chertow, 2000; Erkman, 2004; SOFIES, 2011). An industrial/urban ecosystem is, therefore, the space in 

which an IS/UrS can occur by introducing compelling ties back to natural systems (Chertow & Park, 2016), where geographic 

proximity, functional diversity, looping flows, and network exchanges are the main implementing principals. Nevertheless, 

some differences between IS and UrS emerge from the literature review on three key issues : (i) the scale of the system, given 

that geographic proximity is a well-recognized element for implementing UrS/IS (Chertow & Park, 2016), the local urban scale 

is a one that is both large enough to offer possibilities for material exchange between actors and small enough, to allow 

communication and collaboration (Sterr and Ott, 2004; Chertow & Park, 2016); (ii) the objective and scope of the symbiosis, 

IS scope covers the only industrial dimension (Barle, 2010) compared to the UrS that can optimize the resources consumption 

into the broadest scale of the city (Vernay et Mulder,  2016);  (iii) the functional diversity, by closing the urban metabolic 

flows, UrS, enables to take advantage not only of the proximity of co-located industries but also of exchanges between various 

industrial and urban spaces including household, commercial, municipal, industrial activities and urban infrastructures (Van 

Berkel et al., 2009b; Mulder, 2016). To summarize, the differences between IS and UrS are compared in Table 1. 

 IS UrS 

1. Scale Industrial park City 
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2. Objective & Scope Optimizing the Industrial Metabolism 

of Industrial Systems 

Optimizing the Urban Metabolism of 

Urban Systems 

3. Functional diversity Include industrial activities Include all urban activities 

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

Indeed, considerable environmental benefits have been demonstrated in several IS/UrS pioneering projects, for example, the 

Kalundborg Symbiosis in Denmark (Chertow & Lombardi, 2005; Jacobsen, 2006), Eco-city projects in Japan (Van Berkel et 

al., 2009a; H. Dong et al., 2014), the Hammarby model in Sweden (Suzuki et al., 2010). Several studies have demonstrated the 

IS /UrS performance in reducing energy use and CO2 emissions, as well as on industrial parks scale as on a city scale (L. Dong 

et al., 2016). Referring to recent scientific contributions (cited in the column of sources), Table 2 below presents the gains in 

energy use and CO2 emissions from some of the most documented international experiments. 

Symbiosis Gains in Energy use Reduced CO2 
emissions  

Source 

[1] Kalundborg IS - Denmark 30 000 tons of fossil fuels/year 130 000 tons CO2/year Ehrenfeld & Chertow, 2002 

[2] Kawasaki UrS –Japan  - 4,26 Mt CO2e/ year H. Dong et al., 2014 

[3] Ulsan IS/IS/IS/IS/UrS  – Korea      136 333,4 toe/ year 486 665,1 tons CO2/ year Kim et al., 2018 

[4] Guiyang IS/IS/IS/IS/UrS  –China  18864 tce/an 49046 tons CO2/year Fang et al., 2017 

[5] Taranto IS -Italy 170 82 toe/ year 1660,90 tons CO2e / year Notarnicola et al., 2016 

Table 2: UrS/ IS Performances in energy optimization and CO2 emissions reduction 

However, up to date IS/UrS have not yet been integrated into Algeria's urban planning process. That despite the strategic 

policies introduced by the Algerian central authorities for the country's sustainable development in the fields of national 

territory development management, natural resources preserving and climate change mitigation as documented in various 

strategic planning tools (PNAE-DD, 2002; SNAT, 2010; INDC, 2015; PNC, 2019) and several laws related to water, energy, 

waste management, urban green spaces, local finances, local governance, etc. However, their operational implementation at the 

local scale remains constrained by the current sectoral approaches. They have not been incorporated into any territorial 

strategic frame. 

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

We find UrS strategy to be of particular interest to Algeria. Its implementation at the local urban scale provides, indeed, a 

strategic framework for intersectoral coordination able to respond to the country's strategic policies. The solutions it provides 

have an obvious potential for preserving natural resources and reducing waste. More specifically, for the management of solid 

waste, that constitutes today one of the prevalent challenges in achieving Algeria's sustainable development goals. With the 

increase in waste amounts (MEER, 2018), substantial investments were carried out in recent years, but their management 

remains far from being efficient (GIZ, 2019). To date, waste recovery rates are just 7%, and disposal in landfills and Technical 

Landfill Centers TLCs are the main options for handling the bulk of the waste. Moreover, with the lack of efficient facilities 

and processes, local communities still find tremendous difficulties in collecting, transporting, and recycling (GIZ, 2014). Only 

46% are treated in TLCs or controlled landfills, 54% are dumped in raw landfills, when 41% of the population remains 

underserved by treatment facilities (AND, 2017). Organizing waste sorting and citizens' awareness are no longer addressed in 

this context (GIZ, 2014).  

However, central authorities show a desire to pave the groundwork for a new recovery-based waste management model 

(MEER, 2019). In this case, setting up the UrS strategy for solid waste valorization in Algeria could contribute to attempt the 

main environmental goals. Urban planning has a significant role in implementing such a strategy at the local urban scale. Its 

regulation tools enable reserving suitable areas for urban activities and organizing space such that physical proximity remains 
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possible (Lorrain et al., 2018). It is also the urban planning that enables programming the energy production, waste 

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

 Conceptual framework of the study case identification and analysis    3.

To define the system to be studied, this article uses the case of a local urban territory in Algiers, by applying a systemic 

approach. This territory is considered as a complex urban ecosystem. The systemic approach is the conceptual framework 

allowing its knowledge in its global context, understanding its functioning, and determining its purpose (Le Moigne, 1994; 

Durand, 2017).    

 Systemic modeling  3.1.

The systemic approach takes shape with modeling. From a theoretical point of view, according to (Repetti, 2004; Desthieux, 

2005), an urban system can be determined by (i) its boundaries, the border that ensures its separation from its outer 

environment and enables the input and output flow crossing (in our case it corresponds to the administrative limits of the inter-

municipal territory EH-OS in Algiers);  (ii) its internal structural complex organization constituted of subsystems composed of 

physical elements and interrelationships' networks; (iii) its functional organization: a set of functional links between the 

different elements structuring the system, which can be linear or circular and carry various kinds of input and output 

flows. The cumulative interaction determines the general system functioning: circular links involve feedback that can be 

positive (when the effect reduces the cause, or when the effect amplifies the cause allowing the system evolves towards a new 

state), or negative (when the combination of positive and negative effects is regulatory and leads at an equilibrium point); (iv) 

its evolution: a system is a dynamic element that evolves and adapts to its environment; (v) its purpose or objectives towards 

which the system dynamics tends (Le Moigne, 1994; Desthieux, 2005; Durand, 2017). Thus, the application of the theoretical 

systemic model, defined and illustrated in [Figure 2], refers to the definition of our urban study system elements, represented 

in [Figure 4 ]. 

 

Figure 2:  Systemic modeling theoretical elements (Adapted from Repetti, 2004; Desthieux, 2005) 

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

The study urban ecosystem perimeter covers an inter-municipal territory that occupies two municipalities, EH&OS, belonging 

to El Harrach administrative district (daïra)2, Algiers East [Figure 3.a]. With an area of around 17.95 km², a resident 

population reaching 85 472 inhabitants in 2015, and a significant productive activity in Algiers Wilaya, boosting its economic 

vocation at the metropolitan and national scales (Berezowska-Azzag et al., 2015). Moreover, its location close to the Algiers 

major public amenities gives it a metropolitan and international openness and visibility [Figure 3.b].  Four urban subsystems 

(housing, activities, open & green areas, and technical infrastructure) organize its internal perimeter [figure 4.a], 
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interconnected by roads and networks that convey input and output metabolic flows. Table 3 points out the components and 

elements to consider for each urban subsystem. The map in [Figure 4.b] shows the spatial-functional organization of the study 

system components. 

Furthermore, the development evolution planned for Algiers by 2035 under the Algiers Master Plan "PDAU" strategic 

guidelines, places the study area as one of Algiers' major centers [Figure 4.c]. A dynamic competitiveness hub intended to 

accommodate major amenities projects, including Algiers central train station, the new international fair, and the nearby 

Olympic complex, located near the major university complexes neighbors of the perimeter. Due to these exceptional 

characteristics, the study area provides suitable conditions for symbiotic proximity search. At the same time, however, a 

targeted study performed in 2014 at the VUDD laboratory identified it as very faulty in the UM planning and management 

field (Chaker, 2015)3 due to a linear metabolism, inducing natural resources over-consumption and large quantities of waste 

production, as well as a high dependence on fossil fuel. Moreover, the spatial-functional transformations planned in the future 

by the PDAU are likely to increase the pressure on local resources, worsening thus the territory vulnerability to CC. That calls 

for urgent attention to climate resilience issues in local urban planning and management.  

Under these conditions, the system's purpose is to induce a resilient local development in energy use and CO2 emissions. 

Therefore, it should comply with the national objective of reducing CO2 emissions by 7%, using the Algiers's Master Plan as a 

reference framework for its evolution by 2035 (as a time boundary). In this setting, our study is a crucial step in the whole 

evolution process. It allows planning the necessary urban transformations and estimate the short-term gains for an immediate 

application. Therefore, sustaining the desired optimal trajectory in the long term will depend on other indicators related to the 

system's evolution (e.g., economic growth, demography, carbon balance, political choices) (Toubin et al., 2012). The diagram 

in [figure 4.c.2] explains how a planned LC-UrS action could eventually change the CO2 emissions trajectory over the whole 

urban system's life cycle. The UrS application involves the energy recovery of waste within its local urban perimeter. The 

waste flow considered in this study relate to the urban solid waste collected in the two municipalities of EH & OS. Such wastes 

relate to Household and Similar Wastes (HSW) that represent the largest share of solid waste in Algeria (50%), 85% of which 

mainly from the housing subsystem (SDGDI 1, 2012; AND, 2014; Ouamane, 2017; MEER, 2018 ), where the collection and 

transport are covered by conventional waste vehicles (trucks) using the already saturated road network.    
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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) 

El Harrach   
9,42 km²  
51 611 inhabitants  

Oued Smar 
8,15 km² 

33 861inhabitants 
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Subsystems Components Elements links' networks 

 

1. Housing 

1.1. Dwellings - Individual, semi-collective, collective;  

 

 

 

 

 

 

 

 

 

 

 

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. 

 

1.2.  Public supporting amenities 
*  

 

Nearby basic socio-cultural amenities: 

- Shops and services; 

- Education, worship, culture, media, health, security and 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, professional training 
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 buildings. 

2.2.  Heavy and light industry  Any kinds of industry: agri-food, paper, textiles, plastics, chemicals, metals.  

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 facility, others); 

- Drinking water Storage (water tower, water tarp, tanks); 

- Wastewater treatment (treatment plants, spreading, bio-ecology); 

- Waste collecting, sorting and pre-treatment (collecting centers, sorting centers); 

- Waste transforming (incineration and methanization plants ); 

- Funeral infrastructures (cemeteries); 

- Land (land reserves). 

* The amenities considered in this study relate to the public sector as the private sector involvement remains limited despite the financial and fiscal measures taken to promote the emergence and development of 
waste reduction and recovery activities (GIZ, 2014).  

** In this study, the gains in CO2 emissions considered for the components of green spaces and agriculture relate solely to symbiotic links, without taking into account the benefits from the CO2 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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 Exploring Algiers’s EH-OS local symbiotic system performance   4.

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

optimization and CO2 emission reduction occurs in four stages [Figure 1]: 

(1) Collecting data & elaborating the database required for the analysis. 

(2)  Proposal of a functional optimization model allowing identifying the elements and components of potentially 

promising urban subsystems in symbiotic exchanges, according to the spatial-functional evolutions planned under the 

Algiers PDAU. 

(3) Elaboration of the most likely optimizing symbiotic scenarios for the system organization. To analyze the studied UrS’s 

performances for those scenarios, we propose a quantitative assessment method able to estimate the gains in energy 

use and CO2 emissions for each of them. The option that provides the best outcome is then selected, and an Urban 

Symbiosis mapped plan is proposed for possible support by planning tools. 

(4) Checking the capacity to incorporate this analysis outcome in the local urban planning, according to a methodological 

framework  outlined to serve as decision support for the local urban programming and spatial-functional planning fields. 

 Data collection for the EH-OS local system  4.1.

The primary data needed for the system analysis was firstly obtained from an investigation on the used fossil energy and the 

produced urban solid waste at the studied system. The survey aimed to estimate, on the one hand, the CO2 quantity resulting 

from fossil energy use and, on the other hand, the available deposits of waste that can be recovered as secondary resources. 

The survey on energy was carried out using the data obtained from the Algiers Electricity and Gas Distribution Company 

for the year 2016, and the Sonelgaz report on the national energy balance (SONELGAZ, 2015). Its elements relate to the 

final consumption of fossil fuel (gas and electricity) from the various urban sub-systems (Chaker, 2021) and the related total 

CO2 emissions. The survey on urban solid waste was performed according to the data obtained from the National Waste 

Agency for 2016 and from various documents and reports (SDGDI1, 2010; GIZ, 2014; AND, 2017). Its elements relate to 

urban waste' categories, quantities, and components that can be valued as renewable energy or secondary material4 (Chaker, 

2021), and how they are collected, transported and treated (AND, 2017).  

Furthermore, bibliographic research, devoted to the symbiotic exchange of different practical experiences and theoretical 

models, was conducted to determine the possible symbiotic links related to waste flow recovery [Table 4], as well as the 

ratios and reference values needed for estimating the energy optimization potential and CO2 emissions reduction [Table 5].  

  Inventory of the input/output flows  4.1.1

Two input/output flows are of interest within the perimeter of our symbiotic urban system: energy and solid waste, as well as 

their "carbon effect." Regarding Energy, the principal sources used in the study area are natural gas and electricity, 

distributed respectively at 68% and 32%, out of an overall quantity estimated at 845.6 GWh/year. This consumption is 

responsible for the emission of 277.8 ktCO2/year, 68% of which are generated by the housing subsystem. Figure 5.a displays 

the energy use and CO2 emissions by activity sector. Housing, services & trade, and industry are showing to be the principal 

energy use sectors.  

For Urban solid waste, the amount of HSW generated in the study area is estimated at 36 kt/year, of which 85% is collected 

for treatment. The waste is then transported and treated outside of Algiers Wilaya, at the Corso TLC, at 40 km from the EH-

OS territory center, with a rate of 91% of the collected waste (AND, 2017), the rest is discarded into raw dumps or burnt on-

site (GIZ, 2014). Only 7-9% of the collected waste is valued in the TLC (AND, 2014; 2017). The composition of urban waste 

according to the AND data is determined in [Figure 5.b]. Organic waste is the category the most produced in the system, 
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followed by plastic, textiles, and paper/cardboard. This waste profile leads the way on the various possibilities of energy and 

raw materials recovery and bodes well for the positive performance of UrS implementation within this territorial system.  

[a] 

[b] 

Figure 5: The input/output flows at the EH-OS study system: [a] Energy use and CO2 emissions rates per activity ;  [b] Urban waste rates 

per category (Chaker, 2021 after SDA, 2016; AND, 2016) 

 Potential metabolic links for a symbiotic system at EH-OH   4.1.2

Several possibilities of symbiotic links have been identified to recover the multiple waste flows inventoried above. 

According to the literature [Table 4], urban waste can be valorized as a secondary material that substitutes the virgin raw 

material in many agricultural, industrial, construction activities. As a renewable energy source by methanization, 

incineration, and industrial processes, the different recovery processes of solid waste could be used in the EH-OS system, as 

presented in [Figure 6]. 

This preparatory stage helps us explore the EH-OS local symbiotic system's performance that would require, beforehand, 

designing a model and an evaluation method. 

Dwelling

[POURC

ENTAGE

]

Services 

& trade 

[POURC

ENTAGE

]

Socio-

cultural 

amenitie

s

[POURC

ENTAGE

]

Industry

[POURC

ENTAGE

]

Agricult

ure

3%

Infrastru

ctures

4%

Distributing rate of electricity use in 

the EH-OS local territory 

Dwelling

[POURC

ENTAGE

]

Services 

& trade

[POURC

ENTAGE

]

Socio-

cultural 

ameniti

es

[POURC

ENTAGE

]

Industry

[POURC

ENTAGE

]

Auther

[POURC

ENTAGE

]

Distributing rate of natural gas use 

in the EH-OS local territory

Dwelling

[POURC

ENTAGE

]

Services 

& trade

[POURC

ENTAGE

]

Socio-

cultural 

amenitie

s

[POURC

ENTAGE

]

Industry

[POURC

ENTAGE

]

Agricult

ure

1%

Infrastru

ctures

1%

Distributing rate of the overall 

energy use (gas and electricity) in 

the EH-OS local territory

54.4%

16.9%

12.6%

9.8%

2.8%
1.8% 1.7%

Organic waste

Plastic waste

Textile waste

Paper waste

Metal scrap

Glass waste

Miscellaneous waste

Jo
urn

al 
Pre-

pro
of



 

13 

 

Category of waste Components 
  Type of  valorization 

 (Secondary material/Energy) 
Valorizing activity 

Saved consumption 
resource Scientific Source 

 

 

 

 

Organic waste 

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

- Green waste (plants) 

- Animal food - Agriculture 
- Agricultural 

product 
SOFIES, 2011 

- Fertilizer - Agriculture 
- Chemical 

products 
Suzuki et al, 2010;  
SOFIES, 2011 

- Energy: electricity, bio-gas, heat, bio-fuel 
- Transformation industry 

(methanization) 
- Fossil fuels 

Suzuki et al, 2010;  
SOFIES, 2011;        
Massard, 2011 

- Wood waste: sawdust and natural wood 
shavings 

- Material for brick production - Brick industry  

- Inert raw material 
SOFIES, 2011 

- Flooring pedestrian paths - Flooring industry 

 

 

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 

 

 

 

 

Plastic waste 

- Used plastics - Insulating material - Building materials industry - Inert /or organic 
material, energy 

SOFIES, 2011 

- Mixed plastic waste (plastic containers and 
packaging) 

- Energy: Alternative fuel for cement kiln - Cement industry - Coal 
Van Berkel et al., 2009 

 - Energy: Synthetic gas for the production of 
ammonia 

- Ammonia industry - Energy (City Gas) 

- Energy: Heat, electricity 
- Transformation industry 

(incineration) 
- Fossil fuels ADEME, 2019 

- Bottles and flasks - Recycled plastic - Plastic industry 
- Raw material, 

energy 
FEDEREC, 2017 

 

Metal scrap - Steel waste 

- Recycled steel, 

- Material for cement production,  

- Rudimentary material for road construction 

- Steel industry, 

- Cement industry - Raw material, 
energy 

L. Dong et al., 2016; 
Notarnicola et al., 2016 

- Aluminum waste - Substitute for cement production material - Cement industry L. Dong et al., 2016 

 

Textile waste - Used textiles 

- Collection, repair, and resale - Trade - Raw material, 
energy 

SOFIES, 2011  

- Secondary material for textile production - Textile industry 
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) 

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

 Conceptual model of the cyclical metabolism for the studied symbiotic system   4.2.1

In light of the inventoried data and the multiple possible symbiotic links identified, an optimizing functional model should be 

designed for the study context with a set of circular links.  That includes the Waste-Energy Output-Input flows, in which the 

different urban subsystems and their components interact. It involves a functional reorganization allowing to mobilize the 

various systems’ elements in a cyclical metabolic flows process able to handle both: (i) the produced waste flow collection and 

transformation; (ii) and in feedback, energy recovery, and its redistribution to consuming activities [Figure 7.a]. In this sight, 

the urban subsystems’ elements and components are immediately at the nexus of symbiotic performance needs (Lorrain et al., 

2018). Their buildings, road infrastructures, and technical networks are no longer seen as isolated elements but as “links of a 

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

This model supports to reduce the amount of waste produced by urban activities, to preserve the virgin raw material needed to 

sustain these activities, of course, but mainly to recover energy from different processes [Figure 7.b]. It provides four modes 

of Energy Recovery: (i) producing clean and renewable energy through methanization and incineration processes; (ii) 

reducing energy use by recycling energy-intensive materials which avoid energy use and emissions from virgin materials 

mining and processing during many life cycle stages; (iii) recovering waste energy from industrial processes;  (iv) finally, 

diverting waste from landfills to local valorizing facilities avoids the transport and treatment impacts in distant areas. 

In this way, the model presumes to create new renewable energy sources, which, if reintroduced in the system, could 

positively affect reducing the used fossil fuel and, consequently, the related CO2 emissions. Checking its implementation 

involves analyzing the system performances. The core premise in this model is that any gained energy could reduce the 

amount of fossil energy used in the metabolic system operating. Thus, it contributes to reducing carbon emissions. However, 

various combinations of symbiotic links are possible in the EH-OS territory that should first be identified and then analyzed. 

So, an assessment method is proposed below for estimating the symbiotic links performances 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. 

 Simulation of the possible UrS scenarios  4.2.2

Using this model, we need to simulate the most likely optimizing symbiotic scenarios using scenario design's morphological 

method. For achieving so, the Waste-Energy cyclical metabolic process is broken down into five main dimensions according 

to its modeled steps: (1) the waste flow produced in the system; (2) collection; (3) transport of collected waste to transforming 

plants; (4) transformation and recovery of energy; (5) distribution of the recovered energy to the applicant subsystems (users). 

For each dimension, two to four variables are defined. Some possible responses (hypothesis) are formulated for each of them. 

The scenarios are then developed by combining the established hypothesis for every variable. The morphological space of the 

possible scenarios simulation is presented in [Figure A.1, Appendix A]. The identified scenarios are displayed in [Figures 10, 

11, 13]. 

 Symbiotic scenarios performances analysis method  4.3.

Using Material Flow Analysis (MFA) and Life Cycle Analysis (LCA) methods, this stage aims to quantify the optimized 

energy and reduced CO2 emissions in the study context, and then estimate the gains. The findings of this analysis are 

summarized in section (4.4.1 infra). 

 Optimized Energy and Reduced Carbon Emissions under scenario j   4.3.1

The quantitative evaluation is performed for each scenario by calculating both optimizing indices:  Optimized Energy (OpEn) 

and Reduced CO2 Emissions (ReEm). The  OpEn Index refers to the symbiotic links yield in reducing the Used fossil Energy 

amount (Uf En), by Recovering Energy from valorized waste (RwEn), which implies a reduction in CO2 emissions (ReEm). 

Both key indices (OpEnj)&(ReEmj) are determined from the synthetic indicators, indicated respectively in formulas (1) &(2): 

OpEn� 	� U	En� 
 R�En�                                                                (1) 

ReEm� 	� GeEm������� 
	AvEm�������                                         (2) 
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Where j:  index number of a scenario; UfEnj [GWh/year]: Used fossil Energy; RwEnj [GWh/year]: Recovered Energy from 

valorized waste;  �������� �! [ktCO2e/year]: Generated CO2 Emissions from Used fossil Energy; AvEm�������  [ktCO2e 

/year]:  Avoided CO2 Emissions by recovering Energy from valorized waste. Figure 8 summarizes the calculation principle. 

 
Figure 8: The principles of symbiotic optimizing scenarios assessment  

The synthetic indicators calculation is based on previous studies' results. Table 5 below summarizes all the ratios used and 

their corresponding data sources. We will detail, hereafter, the calculating method. 

A. Used fossil Energy and related Emissions  

Used fossil Energy Uf Enj is the energy required to operate the symbiotic urban system under a scenario j. It is calculated using 

three indicators: 

(i) Direct consumed Energy DconsEnj [GWh/year], is the amount of fossil energy (gas and electricity) consumed directly in 

the local study system (for heating, cooling, domestic hot water, lighting, industrial processes, others.). 

(ii)  Indirect mobilized Energy ImobEnj [GWh/year], is the amount of fossil energy mobilized in collecting and transforming 

process of the produced waste amount. It is determined from the three process stages: collection, transport, and treatment 

(En collection j, En transport j, En treatment j), according to the selected treatment mode under a scenario j (landfill, incineration, 

methanization, recycling). 

(iii)  Gray embodied Energy GembEnj [GWh/year], is the amount of energy embodied in the processes of implementing 

treatment facilities, required for a scenario j (build a new treatment center, its extension, new networks and equipment, 

others). 

Uf Enj can be calculated, for each scenario, from formulas (1.1)& (1.2), of which: 

U	En� � D#$�%En� & I($)En� & G*()En�                                                                        (1.1)                                                                          

U	En� � +elec� & gas�1 & α� ∗ 4+β6 ∗ D789C & β; ∗ D<=>?	T ∗ n c⁄ 1 ∗ Qw� 

																&	γ� ∗ ∑ �Ԏ�(,���� ∗ Qw�� &	ɛ ∗ γ� ∗ ∑ QwI,�I 	J                                               (1.2)   

Where  elecj  [GWh/year]: the total annual amount of electricity consumed in the study system; gasj [th/year]: the total annual 

amount of natural gas consumed in the study system; Qwj [t/year]: the annual amount of waste produced in the study system;  

αj : waste collection rate; γj : treatment rate; Qcollected wj  [t/year] : the annual amount of collected waste; Qtreated wj [t/year] : the 

annual amount of treated waste, according to the category and  treatment mode; β1 [l/km]: fuel consumption per kilometer for 

urban waste collection with stops; DavgC [km/t] : average Distance to collect one ton of waste; β2 [l/km]: fuel consumption per 

kilometer for the transport of waste to treatment areas; DtripT [km /trip]: the distance between collecting and treatment location 

for one transport trip of the collected waste amount; n is the number of trips per truck to dump and return; c [t]   is the transport 

truck capacity in terms of weight; Ԏ(m,w)j [KWh/t]  : average energy use per ton of treated waste according to the treatment 

mode (m) and the waste category (w); ɛ [KWh/t] : Energy rate needed for implementing a new treatment facility per ton of 
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treated waste; Qwx,j [t/an] : the annual amount of waste treated by the facility x. The detailed calculation formulas are given in 

section B.1 in Appendix B. 

It should be noted that energy use units would be converted to [KWh]. Furthermore, Generated CO2 Emissions from Used 

fossil Energy GeEm�������	are determined, under each scenario j,  using KL;�MNOPQRS�T 	, KL;�UVOWRS�T 	, KL;�XYVWRS�T indicators, 

corresponding respectively to Used Energy indicators (formulas 1.1&1.2 ). They are calculated from formulas (2.1)&(2.2), 

of which: 

GeEm������� �	KL;�MNOPQRS�T & KL;�UVOWRS�T & KL;�XYVWRS�T                                                                                (2.1) 

GeEm������� �
	Z[Z\] ∗ ^_̀ a`b & cde] ∗ ^_fgh & +^ibjaa`bkljS	] & ^ikmgShnjmk	]1 ∗ ^_kmgShnjmk &																								∑ �okm`gk`pq�r�]s ∗
^_km`gkr`Sk	�s,r�� & t`ru^i] ∗ ^_XYVW	RS	                                                (2.2)                                      

EF is the Emission Factor corresponding to the form that takes the used energy source. These factors are presented in [Table 

5] below, and the detailed calculation formulas are given in section B2- Appendix B. 

B. Recovered Energy and related Avoided Emissions 

Recovered Energy from valorized waste (RwEnj) is determined using the indicators: 

(i) Avoided Energy for consumption (AvEnj), by diverting waste from landfills to local recovery industries; 

(ii)  Reduced Energy (MiEnj), through recycling energy-intensive materials, refers to the Energy used to produce virgin raw 

material. 

(iii)  Produced Energy (PrEnj), heat & electricity produced from organic waste methanization or organic, paper, and plastic 

waste incineration. 

(iv) Recovered Fatal Energy (FaEnj), recovered heat from industrial processes of waste valorization. 

(v) Lost Energy (LoEnj) in electricity or heat delivery networks, as losses in pipes, in substations, and others. 

RwEn j  can be calculated, for each scenario, from formulas (1.3)& (1.4), of which: 

R�En� � ∑+AvEn� &MiEn� & PrEn� & FaEn�1 
 LoEn�	                                                                                                          (1.3) 

R�En� � ¢ ∗ Q<=*7<*~w� &	∑ �ɽM ∗� Q=*#�#�*~w�� & 4∑ �� ϸ�(,�� ∗ Q<=*7<*~w�� & 	ʋ ∗ ∑ �Ԏs ∗s 	Q<=*7<*~w��J ∗ �1 
 μ�      (1.4)                                           

Where ¢[KWh/t]: Energy use rate per one ton of landfilled waste according to scenario 0; ɽM	[KWh/t]: Energy recovery rate 

by recycling one ton of waste, of a category (w), as a secondary material, it corresponds to the average energy use for 

producing one ton of virgin raw material (M); Q recycled w j[t/year]: the waste amount, of a category (w), recycled as secondary 

material;          ϸ(m, w)j  [KWh/t]: rate of renewable energy production per ton of waste treated according to the waste category 

(w) and the treatment mode (m); Ԏw  [KWh/t]: Energy use rate per one ton of waste, of a category (w), recycled as a secondary 

material; ʋ (%): the average rate of waste heat to be recovered; µ (%): the average rate of loss in networks (of produced and 

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

Avoided CO2 Emissions AvEm������� are determined, under each scenario j, using AvCO2(AvEn) j, AvCO2 (MiEn)j, AvCO2 (PrEn)j, 

AvCO2 (FaEn) j indicators,  referring respectively to Recovered Energy indicators RwEn j  (formulas 1.3&1.4). They are 

calculated from formulas (2.3)& (2.4), of which: 

AvEm������� � ∑�AvCO;��8���� &	AvCO;��>���� & AvCO;��=���� & AvCO;��7����� 
 AvCO;��$����                            (2.3) 

AvEm������� � 	ɇ ∗ Q<=*7<*~w� & ∑ �ɘs ∗� Q=*#�#�*~w�� &	 4∑ �� Ә�(,�� ∗ Q<=*7<*~w�� & FaEn� ∗ ^_̀ a`bJ ∗ �1 
 ρ�     (2.4) 
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Where ɇ [ktCO2e/t]: CO2 emission rate per one ton of landfilled waste according to scenario 0;  ɘw  [ktCO2e /t]: the average 

rate of Avoided CO2 emissions per one ton of waste, of a category (w), recycled as secondary material; Ә(m, w)   [ktCO2e /t]: the 

average rate of Avoided CO2 emissions per one ton of waste, of a category (w), recovered as renewable energy according to 

the treatment mode (m); EFelec:  Emission Factor related to electricity production from fossil sources for the recovered fatal 

energy; ρ: rate of CO2 emissions losses related to the energy lost in delivery networks. The detailed formulas are given in 

section B4-Appendix B. 

Used fossil Energy  
Uf En j 

 Generated CO2 Emissions from Used fossil Energy  
GeEm (U.f . En) j  

Form of energy Rate Value Unit Source  Rate Value Unit Source 

Direct consumed 
Energy (DconsEn j) 

elec - - -  EF elec (Algeria) 0.548 kgCO2e / kWh [2] ; [4] 

gas - - - 
 

EF gas 0.227  [2] 

Indirect mobilized 
Energy (ImobEn j) 
for waste collection 
and  transport *  

β1 0.605 l/km [1]  

EF fuel 2.66 kg CO2e/l [5] 
DavgC      11,4 km/t [1]  

β2 0.427 l/km [2]  

c 25 t [2]  

Indirect mobilized 
Energy (ImobEn j) 
for waste 
treatment 

Ԏ landfill 6.77 l/t 

^_ 	landfill
^_	fuel  

 

 

EF landfill 18 kgCO2e/ t 

[2]  
Ԏ methanization 30.84 kWh /t 

^_	Methanization^_	gas
 

 

 

EF methanization 7 kgCO2e/ t 

Ԏ incineration 79.30 kWh /t 
^_	Incineration^_	gas

 
 

EF incineration 18 kgCO2e/ t 

Ԏ paper and cardboard 

recycling 
2763.5 

kWh /t [3] 

 
EF paper and cardboard recycling 467.6 

kgCO2e/ t [3] 
Ԏ plastic recycling 1534  EF plastic recycling 187.6 
Ԏ metal recycling 3660  EF metal recycling 916 
Ԏ glass recycling 100  EF glass recycling 24,2 
Ԏ textile recycling 6.5  EF glass recycling 7,7 

Gray embodied 
Energy (GembEn )**  

ɛ   32.85 kWh /t Calculated  
 ^_XYVW	RS   

18 
0.548 

kgCO2e/ t 
kgCO2e/ kWh 

[2] 

 
Recovered Energy from valorized waste  

RwEn j 
 Avoided CO2 Emissions by Recovering Energy  

AvEm (R.w. En) 

Form of energy Rate Value (kWh/t) Source  Ratios Valeur (kgCO2e/t) Source 

Avoided Energy ¢	 ImobEn0 / Qtreatedw0 Calculated  ɇ CO2(I.mob.En)0/Qtreatedw0 Calculated 

Reduced Energy 
(MiEn j) 

ɽM paper and cardboard 11154 

[3] 

 ɘ paper and cardboard 343.50 

[3] 

ɽM  plastic 15496.5  ɘ plastic 1449 
ɽM  metal 6248  ɘ metal 2211 

ɽM  glass 1716  ɘ glass 594 

ɽM  textile 27241  ɘ textile 5608 

Produced Energy 
(PrEn j) 

ϸ(methanization,            

organic waste) 

170 kWh élec + 340 
kWh therm 

[8] 
 Ә(methanization,            

   organic waste) 
44 [2] 

ϸ(incineration,            

   organic waste) 
119 kWh elec +         
527  kWh therm 

[2] 

 Ә (incineration,            

   organic waste) 
11 elec part  +         
147 therm part 

[2] 
ϸ(incineration,            

   paper waste) 
340 kWh elec + 
1505,5 kWh therm 

 Ә (incineration,            

   paper waste) 
66 elec part  +         
946 therm part 

ϸ(incineration,            

  plastic waste) 
766 kWh elec +  3392 
kWh therm 

 Ә (incineration,            

   plastic waste) 
29 elec  part +     
419.5 therm part 

Recovered Fatal 
Energy (FaEnj) 

ʋ 
Retained value 12% 
(between 0%  and  
24%)  

[6] 
 

- - - 

Lost Energy 
(LoEn j) *** 

µ 
Retained value 10% 
(between 8% and 
12%) 

[7] 
 
ρ 10% - 

 

* Based on the ADEME data, we consider that the fuel consumed for waste collection (β1) is higher than its transport (β2) due to the numerous collection 

stops. 

** Inventories related to Gray embodied Energy GembEn , to its emissions KL;�XYVWRS�T, and the lifespan of building materials and processes are not available. 

ADEME (2019) offers a value of 18 kg CO2e / per ton of waste to build treatment centers, which corresponds to an electricity use equivalent to 32.85 KWh 

/ton of treated waste. 

*** µ, the loss rate for a sufficiently dense and very well maintained network. 
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Sources:  [1] ADEME, 2014 ; [2] ADEME, 2019 ; [3] FEDEREC, 2017 ;  [4] IEA, 2013; [5] Ressources naturelles Canada, 2014; [6] Panayiotou et al., 

2017 ; [7]  MEFI, 2006 ; [8]  Planète Energie, 2014. 

Table 5: Ratios and reference values for the optimizing potential calculation   

 Potential gains estimation  4.3.2

Gains are evaluated from both partial Symbiotic Performance Indices (SPI),  EnGainj  and CO2 Gain j, calculated, for each 

scenario, compared to the basic “0” scenario, from formulas (1.5), (2.5) of which: 

^iXglS	] � U	En� 
	OpEn�                                                                (1.5) 

CO;	XglS	] � GeEm������� 
	ReEm�                                                   (2.5)           

Where En gain j [GWh/year]: Energy gain;  CO2 gain j  [ktCO2e /year]: CO2 emissions gain.  

The two indices are then estimated for each scenario, compared to a reference value based on the national CO2 emissions 

reduction target of 7%, using the Multi-Criteria method. Thus, they are interpreted on a scale from 0 to 5 divided into five 

levels at equal intervals [Figure 9]. The maximum index value corresponds to the highest score of the scale. The scoring is the 

lower for the minim value. The scenario that offers the best result in energy and carbon gains (global SPI) could then be 

proposed for support by urban planning tools. Global SPI is considered a ratio between energy gains and carbon emission 

gains. It is measured by aggregating the partial indexes on a scale of 0 to 10.  

 

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

 Application of the method and results   4.4.

 Systemic Analysis of the EH-OS territory symbiotic scenarios   4.4.1

Based on the data recorded in tables [3, 4] and figures [5,6], the analysis of the Waste-Energy cyclical model [figure 7] 

allowed us to determine the key elements for Energy Recovery in different forms. Like this, the potential of Recovered Energy 

and avoided CO2 emissions were both estimated, then the urban planning actions needed to transform the system could be 

identified. The following sections explain in detail the systemic analysis elements. 

A. Symbiotic Scenarios for EH-OS system   

Five symbiotic scenarios have been developed compared to an initial scenario j0 (no symbiotic activity), which represents the 

current state of the system defined in [Figures 4 and section (4.1.1.)] supra. The operation of this scenario, based on linear 

UM, involves the waste collection in multi-flow, then their transport to the Corso TLC, for landfill. This scenario determines 

the starting point for a future UrS implementation. The other scenarios combine the different hypotheses related to the Waste-

Energy cyclical metabolic process, for which we assume that all waste is treated locally with a collection and recovery rate of 

100%. That involves building a waste collection facility for selective collection and pre-treatment. The traveled distance to 

collect waste is determined on the assumption that one truck should drive 11.4 km to collect one ton of urban waste (ADEME, 

Gains evaluation by scenario,  according to  the partial SPI values (En Gain j and  CO2 Gain  j  )   

 over low  low  average gainful optimal 

 Scores scale                                   1 2 3 4 5 

Partial SPI values : min value  Reference value         max value 

En Gain j         (%)                                           0  no gain   7%  of Uf En                                                 max gain 

CO2 Gain  j    (%)                                            0 (senario 0)  7%  of GeEm (U.f . En) 0                                              (scenario j) 

    

Symbiotic Performance evaluation by scenario, according to the global SPI  (aggregated) 

 not performing underperforming  medium satisfactory performing  
 Global SPI Score sscale            0                            2 4  6 8 10 

      

Jo
urn

al 
Pre-

pro
of



 

20 

 

2014). The four scenarios (1 to 4) are presented in Figure 10, and Figure 11 illustrates the 5th one, which combines the 

(1,3,4) scenarios.  
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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 create symbiotic exchanges at the study system, their activities, buildings, 

and infrastructures are described in Table 6 below, and located by the map in [figure 14.a, section 4.4.2] hereafter, 

according to the results of the estimated carbon gains.  

System elements          Description 
 
Producers/ Users 

- The housing subsystem, it constitutes both the largest share of produced waste (85%) and consumed energy in 
the system. Therefore, it is a significant source of renewable energy whose recovery could meet, in return, its 
demand. 

- The various major public amenities (academics, health, safety, and the significant projects of Algiers central 
station and international fair planned for 2035) are also potential elements in the symbiotic links. 

 
Collectors 

- A waste collection center is proposed instead of the municipal pound to take over the collection, pre-treatment, 
and waste transport to the transformer elements. That helps improve the urban symbiotic system operation. 

 
Transformers 

- Industrial activity  is also a potential for valorizing these resources at the EH-OS local system. Some industries 
already developed recycling activities, such as ALFEL and ECFERAL5  companies.  Moreover, several other 
companies could probably be involved in transforming the different recyclable waste categories (plastic, paper, 
glass, metals) into secondary material. However, recycling textile materials would imply implementing a textile 
industry in the study system. 

 
- The biogas recovery facility (from the Oued Smar former dump), a plant with an extraction capacity of 

5000Nm³/h (Sweepnet, 2010), which can recover biogas. However, its operation in urban waste methanization 
would involve expanding networks and installing new equipment. 

Table 6:  Description of the key elements of the EH-OS Urban Symbiosis 

 

Jo
urn

al 
Pre-

pro
of



 

23 

 

C. Potential Energy recovery and estimated carbon gains  

Energy Production. In the EH-OS local context, operating the methanization plant allows producing 10 GWh/year of energy, 

thereby preventing 861 tons of CO2, for the available waste quantity (scenarios.j1&j5). Besides, with the contribution of 

ECFERAL Company, two possibilities for waste incineration are offered: (i) incinerating the whole plastic, paper, and organic 

waste, which allows producing 44.38 GWh/year of energy and avoids 10,81kt CO2e for the available amount (scenario 2); (ii) 

incinerating only the non-recyclable miscellaneous waste, which allows producing 1.33 GWh/year of energy and avoids 324.2 

t CO2e, for the available amount (Scenarios j3&j5). 

Energy Reduction. Recycling plastic, textile, paper, and metal waste in the selected  EH-OS  industries allows reducing 

264.48 GWh /year of the energy used for virgin material production. To this end, we estimate the following transforming 

potentials for the available waste quantities (scenario j4&j5):  

(i) Plastic waste for producing packaging in the MAM Plastic firm, for example,  allows an energy reduction estimated at 

94 GWh/year. It avoids the emission of 8.8 ktCO2e/y; 

(ii)  Textile waste in the textile industry for producing textile packaging, rags, carpets, others, allows reducing 123.7 GWh 

/year and avoids 25.45 ktCO2e/y; 

(iii)  Paper waste in the ELHILAL paper industry, for producing recycled paper, allows reducing  39.13 GWh /year and 

avoids 1.2 ktCO2e/y; 

(iv) Metal waste in the  ALFEL industry allows reducing  6.39 GWh/year and avoids 2.26 ktCO2e/y; 

(v) Glass waste in the COLINCO industry, for glass production, allows reducing 1.14GWh/year and avoids 339.23 

tCO2e/y. 

Fatal Energy Recovery. An estimated Fatal Energy of 2.74 GWh/year could be recovered from the secondary material 

recycling in the various local industries, indicated above (scenario j4&j5). That allows avoiding the emission of 1.5 kt CO2e 

for the collected waste amount. 

Avoided Energy. Transforming waste locally helps to avoid the energy used for transport and treatment beyond the EH-OS 

context. This Energy estimating depends on the Energy used under each scenario [Tables 4, C.1, C.2]. 

The quantitative evaluation of the different scenarios allows us to determine the symbiotic performances of the system. Figure 

12 illustrates the optimized energy and reduced CO2 emissions potential under each scenario and illuminates the gains. Table 

7 presents the global SPI estimation of each scenario according to the comparative gains results. The detailed results are given 

in Appendix C.  

Among the proposed scenarios, the preliminary morphological analysis simulation shows a preferential trend towards scenario 

5 [Figure 13], which offers the optimal result in energy and carbon gains [Table 7].  However, selecting one option depends 

on multi-stakeholder consultation in a participatory urban planning process. That involves numerous decisions relating to its 

legal and regulatory feasibility, financial and land availability, and the social, economic, and environmental impact of urban 

development solutions. We will sketch, below, some of these spatial-functional solutions. 
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OpEn j /ReEm j  reference values  |             En Gain j / CO2 Gain j  reference values                                                                                                             

Figure 12: Gains quantification results under each scenario: [a] in Energy use, [b] in CO2  emissions 

 

Figure 13: The morphological analysis simulation results  
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Scenarios 
j (0-5) 

Energy Gain 

 Reference value  ( 7%) 

CO2 Emissions Gain 

Valeur de référence 7% 

Symbiotique performance  

Value (%) Score Value (%) Score SPI Score 

j0 0% 0 no gain 0% 0 no gain 0 not performing 

j1 1.55% 1 over low 0.43% 1 over low 2 underperforming 

j2 5.19% 2 low 3.36% 2 low 4 medium 

j3 0.56% 1 over low 0.28% 1 over low 2 underperforming 

j4 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 

 Spatial visualization of the estimated gains  4.4.2

This study's findings could be spatially interpreted by the proposal of a LC-UrS scheme for the urban territory development 

strategy [Figure 14.b]. Translating this scheme into an urban design plan according to the optimal selected scenario implies 

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

 

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 

 Discussion and local development policy implications 4.5.

For the case-study system EH-OS, we have examined five Symbiotic Scenarios [Figures 10, 11]. The results show that 

applying an UrS can significantly optimize energy use and reduce CO2 emissions.  

Two features are common to all the studied system’s scenarios: (i) fossil energy use is the main contributor to CO2 emissions; 

(ii) waste diversion from burying at the Corso's TLC toward the local recovering helps to reduce far transport distances and 

consequently avoids energy consumption and related CO2 emissions. Scenario j4 findings show that waste recycling in local 
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industries is a successful contributor to reach the strategic targets, unlike Scenario j2, where the produced energy contributes 

only to a low reduction [Tables 7, C1, C2]. Furthermore, Scenarios (j1&j3) help to produce renewable energy (electric and 

thermal) from waste valorization. Although their contribution is low, compared to Scenario j4, they offer other advantages for 

waste management. Incineration in Scenario j3 is the most suitable solution for managing the miscellaneous (no recyclable) 

waste amount. The organic waste methanization in Scenario j1 generates a fertilizer for agriculture and green space 

development activities.  

Compared to the basic scenario j0,  scenario j5 gives an optimal total gain in Energy and CO2 Emissions estimated at 259,34 

GWh/year and 37,02 ktCO2e/year that represent 30,5% and 13.27% per year of the current consumption and emissions . The 

Recovered Energy is obtained from: (i) producing 11.32 GWh/year of clean Renewable Energy in methanization and 

incineration processes; (ii) reducing 264.5 GWh/year of Energy use by recycling secondary materials in local industries; (iii) 

recovering 2.74 GWh/year of waste energy from industrial recycling processes;(iv) finally, diverting waste from the burial site 

to the local recovering facilities avoids 6.1 GWh/year for transport and treatment in distant areas. The Avoided Carbon 

Emissions from this whole cyclical process are estimated at 42,06 ktCO2e/year. 

Besides its symbiotic performance, the scenario j5 presents also other advantages, related to preserving non-renewable natural 

resources, saving land meant for landfills, reducing the costs of faraway waste transport, economic gainfulness thanks to the 

energy and raw material preservation, as well as job creation in local industries.  In this sight, the buildings, infrastructures, and 

networks, which are the links of the urban symbiosis chain (Ray, 2013), are also a vehicle for introducing innovations by their 

equipment in intelligent technical systems: automated collecting by robotic vehicles, automated heat and lighting management 

systems, energy production, waste sorting (Lorrain et al., 2018). The shift towards innovative collection and sorting 

technologies, such as the underground automated vacuum network or the drone special green corridors, could offer an 

attractive alternative to traditional collection in improving the living environment ( e.g., reduced traffic problems and related 

CO2 emissions, improved safety and hygienic levels ) (Kaliampakos et Benardos, 2013). 

Therefore, this scenario involves several urban planning and urban design actions,  including: (i) reserving land to build a new 

collection center for fostering a separate waste collection; (ii) extending the methanization and incineration facilities and the 

necessary networks enabling to promote the development of renewable energy production activities; (iii) programming new 

activities (industrial, commercial, and craft activities) for the textile products recycling; (iv) planning the urban developments 

and equipment enabling the selective collection in the respect of the urban carrying capacity; (v) planning the possible 

decentralized separated network for energy management; (vi) developing a local decentralized energy management system; 

etc. That calls for a feasibility and impact studies from an economic, environmental, social, technical, and regulatory 

perspective and risk evaluation. It is also necessary to verify the long-term socio-economic cost-effectiveness for inhabitants, 

industries and municipalities. 

Moreover, implementing such a strategy would require background conditions. (i) Firstly, an environmental policy that should  

promote the development of symbiotic links by integrating into its priorities the looping of material and energy flows as a 

principle for natural resource preservation, waste management, and climate change mitigation (Lorrain et al., 2018; Massard et 

al., 20114). (ii) Secondly, a socio-economic policy that should promote the waste recovery industry and encourage creating 

new recycling companies on the one hand and, on the other hand, should support the inhabitants in reducing their energy 

consumption and CO2 emissions. Besides, waste sorting and green space maintenance require households' participation, which 

calls for awareness and education actions to facilitate the local population's mobilization in symbiotic urban projects (Lorrain 

et al., 2018; Massard et al., 2014). (iii) The third condition relates to local public authorities. Given their unique position as a 

local administrative level, they have a triggering role in implementing UrS, particularly by integrating economic actors and 

civil society, establishing inter-sectoral and inter-municipal collaboration in urban activity sectors, mobilizing all human and 

materials resources, and the innovative technological tools to promote efficient monitoring and evaluation of symbiotic 

projects. (iv) Indeed, this could not be achieved without the national government's support, which should play a significant role 
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in establishing a conducive legal system, that can help exceed all environmental constraints, reinforce the financial means of 

projects, and facilitate their supervision at the local level (Lorrain et al., 2018; Massard et al., 20114).  

However, these conditions are not yet developed in the field in Algeria, and our system has to face several constraints, like for 

example: (i) socio-economic, with increasing demand for housing, amenities, and infrastructures, hard to meet in a context of 

an economic crisis, lack of project financing resources, and scarce urban land; (ii) environmental, including water stress, the 

threat of energy crisis, exposure to natural disasters, and extreme climatic events (between floods, drought, high winds, and 

storms, food insecurity, etc.); (iii) legal and organizational, with the inefficiency of public action, the absence of appropriate 

legislative and regulatory tools, the lack of specialized technical and human resources, and the absence of a collective approach 

(Berezowska-Azzag et al., 2015a; Berezowska-Azzag, 2015b). All of this hinders UrS strategy implementing in the Algiers 

local context. 

The encouraging aspect is that the Algiers Master Plan (PDAU) strategic vision strives to materialize a new policy for 

transforming Algiers into an eco-metropolis. It acknowledges that interactive urban issues are complex and cannot be 

addressed using the same methods currently in use. It proposes so a strategic approach aimed to direct the Algiers' local urban 

development (PDAU, 2016).  Adopting the LC-UrS strategy, as part of the Algiers PDAU, could support the three pillars of 

this plan relating to Economic development, Territorial cohesion and to the Environment protection and enhancement, that 

covers natural resources preservation, energetic transition, integrated waste management, urban activities development 

including housing, trade, industrial, agricultural, socio-cultural, educational, of scientific and technological research, as well as 

infrastructures and networks,  through integrating several specific structuring projects [Figure 15.a]6. 

Nevertheless, implementing these projects in the territorial model (pillar 5) as a strategic orientation tool lacks consistency in 

the action levels hierarchy, by operating on an ad hoc and autonomous manner and moving directly top-down from the 

strategic to the operational level. For this purpose, a LC-UrS Local Plan could be integrated at an intermediate level for the 

inter-municipal scale considering, networking the Algiers future projects in a symbiotic development prospect (Figure 15.b). 

As a coordinating filter, it would be able to organize and develop the metabolic loops by planning the required urban activities 

and infrastructures for the benefit of Energy optimization and CO2 emissions reduction in the inter-sectorial way.  

 

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 new methods and tools for programming, urban planning, urban design, and 

decision support. To this end, supporting the UrS strategy in the planning process would mean exploring ways for its 

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

IS/UrS present considerable optimizing potential demonstrated in several IS/UrS pioneering projects. Referring to the 

international scientific literature, this paper explored the UrS performances in Algiers local urban context for the operational 

urban planning needs, focused on CO2 emissions mitigation. Using a systemic approach, the study conducted to the urban 

symbiosis planning proposals in one local urban system with a high potential of urban activities, considering the Waste-Energy 

cyclical metabolic process. By valorizing urban waste into renewable energy, we proposed symbiotic links between different urban 

subsystems (housing neighborhoods, public amenities, industrial activities, and technical facilities), then evaluated their performances 

in optimizing Energy use and reducing CO2 emissions. The results highlighted the symbiotic exchange potential of the local study 

area and revealed an estimated optimal gain of 30.5% and 13.27% per year in Energy consumption and CO2 emissions in this 

intercommunal territory. Therefore, it stands out that looping metabolic flows between various urban activities within the broadest 

framework of urban projects provide effective solutions beyond the IS scope limited to industrial parks. That brings interesting 

answers for the Algerian urban managers to reduce Algeria's GHG and achieve the climate resilience objective, if the main 

Algerian metropolitan cities join the common urban symbiotic national policy. Their potential to contribute to the global CC 

mitigation effort seems proportional to their urban capital in terms of housing, structural facilities and logistic networks, but 

also to their capacity for managing the local public action, searching various investment sources and valorizing local 

knowledge.        

Broader implementation at the national level could then help to reach the 7% target, and even more. Hence, this optimizing 

potential from UrS will be even more significant for all countries, particularly with the increase in urban waste. So, 

implementing UrS should be encouraged in other cities around the world, where housing neighborhoods, public amenities, 

industrial activities, and technical facilities coexist. Thus, we hope our study contributes a lot to the international knowledge 

share, particularly in developing countries.   

However, we have seen that implementing such a strategy would require background conditions. Thus, the prospect for 

integrating the UrS into the local urban planning process first entails a comprehensive identification of the local political 

conditions, therefore defining the most appropriate implementation tools, then checking the long-term economic profitability 

for households, companies, and locality. These issues will be developed in our next contribution.  
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 Appendices  8.

 Scenario design analysis method  Appendix A :

 

Figure A. 1: Morphological space of possible symbiotic scenarios according to a cyclical Urban Metabolism
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 Detailed calculation formulas Appendix B :

From formulas (1.1) and (1.2) 

�. �

��
��
��
��
��
�D#$�%En� � +elec� & gas�1																																															I($)En� � ^i\�[[Z\���i	  & ^i�¡die¢�¡�	  & ^i<=*7<(*�<	 		^i\�[[Z\���i	  � β6 ∗ D789C ∗ Q#$��*#<*~wj																												
^i�¡die¢�¡�	  � β; ∗ D<=>?	T ∗ n c⁄ ∗ Q#$��*#<*~wj															
^i<=*7<(*�<	  � ∑ �Ԏ�(,���� ∗ Q<=*7<*~wj�																						Q#$��*#<*~wj � α� ∗ Qw�																																																					Q<=*7<*~wj � α� ∗ γ� ∗ Qw(,�																																													G*()En� � 	ɛ ∗ 	α� ∗ γ� ∗ 	∑ QwI,�I 																																						

  

From formulas (2.1) and (2.2) 

�. ¤
��
�
��KL2�¦\�ie^i�  � Z[Z\  ∗ ^_Z[Z\ & cde  ∗ ^_cde																																																																																																							
KL2�§¨�©^i�  � +^i\�[[Z\���i	  & ^i�¡die¢�¡�	 1 ∗ ^_�¡die¢�¡� &	∑ �o�¡Zd�Zªq�¨� q ∗ ^_�¡Zd�¨Zi�	�q,¨��					
KL2�tZ¨©^i�  � tZ¨©^i  ∗ ^_tZ¨©	^i																																																																																																																																			

  

From formulas (1.3) and (1.4) 

�. «
��
�
��
AvEnj � ¢ ∗ Qtreatedwj																						
MiEnj � ∑ �ɽM ∗w Qrecycledwj�						
PrEnj � ∑ �w ϸ�m,w� ∗ Qtreatedwj�	
FaEnj � ʋ ∗ ∑ �Ԏq ∗q 	Qtreatedwj�
LoEnj � +PrEnj & FaEnj1 ∗ μ										

  

From formulas (2.3) and (2.4) 

�. ­
��
�
��
AvCO2�AvEn�j � ɇ ∗ Qtreatedwj																																					
AvCO2�MiEn�j � ∑ �ɘq ∗w Qrecycledwj�																									
AvCO2�PrEn�j � ∑ �w Ә�m,w� ∗ Qtreatedwj�																			AvCO2�FaEn�j � FaEnj ∗ EFelec																																					AvCO2�LoEn�j � �AvCO2	�PrEn�j &	AvCO2�FaEn�j� ∗ ρ
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 Detailed results Appendix C :

 

  Indicators Abbreviation  Unit j0 j1 j2   j3   j4 j5 

A  Used fossil Energy  under scenario j (Uf En j )  

A.1 Direct consumed Energy under scenario j (DconsEn j) 

  Electricity  elecj GWh/y 
  
267,425    

  267,425     267,425     267,425     267,425     267,425    

  Natural gas 
  

gasj 
1000000 
th/y  

497,132      497,132     497,132     497,132     497,132     497,132    

  gasj GWh/y 578,165      578,165     578,165     578,165     578,165     578,165    

  
Total Direct consumed Energy DconsEn j  GWh/y 845,59        845,59       845,59       845,59       845,59       845,59    

A.2. Indirect mobilized Energy  for waste treatment under scenario j (ImobEn j ) 

  Energy for Collection 
             

En collection j m3/y 211,048 135,009 248,292 4,145 109,021 248,292 

   
GWh/y 2,267 1,450 2,667 0,045 1,171 2,667 

  Energy for Transport  
  
  
  

En transport j m3/y 41,81 - - - - - 

  
 

GWh/y 0,45 - - - - - 

  Energy for Treatment En treatment j GWh/y 2,02 0,60 2,85 0,05 22,85 23,50 

Total  Indirect mobilized Energy ImobEn j GWh/y 4,74 2,05 5,52 0,09 24,02 26,16 

A.3 Gray embodied Energy  in the processes of implementing treatment facilities, under scenario j (GembEnj)    

  Waste collection center x1  GWh/y              -     1,18 1,18 1,18 1,18 1,18 

  Methanization plant x2 GWh/y              -     0,64 - - - 0,64 

  Textile industry x3  GWh/y              -     - - - 0,15 0,15 

  Heat networks x4 GWh/y              -     - - - 0,52 0,52 

Total   Gray embodied Energy  GembEnj GWh/y              -     1,83 1,18 1,18 1,85 2,49 

Total  Used fossil Energy Uf En j GWh/an  850,3     849,5    852,3    846,9    871,5    874,2   

B. Recovered Energy from valorized waste under scenario j (RwEn j) 

B.1 
Avoided Energy for 
consumption 

AvEnj GWh/y - 3,33 6,13 0,10 2,69 6,13 

B.2  Reduced Energy MiEnj GWh/y - - - - 264,48 264,48 

B.3  Produced Energy PrEnj GWh/y - 9,98 44,38 1,33 - 11,32 

B.4  Recovered Fatal Energy FaEnj GWh/y - - - - 2,74 2,74 

B.5 Lost Energy LoEnj GWh/y - 1,00 4,44 0,13 0,27 1,41 

 Total  Recovered Energy  RwEnj GWh/y - 12,32 46,07 1,30 269,64 283,26 

Total Optimized Energy  per scenario OpEn j GWh/y 850,3 837,2 806,2 845,6 601,8 591,0 

Total Energy Gains compared to 
Scenario "j0" 

En Gain j 
GWh/y - 13,18 44,10 4,77 248,5 259,3 

% 0% 1,55% 5,19% 0,56% 29,2% 30,5% 

Reference 
values  

 

National objective    %  7%           

Corresponding targeted gain   GWh/y 59,52              
Corresponding targeted 
Energy optimization    GWh/y 790,807             

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 j2   j3   j4 j5 

A Generated CO2 Emissions from Used fossil Energy, under scenario j (GeEm (U.f.En) j) 

A.1 CO2 Emissions from Direct consumed Energy, under scenario j  (CO2 (DconsEn) j) 

  a.  CO2 from electricity CO2 elec j  ktCO2e/y  146,55    
  
146,55    

146,55    146,55    146,55    146,55    

  b.  CO2 from natural gas CO2 gas j    ktCO2e/y  131,24    131,24    131,24     131,24   131,24    131,24    

Total CO2 from Used fossil Energy  
 GeEm (U.f.En) 

j 
 ktCO2e/y  277,8    277,8    277,8    277,8    277,8    277,8    

A.2 CO2 Emissions from Indirect mobilized Energy, under scenario j (CO2 (ImobEn) j) 

  CO2 from Collection CO2 collection j  ktCO2e/y  
                      
0,561    

           
0,359    

         
0,660    

         
0,011    

         
0,290    

         
0,660    

  CO2 from Transport CO2 transport j   ktCO2e/y  
                        
0,11    

                  
-      

                
-      

                
-      

                
-      

                
-      

  CO2 from Treatment CO2 treatment j  ktCO2e/y  
                        
0,50    

              
0,14    

            
0,65    

            
0,01    

            
3,77    

           
3,91    

Total CO2 from Indirect mobilized Energy CO2 (ImobEn) j  ktCO2e/y  
                        
1,17    

             
0,50    

           
1,31    

           
0,02    

           
4,06    

           
4,58    

A.3 CO2 Emissions from Gray embodied Energy, under scenario j (CO2 (GembEn) j  )    

Total CO2 from Gray embodied Energy CO2 (GembEn) j    ktCO2e/y  -            
1,00    

     
0,65    

      
0,65    1,01    1,37    

Total CO2 from Used fossil Energy GeEm (U.f . En) j ktCO2e/y 278,97    279,29   279,75   278,46    282,86     283,73   

B. Avoided CO2 Emissions by Recovering Energy from valorized waste (AvEm (R.w. En) j)    

B.1 Avoided CO2  from Avoided Energy AvCO2(AvEn)  ktCO2e/y  
                             
-      

0,83    1,52    0,03    0,67    1,52    

B.2 Avoided CO2 from Reduced Energy AvCO2 (MiEn) j  ktCO2e/y  
                             
-      

-      -      -      38,13    38,13    

B.3 Avoided CO2 from Produced Energy AvCO2 (PrEn) j   ktCO2e/y  
                             
-      

 0,86    10,81     0,32    -      1,19    

B.4 
Avoided CO2 from Recovered Fatal 
Energy AvCO2 (FaEn)  ktCO2e/y  

                             
-      

- - - 1,50    1,50    

B.5 Avoided CO2 from Lost Energy AvCO2(LoEn) j                                    ktCO2e/y  
                             
-      

        
0,09    

1,08    0,03    0,15    0,27    

 Total Avoided CO2 Emissions AvEm (R.w. En) j  ktCO2e/y                               
-      

1,60      11,25          
0,32    

40,14         42,06   

Total  Reduced CO2 Emissions per 
scenario ReEm j ktCO2e/y 278,97    277,77   269,58   278,18    242,87     241,94   

Total CO2 Emissions gain compared to 
scenario "j0"  

CO2 Gain  j  
  

ktCO2e/y -      1,19    9,39    0,79       36,10       37,02   

 %  0% 0,43% 3,36% 0,28% 12,94% 13,27% 

  
Reference 

values  
 

National objective    %  7%           

Corresponding targeted gain   ktCO 2e/y 19,53              

Corresponding targeted 
CO2 reduction 

  ktCO 2e/y 259,439              

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

Jo
urn

al 
Pre-

pro
of



 

36 

 

 Notes 9.

 

                                                 
1 767 referencing document. 
2
 Algiers has 57 municipalities grouped into13 administrative districts (Daïras). El Harrach daïra comprises four municipalities, 

including El Harrach (Daira capital), Oued Smar, Bachdjerrah, and Bourouba. However, in the meaning of spatial-functional 

management and urban planning, the inter-municipality organization is not defined under the Algerian legislation. 

3
 The diagnosis conducted as part of this study related to the 57 municipalities of Algiers, it aimed to assess the balance of UM 

through identifying, on the one hand, both, the most active municipalities, in terms of local urban development and those 

characterized by a linear UM, in terms of natural resources consumption and the generated pollution related to waste 

emissions. On the other hand, it identifies the means established for optimization. Based on an internal bench-marking method 

(comparison with the average values of all Algiers municipalities), the assessment was divided into 08 criteria, 16 

measurement parameters, and 30 indicators, for each of Algiers' 57 municipalities. The results demonstrated the urban 

metabolism imbalance in Algiers and highlighted the ElH-OS's local intercommunal territory's metabolic problems. With high 

energy consumption, the production of large quantities of waste, and the pollution of Oued El Harrach from urban and 

industrial wastes, as well as the failure in UM planning and management. 

4
 Since then, this data has not been updated by the concerned institutions, pending an upcoming general economic census and the 

2020 national population and housing census, which should include environmental information in the statistical questionnaire. 

5
 “ALFEL”  Algerian Foundry Company, whose production based on metal scrap transformation, “ALFEL” receives and melts 

about 4,000 tons of ferrous metals per year for a finished product manufacturing of about 3,200 tons . The scrap received 

comes from various sources. It should be noted that ALFEL is not a waste treatment company and is not declared in this 

activity (SDDI, 2010). “ECFERAL,” a Boiler making and Tinsmithing Company specialized in metal boiler vats 

manufacturing. It also developed other activities such as incineration and the manufacturing of small incinerators. Those are 

particularly suitable for expired medicines and waste from infectious-risk medical care activities. “ECFERAL” has an 

incineration plant that treats about 1.5 tons of waste per day (SDGDI, 2010). 

6
 Pillar 1 covers, a.o., projects relating to the development of industrial and commercial activities as well as the energy network; 

Pillar 3 covers residential projects, transport infrastructures, socio-cultural and leisure projects; Pillar 5 covers, a.o., projects 

relating to the preservation and enhancement of natural heritage  (forests, natural and urban parks, others), the development of 

urban agricultural parks, as well as the waste treatment projects (collection, sorting, recycling, disposal) and wastewater 

recovery and treatment ones. 
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Highlights 
 

 
 

• UrS could be useful to realize global strategic climatic goals at the local scale 

• It offers more opportunities to loop flows between various activities than IS 

• Algiers’ local case study proves its efficiency to reduce energy use & CO2 emissions 

• UrS should be incorporated into Algerian urban planning and energy management tools 

• Setting up an UrS would require an evolution of the local urban development policy 

 

Jo
urn

al 
Pre-

pro
of



Declaration of interests 

 

☒ The authors declare that they have no known competing financial interests or personal relationships 

that could have appeared to influence the work reported in this paper. 

 

☐The authors declare the following financial interests/personal relationships which may be considered 

as potential competing interests:  

 

 
 
 

 

 

Jo
urn

al 
Pre-

pro
of


