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Abstract 

Urban metabolism can be used to assess the sustainability of urban areas through its consumption 

and generation of energy, materials and wastes. The objective of this study is to analyze the urban 

metabolism of the Marseille Provence Metropole with a consumption based perspective and to 

characterize its metabolism with different methodologies and impact indicators.  

For this purpose, three different methodologies are used: Material Flow Analysis (MFA), Extended 

Environmental Input Output Analysis (EE I-O) and Process Life Cycle Analysis (LCA). The MFA gave a 

GHG footprint from domestic consumption of 15.3 kg CO2eq./cap/day, the EE_I/O approach gave a 

GHG footprint of 13.7 kg CO2eq./cap/day, while the process LCA gave a CC impact of 18.8 kg 

CO2eq./cap/day. The MFA estimated the FD impact in 8.4 kg oil eq./cap/day and LCA Process to 3.6 

kg oil eq./cap/day (without considering the Fuel Depletion impact from transport). To put into 

perspective the results obtained, they were compared with the results from other cities also involved 

in the Ecotech Sudoe project, in particular with the urban metabolism study on Aveiro (Portugal) and 

the municipal solid waste study and characterization of Barcelona (Spain). 
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Introduction 

Contextual framework of the study and objectives 

The GT3.2 contributes to the development and testing of environmental assessment tools and 
physical accounting methods of material flows and energy in the territories (flows and stocks).The 
GT3.2 tasks’ objective is to characterize and assess a variety of material and energy flows which are 
imported, exported and consumed on each territory of study. The diagnosis is performed within 
three territories (Aveiro, Barcelona and Marseille). These cities represent respectively small town, big 
metropolitan area and important metropolitan area of the SUDOE area. A first step was to identify 
relevant territorial scales, which could be comparable between these three cities. The definition of 
these territorial scales is based on administrative division (boundaries), the perimeter where the 
skills held by each administration are performed, but also the availability of data. In each territory, a 
special focus is made on the flows of energy and waste. 

The diagnosis of territorial metabolism is carried out using different methodologies. The goal of 
GT3.2 is also to compare the elements resulting from the use of Material Flow Analysis, Extended 
Environmental Input-Output analysis and Process LCA) and to identify their potential articulation in 
the production of a territorial diagnosis (in line with the objectives of GT3.5, which is more oriented 
towards the recommendations and comparison between territories in terms of environmental 
assessment). 

So, its study aims at implement the three different methodologies for benchmarking and assessing 

the pressures and impacts generated by Marseille Provence Metropole (MPM). Following, the next 

objective is to perform a comparative analysis of the three methods to test their validity and 

complementarity. Further, a comparative analysis of the three cities will be performed in order to 

highlight the brakes and levers on the three territories.  

 

Description of the study area 

Common level of territorial scale was found between Barcelona, Aveiro and Marseille context, to 
implement methods and tools on each and compare the results. The different exchanges have shown 
that it was more interesting to work at a metropolitan level than at the City level, in compliance with 
similar administrative levels and easier to quantify the environmental pressure and use of resources 
(availability of data). So, in a comparative perspective of town results, the scale of the Marseille 
Provence Metropole (MPM) appears therefore as relevant to scales of Municipality of Aveiro and the 
metropolitan area of Barcelona.  

Moreover, previous urban metabolism studies in France, in Paris (Barles, 2005) and in Lille (Duret et 
al, 2008) show that the urban community is a territorial entity which performs a series of skills that 
can positively interfere directly flows studied in a MFA. The territorial organization, led by elected 
officials, has jurisdiction over the management of water and waste flows, for example, to provide 
progress reports (in the same way that a local observatory). This type of local organization has a 
capacity to influe directly on optimizing flow management in its territory (i.e.: drinking water, 
reducing dissipative losses of network monitoring, waste management, etc.). Lastly, it has been 
identified as sources of data on this territorial level proved quite interesting to use (for instance, 
regional observatory of energy, which includes detailed data on the scale of MPM). 

The MPM (Figure 1) has an area of 604.8 km2 and a population of 1,039,739, inhabitants (population 
density of 1,719 inhabitants / km) in 2008 (Source Insee, 2009).  
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Figure 1 – Highlighting the territorial scale of the MPM (available on MPM website, http://carto.marseille-
provence.fr/geowebMPM/portal.do, 2012) 

MPM consists in 18 municipalities. This area has an important urban center (Marseille, over 80% of 
the overall population of MPM, as shown in ). 

 

Table 1 – Overall population of MPM, adapted from INSEE website, 2010 

Community Inhabitants (2008) Superficie (km²) Density 
(inhabitant/km²) 

Marseille 851,420 240.62 3,538 

Marignane 33,909 23.16 1,464 

La Ciotat 33,790 31.46 1,074 

Allauch 18,728 50.30 372 

Chateauneuf-les-
Martigues 

11,564 31.65 365 

Plan de Cuques 11,096 8.52 1,302 

Septèmes les Vallons 10,481 17.84 588 

Gignac la Nerthe 9,186 8.64 1,063 

Cassis 7,793 26.87 290 

Sausset les Pins 7,333 12.10 606 

Carnoux en Provence 6,999 3.45 2,029 

Saint-Victoret 6,536 4.73 1,382 

Carry-le-Rouet 6,331 10.10 627 

Gémenos 6,007 32.75 183 

Ensuès-la-Redonne 5,224 25.83 202 

Roquefort-la-Bédoule 5,038 31.15 162 

Le Rove 4,174 22.97 182 

Cevreste 4,130 22.61 183 

Total 1 039 739  604,8 1719 

http://carto.marseille-provence.fr/geowebMPM/portal.do
http://carto.marseille-provence.fr/geowebMPM/portal.do
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MPM is an area in constant development, particularly in terms of population. MPM employed 
population was 403,126 in 2008 (INSEE, 2011), about 66,4% of the 15-64 years old population. The 
unemployment rate is high in the territory (16.3% of employable population in 2008). The tertiary 
sector (trade, services to businesses and individuals) is the largest employer (48.7 %) followed by 
administration (36.5 %). Then it is the industry (8.7%) and construction (5.9%) sectors. The 
agricultural sector provides employment 0.2% of the workforce in employment. Only 2,230 hectares 
(22.3 km²) are used by the agriculture. This sector consists only of 296 farms in the territory in 2000 
(INSEE, 2011). 
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Materials Flow Analysis of Marseille Provence Metropole 

This study of metabolism in the territory of Marseille is a combination approach on a relevant 
administrative and public authority, in terms of skills exercises (water management, waste, urban 
policy, etc.) and availability of data sufficiently consolidated to allow a refined study of material flows 
and energy planning.  

Figure 2, the main inflows (inputs) considered are energy, water, food and drinks and building 
materials. The main outflows (outputs) considered are Greenhouse Gas (GHG) emissions, wastewater 
and solid waste. 

 

 

 

 

 

 

 

 

 

 

Figure 2 – MFA (inputs – outputs) representation in MPM  

The units used for the quantification of each flow can vary, depending on whether it is based on a 
volume basis (liter, m3), mass (kg, tons) or energy (MWh, toe, joules, etc.). In all cases, the objective 
of a MFA is to account in physical terms, not monetary, for the use of natural resources and 
emissions to the environment. Local loops of reuse (recycling, reprocessing, etc.) were in some cases 
also identified and characterized in the global cycle of material flows and energy land (in inputs or 
stocks). 

For each flow considered, the data sources, mainly from agencies conducting statistical reporting 
(ministries, regional observatories and/or departmental, etc.) are explained and the reference year 
relating to these data too. In general, and even on each of the flows, it is uncommon to find 
consolidated data on a single reference year. For some flows (i.e.: energy), a perspective of local 
consumption in the territory concerned was also been done with data more macro (regional or 
national scale) to reflect local characteristics of flux consumption, by compared to an average per 
capita compared to the national level for example. This illustration highlight in some cases the 
character of the territory (very industrialized or very rural and agricultural, etc.).  

 

Energy inputs 

Water inputs 

Food and 

drinks inputs 

Wastewater 

outputs 

Solid waste 

outputs 

Aggregates 

 

 

MPM area 
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Inputs 

Energy inputs 

In a first time, information on the French energy market was gathered to show our energy use profile 
in France. Information was obtained from different sources: 

• International Energy Agency (IEA, 2012) for the year 2009. This information is in toe for all 
types of energy sources. The IEA energy balance of France was used to draw the metabolism 
of the national energy production and consumption. Renewable energies were only 
segregated in two categories (“biofuels and waste” and “other renewable sources” including 
geothermal, solar, etc.). 

• the Ministry of Ecology and Sustainable Development (MEDD, 2012), with data gathered in 
the Pegase application and the French Institute of Environment (IFEN, 2012), with data 
collected by Professional Petroleum Committee (PDCC), French Committee of Butane and 
Propane (CFBP), about final national consumption of petroleum products and national 
production of petroleum products. 

 

The scheme of Figure 3 presents the national primary energy metabolism of France in the year 2009 
with IEA data. Like in Aveiro situation, it was decided, for a better visualization, to group renewable 
energies (hydro and geothermal, with solar, etc.) except biomass and biofuels. The total primary 
energy consumption in France was 256,217 ktoe, from which 41.7 % was nuclear, 28.6 % was oil, 15 
% was gas and 4.4 % was coal and peat.  So, 89.7% of the French primary energy consumption was 
based on fossil fuels. It’s important to note the local production of electricity from meanly nuclear 
system (107,000 ktoe), with a net export of 2,230 ktoe to neighboring countries via the European 
network of high-voltage (THT). Renewables had a share of 12% of the electricity production (mainly 
hydro-power) and a share of 8% of the total energy consumption (mainly hydro and biomass for 
residential and industrial uses). 
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Figure 3 – France primary energy inputs of 2009 in kilo-tonnes of oil equivalent (ktoe) – Source: based on data from IEA 
(2012) 
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In a second time, PACA and MPM’s oil, electricity, natural gas consumption and others energies were 
obtained from MEDDTL (CGDD/SOeS), 2012 and Energ’Air (2012), to show (Table 2) these 
consumptions for the main activities, both in the country, in PACA and in MPM scope. It’s important 
to note that data for MPM consumption is available only for 2007, while data for country and PACA 
perimeter concern 2009. This can lead to some mistakes when comparing the different data. 

Table 2 – Comparison between the primary energy consumption in France and MPM in tons of oil equivalent (toe) – 
Source: based on data collected from IAE (2012), MEDDTL-CGDD/SOeS (2012) and Energ’Air (2012). 

 Metropolitan France Marseille Provence Metropole Percentage of French 
consumption 

Year of reference 2009 2007  

Global consumption (in ktoe of 
primary energy) 

256,217 3,203 1.25% 

    

Type of product    

 Coal 11,221 0 0% 

 Petroleum products 73,243 1,340 1.83% 

 Natural gas and 
networks 

38,451 542 1.41% 

 Electricity 106,780 1,285 1.20% 

 Biofuels and waste 14,948 5 0.03% 

 Renewable energy 5,812 32.1 0.55% 

 

MPM has 1,039,739, inhabitants, that is 1.7 % of the national population, but MPM used 1.25 % of 
national primary energy consumption.  

In a third step, the representation was made for the MPM perimeter only, to show the different 
consumption of resources by several sectors of activity on the territory. This representation will be 
within the scope of urban metabolism overall MPM (in Energy Inputs). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 – Main incoming flows of final energy in the territory of MPM, including fossil energy consumption and local 
production (renewable energy) 
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For MPM, the total consumption of final energy (adapted from MEDD, 2012) is about 3,200 ktoe, 
mainly from fossil energy sources (59%), consisting of oil (1,340 ktoe) and gas (542 ktoe). The amount 
of electricity imported into the territory is approximately 1,285 ktoe, produced mainly from the 
national nuclear industry (which increases the rate of dependence on fossil energy sources). 
Renewable energy sources, all segments combined (biomass, biofuels, solar, etc.), account for less 
than 0.3% of the energy consumed locally. The territory of MPM has a consumer profile, and very 
little local producer of energy (self-consumed locally or exported). 

The ratio of local consumption is 3.06 toe/year/capita (about 8.4 koe/day/capita), which is higher 
than the national average (2.37 toe/year/capita).This local consumption is distributed in different 
sectors of local economy. As shown in Figure 5, the largest consumer in the territory of MPM is the 
industry (32 %, with 1,028 ktoe) and the residential sector (corresponding to the habitat, 29 % with 
921 ktoe), followed by the transport sector (21 % with 663 ktoe) and commercial sector (called 
tertiary sector in France, 18 % with 587 ktoe). The least consumer is the agricultural sector (only 0.1% 
with 3 ktoe), which appears according to the urban and industrial character of the territory of the 
MPM.  
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Figure 5 – MPM energy consumption  (detailed data, in primary energy) of 2007 in tons of oil equivalent (toe) – Source: 
adapted from Energ’Air (2012) 
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Residential (44 % with 560 ktoe), commercial (36 % with 465 ktoe) and industrial (20 % with 256 
ktoe) sectors are major electricity consumers, for specific applications (mechanical energy, electric 
ovens, etc.) and especially for the classic needs of lighting and heating/cooling space. Only 0.02% of 
this input of electricity comes from local renewable energy sources and 0.7 % comes from local CHP 
units. 

The industrial sector is a very important consumer of by-products from local petrochemical units 
located or close to the territory (i.e.: reuse of 341 ktoe of refinery gas and petrochemicals, represents 
nearly 33% of the energy needs of the industrial sector). 

Residential and tertiary sectors mainly use natural gas (to provide for heating) and electricity 
(lighting, heating and space cooling). These two energies combined represent 92 % of inputs in the 
residential sector and 93 % of the tertiary sector. The residential consumption is around 2.02 
toe/household/year (given that the national average is around 3.21 toe/household/year). Brought to 
the surface inhabited, this consumption is evaluated in the territory of MPM about 5.9 koe/m²/year 
(against 34 koe/m²/year on national level). Energy consumption of the agricultural sector reduced 
per hectare is about 2.37 toe/ha, and about 10.77 toe/farm if we consider a number of farms 
provided by INSEE (INSEE, 2011). 

 

Water inputs 

The MPM website and GEREP (2012) provide statistical information about water consumption on the 
territory, distributed, as shown in Figure 6, in different categories (drinking water, industrial surface 
water, industrial groundwater, industrial uses, etc.). 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 – MPM water inputs of 2010 in m3 – Source: based on data collected from MPM and GEREP (2011-2012) 

This database was supplemented by information from the GEREP (2012), concerning the operators of 
establishments covered by the annual reporting of emissions and waste (industrial plants, farms, 
wastewater treatment plants, and mining sites). These statements operators are subject to validation 
by the competent inspection authorities for the relevant institution in the territory (DRIRE) 

Water inputs 

 Drinking water 

 Industrial surface water 

 Industrial groundwater 

 Drinking water for industrial 
uses 

 wastewaters 

 Local extraction  

Energy inputs 

Air 

emissions 

 

 

MPM area 

Wastewater 

outputs 

Solid waste 

outputs 

Food and 

drinks inputs 

Aggregates 



 

20 
URBAN METABOLISM OF MARSEILLE PROVENCE METROPOLE  
Nicolas MAT, Álvaro GONZÁLEZ-ROOF – Ecole des Mines d’Alès, 2012 
 

MPM has its own processing units and drinking water production, generally delegated under a 
delegation of public services to private operators. MPM uses on its territory 100,800,000 m3 of 
drinking water produced or imported into the territory (0.3% of global French consumption). Losses 
in the distribution system are estimated at 18% (nearly 18,000,000 m3). Global actual consumption of 
drinking water is estimated for 2010 at 84,537,472 m3 in the territory. This represents a final 
consumption of drinking water of 81.286 m3/year/capita or 224 l/day/capita.  

Table 3 – Global consumption of drinking water, from MPM - 2010 

 

It’s important to note that MPM produces also drinking water for neighboring areas. So, MPM 
distributes over 217 Mm3 of water per year. 

The main source of raw water to produce drinking water is provided by  the Canal of Marseille  to 17 
of the 18 communes of MPM and also 19 others communes outside the MPM (total raw water 
provided: 193.5 Mm3). Only the commune of Gémenos is not driven by the canal but by drilling. The 
other resources are the drilling in Gemenos and Aubagne and the Canal de Provence. 

Table 4 – Water resources for MPM (adapted from MPM, 2010)  

 
Water resources  

Canal of Marseille 71% 

Canal of Provence 25% 

Drilling of Gémenos 1.4% 

Drilling of Aubagne 1.3% 

TOTAL 84.5 million m3/year 

 

It’s important to notify the stock which is the combination of 152 tanks, corresponding for more than 

298 710 m3 of reserves on MPM area. 

 

Type  Volume used (m3) Rate (%) 

Municipal consumption 10 566 484 12.5 

Private consumption 66 617 070 78.8 

Public green spaces  3 972 576 4.7 

Industry 2 110 745 2.5 

Agricultural 1 085 317 1.3 

Fire fighting  185 280 0.2 

TOTAL 84 537 472 100 
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Then, the industry sector on MPM scale uses 7.032 Mm3/year of industrial water (GEREP, 2010): 

1.241 Mm3/year of industrial surface water and 5.790 Mm3/year of industrial ground water.  

 

Food and drinks inputs 

The food and drinks inputs are flows very difficult to understand, in terms of quantification but also 
identification of sources and destination. Local productions are also difficult to quantify, many 
residents cultivating their garden but do not reveal their production. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 – MPM food and drinks inputs 

The most relevant food and drinks consumption statistics in France is the AFSSA study (AFSSA, 2009). 
This sources gives the daily consumption of children (3-17 years old) and (adults 18-79 years old) for 
the years 2006-2007. So, considerating these elements and the population distribution of MPM in 
2009 described by INSEE (INSEE, 2011), the following Table has been established. 

Table 5 – Consumption patterns by major types of products, adapted from AFSSA0910 

Foods Consumption (kg/cap/day) Foods Consumption (kg/cap/day) 

Bread and related products 0.101 
Vegetables (excluding 

potatoes) 0.124 

Cereals for breakfast 0.007 Potatoes and related 0.057 

Pasta 0.039 Dried vegetables 0.009 

Rice and wheat grains 0.024 Fruits 0.126 

Other cereals 0.000 Dry fruits and oilseeds 0.002 

Bakeries 0.013 
Ice cream and frozen 

desserts 0.009 

Biscuits and cookies 0.011 Chocolate 0.007 

Pastries 0.037 Sugars and derivatives 0.018 

Milk 0.108 Water 0.714 
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Fresh dairy products 0.080 Soft drinks without alcohol 0.153 

Cheese 0.030 Alcoholic beverages 0.118 

Eggs and related 0.014 Coffee 0.194 

Butter 0.010 Other hot drinks 0.104 

Oils 0.010 
Pizzas, quiches and savory 

pastries 0.022 

Margarine 0.004 Sandwiches, snacks 0.016 

Other fats 0.000 Soups and broths 0.075 

Meat 0.047 Mixed dishes 0.066 

Poultry and game 0.029 
Desserts, desserts and 

gellified milk 0.026 

Giblets 0.002 Compotes and stewed fruits 0.014 

Delicatessen 0.032 Condiments and sauces 0.018 

Fishs 0.024 
Foods for particular 

nutritional uses 0.002 

Crustaceans and molluscs 0,004 Total 2,503 

 

This consumption, for human needs, corresponds to 2.5 kg/day/capita, with 54 % of drinks 
consumption, including drinking water distribution network. However, it doesn’t take into account 
the regional differences of consumption between North and South of France, as well as East and 
West of France (AFSSA, 2009). Moreover, evaluation of flows of foods and drinks is being targeted 
research projects in France (CONFLUENT, 2011), working across urban and rural watersheds. It would 
be interesting to have such data from trade associations (bakers, etc.) or MIN (Marché d’Intérêt 
National in French) to better understand and describe the flows consumed and sold in the territory. 

For water consumption, INSEE has analyzed alimentary products and can discriminate spring and 
mineral waters (0,414 l/day) from other waters (0,714 l/day). However, the touristic consumption as 
well as the alimentary losses are not taken in account. Ne prends pas en compte les consommations 
dues aux touristes et les pertes alimentaires.  
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Construction materials inputs 

The most interesting source of information for the study of this flow is the departmental career 
management plan (Plan départemental de gestion des carrières in French). This is an old 
documentary source (2001) but revised in 2007, including the consumption and local production of 
aggregates, predominantly represented (by weight) of inert waste (DRIRE, 2007). 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 – MFA (aggregates inputs) representation in MPM 

 

For 2004, the first results show a total consumption of 3,540 kt of aggregates on the MPM level, and 
a local production (4,030 kt) on a same level. The total maximum capacity on MPM (with 10 sites 
authorized to extract and set by prefectural authorization) amounts to 8,405 kt (nearly 43% of the 
global capacity of extraction on the departmental level). So the MPM is in excendent in terms of 
materials  producted and exports to neighboring territories (0.49 kt). 

Limestone is the main geological resource extracted through the 10 quarries on the territory of 
MPM, to cover, by 8 of them, the construction industry needs on Marseille, Aubagne and Aix-en-
Provence and by 2 of them on Chateauneuf les Martigues, the production of lime for an industrial 
use outside the MPM area.  

At the department level, the consumption amounts to 900 kt. For MPM, the annual consumption of 
these specific aggregates has been estimated to 470 kt, using a ratio of population between MPM 
and the department. The origin of these materials has not been identified. 

The non-metallic material inputs are very important in the final balance of materials used per capita 

(21.25 kg/cap/day), especially from lime, concrete and asphalt production. This value is very close to 

Lisbon’s and Aveiro’s values (Niza et al. 2009). The Commissioner General for Sustainable 

Development in France has also estimated the interior consumption of materials and shown the 

weight of construction materials (nearly 19.6 kg/cap/day) in the national total consumption in 2007 
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(French General Commission of Sustainable Development, 2010). They have also shown that indirect 

flows (or hidden flows) were low for flows of non-metal construction materials but much larger for 

metallic materials for construction (due in particular to upstream phases of mining). It’s important to 

note the risk of double counting (for example with aggregates destined to concrete production 

versus the cement consumption, where lime is used in process). The other construction materials are 

lower in terms of weight (only 1.53 kg/cap/day), due to steel consumption, wood (for plywood, 

lumber, etc.) and glass. 

 

Others products input 

The main other products considered are listed below (French General Commission of Sustainable 
Development, 2010), which are mainly for packaging application: 

 Paper: 137,795 t 

 Plastic materials: 22,017 t 

 Cardboard: 15,184 t 

 Aluminum: 9,870 t 
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Outputs 

Air emissions 

Greenhouse gas (GHG) emissions were evaluated from different sources of database, available on 
territory: 

 A database operated by the regional observatory Energ'Air and IREP (for industrial plants 
classified in the territory, subject to emissions reporting or quota). The base year for the 
database Energ'air is 2007. 

 Some other document could be considered to evaluate specific contributions in terms of 
GHG emissions on the territory, through different “Bilan Carbone” (French methodology for 
GHG assessment): 

o The “Bilan Carbone” of SERAM (SERAM, 2010), which operate water facilities in MPM 
scale (network and wastewater treatment plants).  

o The “Bilan Carbone” of the MPM (MPM, 2011) which includes a larger scope of GHG 
emissions  sources.  

o The “Bilan Carbone” of Port of Marseille(Climeport, 2011), especially about the 
emissions generated on the site of Marseille “basin Est”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 – MPM GHG emissions in 2007  

 

Database operated by the regional observatory Energ'Air and IREP (for industrial plants classified 
in the territory, subject to emissions reporting or quota), the base year is 2007: 
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Four greenhouse gases are considered in this assessment: CO2, CH4, N2O and CO2nc. It’s important to 
note the difference between CO2 (induced) and CO2nc (non recordable):  

• Induced CO2: CO2 emissions from fossil-induced final energy consumption used for balance 
climate/GHG. The CO2 content of electricity is based on its use, in accordance with the 
concept note of the ADEME. The CO2 content of the heat delivered is calculated on a case by 
case. 

• CO2 nc ("non-recordable"): it includes CO2 emissions from biomass (wood waste assimilated 
from organic household waste) and the CO2 produced during processing energy operation 
(thermal, cogeneration, district heating ...). This has given an indicative value of actual 
emissions over a territory.  

 

Table 6 – MPM greenhouse gases emissions in 2007 in different sectors, by tons/an (adapted from Energ’Air PACA) 

 

 

 

 

 

CO2 is the gas most strongly expressed in the territory of MPM (97%, with 5,667 kt/year induced). 
There is little CH4 and N2O emissions in the territory, however, it should be noted that CH4 has a 
Global Warming Potential (GWP) 23 times that of CO2. The emissions of N2O are logically low due to 
the primarily urban character of the territory and the absence of large agricultural fertilizer 
consuming. By using Global Warming Potential (GWP), it’s possible to “translate” the emissions of 
CH4 (GWP=23) and N2O (GWP=296) in CO2. 

 

Activity Fuel CO2 induced t/an CH4 t/an N2O t/an CO2 nc t/an
industry Electricity 63 575 0 0 0

industry natural gas 1 138 091 66.711 41.375 17 371

industry petroleum products 162 101 6.941 4.061 1552

industry Solid mineral fuels (and derivatives) 325 771 5.574 9.313 0

industry Biomass and waste related 0 1.242 0.848 29 662

industry other fuels 424 183 16.928 9.624 0

agriculture Electricity 242 0 0 0

agriculture natural gas 3 224 0.339 0.141 0

agriculture petroleum products 1 326 0.401 0.227 0

residential Electricity 196 854 0 0 0

residential natural gas 685 969 72.207 30.086 0

residential petroleum products 144 032 4.999 3.379 0

residential solar thermal 0 0 0 0

residential Heat and Cold 10 912 0 0 0

residential Biomass and waste related 0 267.308 3.564 81 974

tertiary Electricity 148 398 0 0 0

tertiary natural gas 201 996 21.263 8.859 4 893

tertiary petroleum products 106 045 2.795 2.314 0

tertiary solar thermal 0 0 0 0

tertiary Biomass and waste related 0 44.747 0.597 13 722

transport Electricity 2 168 0 0

transport petroleum products 1 319 484 128.255 41.783

transport other fuels 732 845 37.731 0

5 667 221 677 156 149 177

15,571 teq 

CO2 

46,176 teq 

CO2 

5,878 k teq CO2 
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Expressed per capita, the total CO2 emissions amount is 5.66 tons/year/capita. The national average 
in 2007 was 5.8 t/year/capita, where emissions are calculated from fuel combustion only and using 
IEA's energy balances and Revised 1996 IPCC Guidelines (IEA, 2009). 

The two main emitting sectors are industry (37%, with 2,183 kt) and transport (35%, with 2,071 kt), 
followed by the residential sector (19%, with 1,139 kt) and the tertiary sector (8%, with 479 kt). The 
agricultural sector contributes very little to CO2emissions in the territory of MPM (less than 1%, with 
4.9 kt only). By combining these data with the statements listed on pollution of the territory (based 
IREP, 2007), it is possible to identify the seven major industrial emitters of CO2 in the territory. A 
manufacturer, whose business is oil and gas refining, is the largest contributor (66%) of CO2 
emissions in the industrial sector. The other activities concerned are chemicals and special chemicals, 
mineral industries (40% of total CO2 emissions industrial) and waste treatment. 

In general, the electricity consumed in the territory produces very low amounts of CO2 (411 kt), due 
to the characteristic of French production, mainly resulting from the nuclear industry. Reduced in 
relation to electricity consumption in the territory, this amounts to a carbon content of 27.4 kg 
CO2/kWh.  

 

Others sources considered to evaluate specific contributions in terms of GHG emissions on the 
territory, through different “Bilan Carbone” (French methodology for GHG assessment): 

 The “Bilan Carbone” of SERAM, which operate water facilities in MPM scale (network and 
wastewater treatment plants). Full document not available online, just a global vision of main 
sources of GHG emissions available. The global impact (a low contribution on territory, less of 
0,5% of global GHG emissions of MPM) was evaluated at 36,483 teqCO2 with 78% coming 
from 3 main sources: 14,581 teqCO2 from Energy using, 9,377 teqCO2 from inputs (products 
used for treatment process), 4,209 teqCO2 from different work trips. 
 

 The “Bilan Carbone” of the MPM (2011) which includes a larger scope of GHG emissions  
sources (power plants, industrial process, residential and tertiary sectors, agricultural and 
fishery sector, transport, end of life for waste, food, etc.) amounts a global impact of 9,136 
kteq CO2., including: 

o Industrial sector: 2,300 kteq CO2 
o Agricultural sector: 12 kteq CO2 
o Residential sector: 1,369 kteq CO2 
o Tertiary sector: 815 kteq CO2 
o Transport sector: 2,541 kteq CO2 
o Others emissions sources considered and not taken into account by Energ’Air 

(construction, end of life of products, food and drinks, public buildings and services, 
etc.): 2,100 kteq CO2 

 The “Bilan Carbone” of GPMM (Port of Marseille), amounts a global impact of 304 kteq CO2., 

but there is a limit to use this result because it considered the global perimeter of the Port 
Authority of Marseille, including Fos scale (the biggest contributor in the total of emissions) 
and not only the emissions generated on the site of Marseille “basin Est”, in the scale of 
MPM. 

 The inventory of gas emissions of MPM by the Air PACA institute, which amounts a total of 
4,680 kteq CO2. 
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Table 6 – Comparison of results in kteq CO2 between sources (Energ’Air and MPM report) 

 Sources 

Sector: From Energ’air From “Bilan Carbone” 
of the MPM 

From Air Paca 

Industry 2,183 2,300 1,919 

Agriculture 5 12 NC 

Residential 1,139 1,369 
1,030 

Tertiary  479 815 

Transport 2,071 2,541 1,778 

Others sources 
considered 

NC 2,100 (construction, end of 

life of products, food and 
drinks, public buildings and 

services, etc) 

NC 

Total 5,878 9,136 4,680 

 

 

Others emissions (from Air Paca, 2010): 

Table 7 – Emissions for MPM in 2009 (from Air Paca, 2010) 

 Gas emissions in kt 
 

 NOx PM10 CO SO2 NMVOC 

Sector:      
Industry 2 0.94 0.44 7.1 5.46 

Agriculture 0.00 0.04 0.00 0.00 1.82 

Residential 

1 0.32 5.94 0.2 2.99 
Tertiary  

Transport 8 0.68 15.4 2.7 2.86 

Total 11 2 22 10 13 
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Wastewater output 

 

 

 

 

 

 

 

 

 

Figure 10 – MPM waste water outputs 

MPM has its own collection units (2,525 km of sewerage network, sewerage, collectors, and 
messengers) and treatment of wastewater (10 wastewater treatment plants, as shown in Figure 11) 
generated in the territory, for the sectors of housing, commercial, tourism and industrial discharges.  

MPM has a processing capacity of 2.1 million equivalent inhabitants (including the flows from 
tourism and industrial). The main processing equipment is located in Marseille (the Géolide). This is 
the largest groundwater treatment plant in the world, dealing with the flow of water from 16 
municipalities (of MPM) for a volume of 1.86 million population equivalent.  

Sewerage systems of MPM collect, transport and process effluents a total of 28 municipalities 

Ten municipalities, located outside the MPM area are connected to the sewage treatment plant of 
Marseille (ie: part of the common Pennes Mirabeau (the Gavotte district)) for the Community 
Agglomeration of the Aix-en-Provence, and the most common of the Valley of Huveaune with nine 
municipalities in the Urban Community of Pays d'Aubagne and of the Star, is Aubagne, La Penne sur 
Huveaune Roquevaire, Belcodène, The Bouilladisse, St. Savournin, Cadolive, Peypin and Auriol. So, in 
terms of territorial metabolism, this is a flow imported into the territory of by-products of adjacent 
lands. 
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Figure 11 – Wastewater treatment plants in MPM, 2012 

The discharge areas of treated water are the Mediterranean Sea and the Etang de Berre. As the 
organizing authority of public services of water and sanitation, MPM through its Department of 
Water and Sanitation manages: 

 2 control (« Régies » in French) on utilities and Sanitation for Plan-de-Cuques and Gémenos 

 32 contracts of delegation of public services for the Water and Sanitation for other 
municipalities. 

The volume of wastewater treated locally amounts to 92,238 ,000 m3. 

Table 7 – Details of process wastewater and volumes (adapted from MPM report, 2010). 

 

*BA: activated sludge; BIO: biological treatment process; PC, Physico-chemical treatment process 
PC/BIO: physico-chemical and biological treatment processes  

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatment plants Process

Maximum capacity 

(population equivalent 

DBOS)

Yield (%)

Processed 

volume in 

m3

Tonnage of 

sludge 

generated 

(dry mass)

Carry-le Rouet/Sausset BA 26 000 97,8 1 194 619 279

Cassis BIO 25 000 97 722 899 188

Châteauneuf-les-Martigues BA 16 000 99,2 692 517 186

Ensuès-la-Redonne membrane 4 500 99,4 150 825 43

La Ciotat/Ceyreste PC/BIO 94 835 97,2 2 481 111 975

Le Frioul PC/BIO 2 000 91 26 280 12

Marignane BA 70 000 98,1 3 896 315 956

Marseille PC/BIO 1 860 000 95,2 82 747 300 22 708

Niolon PC 1 500 92,9 31 738 33

Roquefort-la-Bédoule BA 6 000 99 294 969 71

Total 2 105 835 92 238 573 25 452

DBO5) 
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The report of water and sanitation activities of the MPM for 2010 shows a total volume of 
76,452,000 m3 per year. The wastewater flows coming from outside the country (import) should 
approach the 15 million m3. The wastewater produced by industrial sector is 8.383 Mm3/year 
(GEREP, 2010). 

 

Solid waste outputs 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Solid waste outputs of MPM 

For this group outputs, the team-project has decided to record the following flows: 

 Domestic wastes and similar; 

 Industrial hazardous and non hazardous wastes (including sludges); 

 Municipal sewage sludges; 

 Construction and demolition wastes;  

 Agricultural wastes. 

Domestic wastes and similar 

The data come mainly from MPM (MPM 2011a). They have been consolidated or completed with  
MSW treatment plant data (EVERE, 2013), and compared to departmental (CG 13, which drives a 
departmental plan for waste management (CG13, 2006) and national data (French environmental 
agency (ADEME, 2012; iREP, 2012). Table 8 shows the end of life of MSW. 

 

Table 8 – MSW  production and end of life on MPM   

Municipal solid waste 2008 2009 2010 
Recycled wastes 189,662 196,212 188,582 

Disposed wastes 500,439  464,687  131,246 

Exported 439,287  415,085 48,028  

Inside 55,351 44,468 42,135  

Solid waste outputs 

 Domestic wastes and similar 

 Industrial hazardous wastes 
(including sludges) 

 Industrial non hazardous 
wastes 

 Municipal sewage sludge  

 Construction and demolition 
wastes 

 Agricultural wastes 

Water inputs 

Food and 

drinks inputs 

Wastewater 

outputs 

Energy inputs 

Aggregates 

Air 

emissions 

 

 

MPM area 
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Not specified 5,801 4,193 0 

Municipal waste treatment 
plant 

  369,313 

To landfill after selection   55 000**  

- Incinerated wastes 0 27,884  
26,971*  

291,012** (including 
4,976 tons of sludges) 

- BRS and Methanized 
wastes 

  30,326** 

Total 690,101 689,283 689,241 

*iREP data source 
** Evere data, provisory data 

On 2010, the territory of MPM produced 689 kt of Municipal Solid Waste (MSW), nearly 656 
kg/cap/year, including 120 276 tons of professional wastes collected by platform (garden wastes, 
demolition wastes, cardboards,…). That explains the difference with the national ratio (354 
kg/cap/year) which is only for the domestic waste. The status of these professional wastes must be 
discussed in order to compare the results of MPM with other towns. 

Figure 13 presents the detailed MSW management system of MP, mainly based on the data of MPM 
for 2010 (MPM, 2011). 

 

 

 

Figure 13 – MSW metabolism on MPM area (adapted from MPM report, 2010) 

Domestic waste 436 898 tons

•Residual domestic waste : 433 807 t
•Bulky waste: 3 091 t

Selective waste
collection 
34 322 tons

18 waste collection
Centers

107 333 tons

2 platform to collect

120 276 tons

Garden wastes 22 716 t

Demolition waste 42 972 t

Cardboard 1 516 t

Metals 3 083 t

Wood 11 194 t

Oils 76 t

Battery 9 t

WEEE 614 t

Tires 24 t

Big bulky waste 24 266 t

Landfill :131 246 tons  

Waste treatment
equipment of Fos

371 976 tons

Valorisation center
188 582 tons

Garden wastes 13 004 t

Demolition waste 49 908 t

Big bulky waste 56 729 t

Landfill of Septemes les vallons
5 489 t

Landfill of Le Mantaure La Ciotat:
36 646 t 

Landfill of La Crau (closed 
since 2010) : 36 593 t

Landfill of Cadenaux: 
11 435 t

343 826t

36 593 t

Waste sorting center 
23 268 tons

Collection by "door to door" 
11 531 t 

Specific collection of paper: 960 t

Collection by “VCP - voluntary 
contribution point"): 21 831 t

•VCP (glass): 10 094 t
•VCP (paper): 5 413 t
•VCP (packaging): 2 330 t
•VCP (biflux): 3 994 t

From selective collect: 29 028 t
•From « door to door: » 8 113 t
•From Specific collection of paper: 960 t
•From VCP (glass): 10 094 t
•From VCP (paper): 5 413 t
•From VCP (packaging): 1 640 t
•From VCP (biflux): 2 810 t

Valorised from collection centers and specific 
collect: 77 015 t

• garden waste: 21 353 t
• demolition waste: 39 534 t
• cardboard: 1 425 t
• metals : 2 806 t
• wood: 10 970 t
• oils: 76 t
• battery: 7 t
• WEEE: 614 t
• tires: 24 t

Valorised from platforms: 82 539 t

10 094 t (glass)

11 531 t

8 113 t

960 t

960 t

11 737 t

9 863 t

5 292 t
From « door to door: » 3 418 t
From VCP (packaging): 690 t
From VCP (biflux): 1 184 t

56 479 t
(outside La Crau)

24 266 t
(outside La Crau)

15 458 t
(water evaporation)

DASRI  28 t

28 t

82 204 t 5 024 t

1 000 t
(water 
evaporation)

Cardboard 635 t

28 150t

M
P

M
 a

re
a

Others (no available data): 40 000 t 

2 562 t

4 996 t
(sludges from Marseille 

treatment plant)

Ashes: 64 606 t

Metals
from
ashes
3 211 t

Dust from gas
treatment
11 630 t
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On the basis of 689 kt of MSW produced on the MPM area, 19% goes to landfill (located inside and 
outside MPM territory), 54% go to the Waste treatment equipment of Fos (incineration and 
methanisation biomass treatment) and 27% of flows collected are recycled. There’s no local 
characterization about domestic waste (% of organic matter, glass, incombustibles). The only 
information about that comes from ADEME, on a national level.  

Industrial hazardous and non hazardous wastes  

Data come from GEREP basis but only for the biggest industry on the territory (GEREP, 2011). With 
these data, for 2010, there are around 23 000 tons of hazardous wastes and 163 000 tons of others 
wastes (including the municipal sludges, see below). 

Municipal sewage sludge 

Data come from MPM (MPM, 2011b) and Water Agency website (RMC, 2012). The treatment activity 
(operated through 10 treatment plants) leads to 25 000 tones of sewage sludge production (dry 
mass), as shown in the following table. 

 

Table 9 – Details of process wastewater and volumes in 2010 (adapted from MPM 2011b)  

 

*BA: activated sludge; BIO: biological treatment process; PC, Physico-chemical treatment process 
PC/BIO: physico-chemical and biological treatment processes  

 

As shown on the following figure, there are different destinations for sludges on the territory. Niolon 
and Frioul WWTPs send their sludge to landfill (specific data non available for these destinations). 
Regarding the WWTP of Marseille, sludges (SERAM, 2010) are gathered in an intermediate site 
(Sormiou, outside the urban area). In this site, sludge is anaerobicaly treated with production of 
biogas which is valorized in internal process to ensure the plant operation. 50 % of the organic 
matter is degraded in this step. Then, a dehydration of sludges with centrifugation and a drying of 
sludges prior of their valorization (by incineration) is realised. Another way can occurs with a 
chemical treatment of sludges (lime) prior of their valorization by composting for an agricultural use.  

Regarding the other treatment plants (Cassis, La Ciotat, Roquefort, Carry, Ensues, Chateauneuf and 
Marignane), all the sludge are sent to the composting center (its localization is not specified, inside or 
outside the MPM area). 
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Figure 14 – Sludge treatment in and outside territory of MPM, 2010 

Composting is the most common way of valorization, followed by the incineration in the Waste 
treatment center of Fos-sur-Mer. Disposal represents a low tonnage of the total of sludge produced. 
The SERAM company (which manages the treatment plants of MPM) indicates that the anaerobic 
process of Sormiou reduce 50 % of organic matter to produce biogas. It could explain the difference 
between the tonnage in input (22,708 t) and the solid output in Sormiou (11,426t) and correspond of 
the water evaporation and the biogas emissions. 

Construction and demolition wastes 

It seems that a lot of inert waste is directly recycled in the territory. The road construction sector 
produces 2,700 kt/year and reuses directly on site 1,350 kt/year and 450 kt/year from others site. 
The building sector produces 500 kt/year of waste by demolition. Quarries reuse by recycling 450 
kt/year and use 500 kt/year for the rehabilitation of sites. So these different re-uses show a part (450 
kt/year) not yet recycled on the territory (DRIRE, 2007). 

Another source (departmental prospective study, 2010) shows that 821,008 tons of waste come from 
building deconstruction (departemental scale) and 3,284,030 tons come from civil engineering. For 
MPM, the production of construction and demolition waste is considered approximately 2,175,442 
tons in 2010. 

 

Treatment plant of Cassis

Treatment plant of La Ciotat

Treatment plant of Roquefort

Treatment plant of Carry

Treatment plant of Ensues

Treatment plant of 
Chateauneuf

Treatment plant of Marignane 
/ La Palun

Treatment plant of Niolon

Treatment plant of Frioul

Treatment plant of Marseille 

Landfill : 1 610 t  

Waste treatment
equipment of Fos 

(incineration)
4 996 t

Landfill of Septemes les 
vallons

Landfill of Le Mantaure La 
Ciotat

Landfill of La Crau

Landfill of Cadenaux

Sludge treatment
(intermediate site of 

Sormiou)

4 996 t

Water evaporation

MPM area

Others

Waste treatment equipment
(composting)

6 329 t

22 708 t

188 t

975 t

71 t

279 t

43 t

186 t

956 t

+ lime

4 865 t

2 698 t

1 565 t

33 t

12 t

Gas emissions (CH4, 
ammoniac, CO2, etc.)

11 282 t
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Agricultural wastes 

MPM is an urban territory with just a few of agricultural units (177 farms), which have decreased 
since 1990. In 2000, this sector only represented 1% of employment in PACA region and only 2% of 
the territory is used by the agricultural sector. Between 2000 and 2010, the agricultural area has 
decreased by 52% because of the impact of urban pressure. In 2010, the surface used by the 
agricultural sector was reduced to 1,026 ha. Thanks to the Chamber of Agriculture of the Bouches-
du-Rhône and Agreste website (Agreste, 2009), we can identify different components used by this 
sector and output for 2010: 

 For vegetable crops, 3 types of waste appear particularly in the category of used agricultural 
plastic flow: 

o mulching: 31.26 t/year 
o dropwise: 10.75 t/year 
o sheeting greenhouses: 25.68 t/year 

 For empty packagings of phyto products (EVPP), fertilizers (EVPF) and Plant Protection 
Products Not Used (PPNU), evaluation is more complicated, only based on ADIVALOR which 
comes from national averages for all segments combined. On MPM territory (considering 177 
farms in 2010), that represents : 

o EVPP: 3.54 t  
o EVPF: 11.505 t  
o PPNU: 7.965 t 

For non-urban organic waste and byproducts of IAA (food industry), only horse manure and waste 
wood seem just relevant but the data information are not easily available.  

In 2010, the territory of MPM had a herd of 1,337 farmed animals (29 cattle, 555 sheep and 753 
goats). It is important to note that the overall herd animals reared on the territory of MPM was 
almost divided by 2 between 2000 and 2010 (Agreste, 2009). 

 The French administration (CORPEN, 2007) has adopted the principle of value nitrogen (N) 
rejection average for a cow, irrespective of the feeding mode and the level of milk 
production. This value was set at 85 kg of nitrogen per year per cow, which represent for 
MPM territory an output of 2.465 t of nitrogen per year, just for the breeding cows. 

 In terms of methane emissions (CH4), it is possible to evaluate the emissions for the different 
animals on MPM territory by using the CORPEN data (2006), which represent a total of 
3.4t/year by cows, 4.1t/year by sheep and 9 t/year by goats. 
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MPM metabolism – general overview 

Within the available data, a first overview of global metabolism of MPM can be performed, in order 

to show (per capita and per day, for a better cross analysis with Aveiro results) the consumption 

(inputs, as show in Table 10 of energy, water, food and drinks and aggregates and the production 

(outputs, as shown in Table 11) in terms of air emissions, wastewater and solid waste. 

Table 10 – Global inputs considered for MPM’s metabolism 

Input Unit Residential 
use 

Transport Commerce 
and 

services 

Agriculture, 
forestry 

and fishing 

Industrial 
use 

Total 

Energy koe/cap/day 2.4 1.73 1.54 0.01 2.69 8.38 
Oil products koe/cap/day 0.124 1.70 0.09 0.001 1.591 3.51 

Electricity  koe/cap/day 1.465 0.004 1.216 0.004 0.671 3.36 
Natural gas koe/cap/day 0.752  0.221 0.003 0.402 1.378 

Biomass  koe/cap/day 0.056  0.009  0.072 0.137 
Solar thermal koe/cap/day 0.000  0.000   0.000 

Biofuels  koe/cap/day      0 
Heat  koe/cap/day 0.012     0.012 
Coal  koe/cap/day      0 

        

Water Kg/cap/day 175.49  38.79 2.86 24.11 241.25 
        

Food  Kg/cap/day 1.217     1.217 
Bread and 

related products  
Kg/cap/day 0.101     0.142 

Cereals for 
breakfast 

Kg/cap/day 0.007     0.007 

Pasta Kg/cap/day 0.039     0.039 
Rice and wheat 

grains  
Kg/cap/day 0.024     0.024 

Other cereals Kg/cap/day 0.000     0.000 
Bakeries  Kg/cap/day 0.013     0.013 

Biscuits and 
cookies 

Kg/cap/day 0.011     0.011 

Pastries Kg/cap/day 0.037     0.037 
Milk Kg/cap/day 0.108     0.108 

Fresh dairy 
products 

Kg/cap/day 0.080     0.080 

Cheese Kg/cap/day 0.030     0.030 
Eggs and related Kg/cap/day 0.014     0.014 

Butter Kg/cap/day 0.010     0.010 
Oils Kg/cap/day 0.010     0.010 

Margarine Kg/cap/day 0.004     0.004 
Other fats Kg/cap/day 0.000     0.000 

Meat  Kg/cap/day 0.047     0.047 
Poultry and game Kg/cap/day 0.029     0.029 

Giblets Kg/cap/day 0.002     0.002 
Delicatessen Kg/cap/day 0.032     0.032 

Fishs Kg/cap/day 0.024     0.024 
Crustaceans and 

molluscs 
Kg/cap/day 0.004     0.004 

Vegetables 
(excluding 
potatoes) 

Kg/cap/day 0.124     0.124 
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Potatoes and 
related 

Kg/cap/day 0.057     0.057 

Dried vegetables Kg/cap/day 0.009     0.009 
Fruits  Kg/cap/day 0.126     0.126 

Dry fruits and 
oliseeds 

Kg/cap/day 0.002     0.002 

Ice cream and 
frozen desserts 

Kg/cap/day 0.009     0.009 

Chocolate  Kg/cap/day 0.007     0.007 
Sugars and 
derivatives 

Kg/cap/day 0.018     0.018 

Pizza, quiches 
and savory 

pastries 

Kg/cap/day 0.022     0.022 

Sandwiches, 
snacks 

Kg/cap/day 0.016     0.016 

Soups and broths Kg/cap/day 0.075     0.075 
Mixed dishes Kg/cap/day 0.066     0.066 

Desserts, 
desserts and 
gelified milk 

Kg/cap/day 0.026     0.026 

Compotes and 
stewed fruits 

Kg/cap/day 0.014     0.014 

Condiments and 
sauces 

Kg/cap/day 0.018     0.018 

Foods for 
particular 

nutritional uses 

Kg/cap/day 0.002     0.002 

        

Drinks* Kg/cap/day 1.283     1.283 
Water Kg/cap/day 0.714     0.714 

Soft drinks 
without alcohol 

Kg/cap/day 0.153     0.153 

Alcoholic 
beverages 

Kg/cap/day 0.118     0.118 

Coffee  Kg/cap/day 0.194     0.194 
Other hot drinks Kg/cap/day 0.104     0.104 

        

Construction 
materials 

Kg/cap/day      22.78 

Aggregate  
-for lime 

- for concrete 

- for asphalt 

- others 

Kg/cap/day      20 
9.26 
6.6 
2.2 

1.94 

Cement Kg/cap/day      0.983 
Brick, tiles Kg/cap/day      0.137 

Asphalt Kg/cap/day      0.130 
Plaster Kg/cap/day      0.0001 
Other 

construction 
materials 

Kg/cap/day      1.53 

Steel  
-from French 

industry 
- from foreigner 

country 

Kg/cap/day      0.602 
0.239 

0.362 

Lumber and Kg/cap/day      0.592 
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derivatives 
(plywood, lumber 

and ties) 
Glass  Kg/cap/day      0.137 

Polypropylen (for 
tubes) 

Kg/cap/day      0.044 

Paints and 
varnishes 

Kg/cap/day      0.041 

PVC Kg/cap/day      0.031 
Polyethylen low 

density  
Kg/cap/day      0.030 

Glues and 
adhesives 

Kg/cap/day      0.023 

Aluminium Kg/cap/day      0.011 
Sealants and 

coatings 
Kg/cap/day      0.008 

Inks  Kg/cap/day      0.004 
Polyethylen high 

density 
Kg/cap/day      0.004 

        

Other 
products 

Kg/cap/day      0.491 

Paper for print 
writing (including 

newspapers) 

Kg/cap/day      0.173 

Paper for 
packaging 

Kg/cap/day      0.155 

Cardboard  Kg/cap/day      0.040 
Hygiene paper Kg/cap/day      0.035 

Polyethylen low 
density 

Kg/cap/day      0.034 

Aluminium Kg/cap/day      0.026 
Polyethylen high 

density 
Kg/cap/day      0.024 

Textiles (fibers, 
etc.) 

Kg/cap/day      0.004 

*We consider for water or milk and drinks 1L is equal to 1kg 
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Table 11 – Global outputs considered for MPM’s metabolism 

Output Unit Residential 
use 

Transport Commerce 
and 

services 

Agriculture, 
forestry and 

fishing 

Industrial 
use 

Total 

CO2 kg/cap/da
y 

2.93 5.37 1.24 0.01 5.66 15.21 

Oil products kg/cap/day 0.377 3.452 0.277 0.003 0.428 4.54 
Electricity  kg/cap/day 0.515 0.006 0.388 0.001 0.166 1.08 

Natural gas kg/cap/day 1.794  0.541 0.008 3.023 5.37 
Biomass  kg/cap/day 0.214  0.036  0.078 0.33 

Solar thermal kg/cap/day 0  0   0 
Solid mineral 

fuels  
kg/cap/day     0.852 0.85 

Other fuels kg/cap/day  1.917   1.110 3.03 
Heat and coal kg/cap/day 0.028     0.03 

Respiration kg/cap/day 0.76     0.76 
        

Other 
emissions  

kg/cap/da
y 

0.0291 0.0775 0.0002 0.005 0.038 0.1498 

SOx   kg/cap/day 0.000 0.007 0.000 0.000 0.0215 0.0285 
NOx  Kg/cap/day 0.003 0.021  0.000 0.0054 0.0294 
NH3      0.0003 0.0003 

NMVOC Kg/cap/day 0.008 0.007  0.005 0.0024 0.0224 
CO  Kg/cap/day 0.016 0.040  0.000 0.006 0.062 

PM10 Kg/cap/day 0.001 0.002  0.000 0.002 0.005 
Pb Kg/cap/day     0 0 
Cd Kg/cap/day     0 0 
Hg Kg/cap/day     0 0 

CH4 Kg/cap/day 0.001 0.0004 0.0002 0.000002 0.0002 0.002 
N2O Kg/cap/day 0.0001 0.0001 0.00003 0 0.0002 0.0003 

        

Wastewater*  Kg/cap/da
y 

201.66    22.11 223.77 

Wastewater  Kg/cap/day 201.59    22.11 223.70 
Organic matter 

(BOD) 
Kg/cap/day      0.003 

Nitrogen Kg/cap/day 0.0034    0.0002 0.0036 
Phosphorus Kg/cap/day 0.0004    0 0.0005 
Sludge (wet) Kg/cap/day 0.067     0.067 

        

Solid waste Kg/cap/da
y 

7.539   0.0002  7.54 

Waste disposal in 
landfill ** 

Kg/cap/day 0.343     0.343 

Recycled waste 
** 

Kg/cap/day 0.493     0.493 

Waste to 
energy** 

Kg/cap/day 0.973     0.973 

Construction and 
demolition waste 

Kg/cap/day 5.73     5.73 

Agricultural 
waste 

Kg/cap/day    0.0002  0.0002 

*We consider for wastewater 1L is equal to 1kg.  

** Only managed by MPM, without considering the construction and demolition waste and agricultural waste 
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Figure 15 – MPM’s simplified metabolism for sectors 

The total amount of considered inputs was 275.4 kg/cap/day. Each day, water flow constitutes the 

major share of inputs (88%), followed by construction materials (8%) and energy (3%). Food and 

drinks are the smallest flows (less of 1%).  

The total amount of considered outputs had a total estimated weight of 246.67 kg/cap/day. 

Wastewater still had the highest share (91%), followed by air emissions (6%) and solid waste (3%).  
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It's important to note that: 

 Aggregates (in input) don't include the asphalt for road construction that could be a big 

contributor in terms of input in weight. 

 Wastewater flow (in output) includes all using 

 Water losses (from the drinking water system’s distribution) were not considered in the 

accumulation in territory 

 

 

Figure 16 – Global overview of MPM metabolism 

 

On this basis, the global overview of metabolism shows a net accumulation (stock creation) of 28.73 
kg.cap/day on MPM area. 

  

ENERGY
8.38 koe/cap/day

MARSEILLE PROVENCE 
METROPOLE
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Economic Input-Output Analysis 

Methodology 

The French economic IO table (data for the year 2005) is provided by the OECD. It is composed of 38 

economic sectors, as shown (for a part) in Table 12. 

Table 12 – Classification table of categories for Input-Output Analysis, from OECD (2012) 

 

 

 

CLASSIFICATION TABLE FOR OECD INPUT-OUTPUT TABLES 

No Description ISIC Rev 3 Codes 

1 Agriculture,  forestry and fishing 1, 2, 5 

2 Mining and quarrying 10, 11, 12 

3 Food, beverages and tobacco 15, 16, 17 

4 Textiles, apparel and leather 18, 19, 

5 Wood and products of wood and cork 20 

6 Paper, paper products and printing  21,22 

7 Petroleum, coke and nuclear fuel  23 

8 Chemicals ex pharmaceuticals 24 ex 2423 

9 Pharmaceutical  2423 

10 Rubber and plastics 25 

11 Other non metallic mineral products 26  

12 Iron and Steel  2710, 2731 

13 Non-Ferrous Metals 2720, 2732 

14 Fabricated Metal products 28 

15 Machinery & equipment N.E.C. 29 

16 Office and computing machinery 30 

17 Electrical machinery and apparatus N.E.C. 31 

18 Radio, television and communication equipment 32 

19 Medical, precision and optical instruments 33 

20 Motor vehicles & trailers  34 

21 Building & repairing of ships & boats 351 

22 Aircraft & spacecraft 353 

23 Other transport equipment 352, 359 

24 Manufacturing N.E.C; recycling 36, 37 

25 Electricity gas and water 40, 41 

26 Construction 45 

27 Wholesale and retail trade; Repairs 50, 51, 52 

28 Hotels and restaurants 55 

29 Transport and storage 60, 61, 62, 63 

30 Post and telecommunications 64 

31 Finance and insurance 65, 66, 67 

32 Real estate renting and other business services 70, 71, 74 

33 Computer services 72 

34 Research and development 73 

35 Public administration 75 

36 Education 80 

37 Health and social work 85 

38 Other services 90,91,92,93,95,99 

39 Sales by final demand, other, and statistical discrepancy  
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The methodology followed to exploit these data was the same that was implemented in Aveiro 

(Diogo Lemos thesis, 2011), given by Faculty of Washington (2011). It describes, among others, the 

following IO equations: 

X - AX = Y  (1) 

(I - A)X = Y  (2) 

X = (I - A)-1 Y  (3) 

Where: 

X = column vector of industrial gross output 

Y = column vector of final demand 

A = matrix of coefficients that indicate the amount of one economic sector product needed to 
produce one unit of another economic sector product 

I = Identity matrix (matrix with "1" in the diagonal, "0" in all other fields) 

(I-A)-1 = "Leontief Inverse (Matrix)" 

 

The IO table shows the amount of money paid for each economic sector (lines) to manufacture the 

products of the other sectors (columns). The “inverse Leontief” or the matrix (I – A )-1 is provided 

online by OECD website.  

Table 13 – Input Output grid for France and Inverse Leontieff matrix (from OECD, 2012) 
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Results  

Then we can multiply this “inverse Leontief” matrix by the final national consumption of different 
products (provided by INSEE, 2009), to find the gross output needed to supply this national demand.  

Table 14 – Final consumption in France 

Type of economic sector Consumption 
 (€ per cap. and per year) 

Food products, beverages and tobacco 1,261 

Textiles, textile products, leather and footwear 371 

Wood and products of wood and cork 14 

Pulp, paper, paper products, printing and publishing 156 

Pharmaceuticals - 

Machinery and equipment, nec 95 

Electrical machinery and apparatus, nec 61 

Radio, television and communication equipment 76 

Motor vehicles, trailers and semi-trailers 590 

Manufacturing nec; recycling (include furniture) 234 

Production, collection and distribution of electricity - 

Manufacture of gas; distribution of gaseous fuels through 
mains 

- 

Collection, purification and distribution of water - 

Construction 149 

Hotels and restaurants 877 

Land transport; transport via pipelines (with air transport) 501 

Post and telecommunications 345 

Finance and insurance 681 

Education  141 

Health and social work 586 

Other community, social and personal services 675 

Note: population in France considered is 61.7 millions inhabitants 

This previous table has been presented to facilitate the comparison with Aveiro’s table. However, we 
can complete this table with other sectors from OECD statistics (2005), as shown in following table. 
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Table 15 – Others components studied for final consumption in France  

Type of economic sector Consumption 
 (€ per cap. and per year) 

Agriculture, hunting, forestry and fishing 339 

Mining and quarrying  3 

Coke, refined petroleum products and nuclear fuel 303 

Chemicals excluding pharmaceuticals, Rubber & plastics 
products 

271 

Other non-metallic mineral products 36 

Iron & steel, non-ferrous metals 2 

Fabricated metal products, except machinery & equipment 38 

Office, accounting & computing machinery (with Electrical 
machinery & apparatus, nec and Medical, precision & 
optical instruments) 

102 

Production, collection and distribution of electricity, 
Manufacture of gas; distribution of gaseous fuels through 
mains, Steam and hot water supply 

- 

Wholesale & retail trade; repairs 2 359 

Finance & insurance, Real estate activities 3 472 

Renting of machinery & equipment 41 

Research & development 2 

Other Business Activities, Computer & related activities 150 

Public admin. & defense; compulsory social security 76 

The General Commissary for Sustainable Development (CITEPA statistics Observatory, 2005) provides 
information about national GHG emissions per economic sector. The following table presents the 
GHG emissions intensity (in kg eq.CO2/€) calculated for each economic sector from the IO table (from 
OECD). 
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Table 16 – GHG emissions intensity (in kg eq.CO2/€) for each economic sector in France 

Type of economic sector GHG emissions 
(kt eq.CO2/year) for 

2005 

Gross output (M€) GHG emissions 
intensity  

(kg eq.CO2/€) 

Food products, beverages and 
tobacco 

17 800 118 909 0.150 

Textiles, textile products, leather and 
footwear 

1 500 24 986 0.060 

Wood and products of wood and 
cork 

600 11 119 0.054 

Pulp, paper, paper products, printing 
and publishing 

10 900 49 799 0.219 

Pharmaceuticals - - - 

Machinery and equipment, nec 3 100 55 867 0.055 

Electrical machinery and apparatus, 
nec 

(3100) 26 992 0.115 

Radio, television and communication 
equipment 

(3100) 22 017 0.141 

Motor vehicles, trailers and semi-
trailers 

3 300 91 441 0.036 

Manufacturing nec; recycling 
(include furniture) 

5 400 24 574 0.220 

Production, collection and 
distribution of electricity 

- - - 

Manufacture of gas; distribution of 
gaseous fuels through mains 

- - - 

Collection, purification and 
distribution of water 

300 - - 

Construction 8 500 205 435 0.041 

Hotels and restaurants 3 000 75 065 0.040 

Land transport; transport via 
pipelines (with air transport) 

(38 300) 141 254 0.271 

Post and telecommunications (38 300) 64 998 0.589 

Finance and insurance (2 500) 156 280 0.016 

Education  (9 500) 101 817 0.093 

Health and social work (9 500) 172 736 0.055 

Agriculture, hunting, forestry and 
fishing 

11 600 78 919 0.147 

Mining and quarrying  2 000 5 819 0.344 

Coke, refined petroleum products 
and nuclear fuel 

22 400 49 958 0.448 

Chemicals excluding 
pharmaceuticals, Rubber & plastics 
products 

20 300 93 269 0.218 

Other non-metallic mineral products 25 300 24 508 1.032 

Iron & steel, non-ferrous metals 22 300 36 237 0.615 

Fabricated metal products, except 
machinery & equipment 

2 200 59 410 0.037 

Office, accounting & computing 
machinery (with Electrical machinery 
& apparatus, nec and Medical, 
precision & optical instruments) 

(3100) 49 482 0.063 
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Production, collection and 
distribution of electricity, 
Manufacture of gas; distribution of 
gaseous fuels through mains, Steam 
and hot water supply 

- - - 

Wholesale & retail trade; repairs 3 200 311 883 0.010 

Finance & insurance, Real estate 
activities 

2 500 417 791 0.006 

Renting of machinery & equipment 3 200 23 544 0.136 

Research & development 900 34 029 0.026 

Other Business Activities, Computer 
& related activities 

1 800 334 394 0.005 

Public admin. & defense; compulsory 
social security 

7 000 165 578 0.042 

Other community, social and 
personal services 

3 300 103 079 0.032 

It appears that some economic sectors have a lack of data in terms of gross output or GHG emissions, 
so their intensity was considered as the same of other economic sector (for instance, between 
Machinery and equipment, nec and Electrical machinery and apparatus, nec.). 

 

Impact assessment: 

The 18 economic sectors with the highest GHG emissions linked with their demand are shown in 
Figure 17. The local population is considerate as an average French people. 

 

Figure 17 – Main economic sectors in terms of CO2 emissions 

The demand for “wholesale & retail trade, and repairs” create the highest GHG emissions in its whole 
supply chain (4.59 kg CO2eq./cap/day). But it’s interesting to note that the “wholesale & retail trade, 
and repairs” considered as economic sector emitting is very low with only 0.08 kg CO2eq./cap/day. 
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If we mask this major economic sector’s impact (as shown in Figure 18), the others emission sectors 
are closer together, between 0.2 and 1 kg CO2eq./cap/day.   

 

 

Figure 18 - Focus on sectors emissions without the “wholesale & retail trade and repairs” sector 

The results were considered for all components of economic sectors but the following table shows 
only the GHG emissions for the 18 most relevant sectors with the main emissions. 

Table 17 – Details of different emissions for each component 

 

Agriculture, 

hunting, 

forestry and 

fishing

Mining and 

quarrying 

Food 

products, 

beverages 

and tobacco

Pulp, paper, 

paper 

products, 

printing and 

publishing

Coke, 

refined 

petroleum 

products and 

nuclear fuel

Chemicals 

excluding 

pharmaceuti

cals, Rubber 

& plastics 

products

Rubber & 

plastics 

products

Other non-

metallic 

mineral 

products

Iron & steel, 

non-ferrous 

metals

Manufacturin

g nec; 

recycling 

(include 

furniture)

Land 

transport; 

transport via 

pipelines 

(with air 

transport)

Post and 

telecommuni

cations

0,147 0,344 0,15 0,219 0,448 0,218 0,218 1,032 0,615 0,22 0,271 0,589

Secteur Ligne TOTAL

Agriculture, hunting, forestry 

and fishing 0,171 0,002 0,055 0,003 0,003 0,003 0,004 0,008 0,005 0,009 0,001 0,002 0,29

Food products, beverages and 

tobacco 0,047 0,011 0,623 0,009 0,015 0,025 0,013 0,027 0,023 0,012 0,007 0,013 0,90

Textiles, textile products, 

leather and footwear 0,001 0,002 0,001 0,002 0,002 0,003 0,004 0,008 0,006 0,013 0,001 0,001 0,13

Pulp, paper, paper products, 

printing and publishing 0,001 0,004 0,003 0,124 0,005 0,005 0,004 0,017 0,008 0,004 0,002 0,008 0,20

Coke, refined petroleum 

products and nuclear fuel 0,007 0,015 0,005 0,005 0,431 0,015 0,007 0,035 0,017 0,005 0,017 0,008 0,59

Chemicals excluding 

pharmaceuticals, Rubber & 

plastics products 0,014 0,017 0,008 0,014 0,029 0,228 0,068 0,042 0,025 0,013 0,003 0,008 0,51

Other non-metallic mineral 

products 0,000 0,002 0,000 0,000 0,002 0,000 0,000 0,117 0,001 0,001 0,000 0,000 0,13

Motor vehicles, trailers and semi-

trailers 0,002 0,006 0,002 0,002 0,007 0,003 0,002 0,017 0,011 0,004 0,006 0,005 0,16

Manufacturing nec; recycling 

(include furniture) 0,000 0,001 0,000 0,001 0,002 0,001 0,001 0,006 0,011 0,149 0,000 0,001 0,18

Public admin. & defense; 

compulsory social security 0,006 0,018 0,008 0,012 0,024 0,015 0,013 0,073 0,050 0,008 0,006 0,015 0,34

Wholesale & retail trade; repairs
0,118 0,304 0,163 0,154 0,385 0,219 0,174 0,993 0,665 0,192 0,123 0,182 4,59

Hotels and restaurants 0,002 0,007 0,004 0,007 0,011 0,008 0,007 0,034 0,025 0,008 0,010 0,014 0,28

Land transport; transport via 

pipelines (with air transport) 0,011 0,040 0,019 0,028 0,059 0,027 0,023 0,163 0,084 0,023 0,472 0,024 1,07

Post and telecommunications 0,002 0,007 0,003 0,007 0,009 0,006 0,004 0,021 0,014 0,005 0,005 0,672 0,78

Finance and insurance 0,023 0,044 0,026 0,035 0,062 0,032 0,024 0,127 0,087 0,030 0,041 0,106 0,82

Real estate activities 0,020 0,061 0,033 0,062 0,087 0,065 0,048 0,238 0,189 0,055 0,059 0,149 1,40

Other Business Activities 0,006 0,017 0,011 0,019 0,027 0,019 0,017 0,072 0,052 0,016 0,015 0,033 0,38

Other community, social and 

personal services 0,003 0,013 0,005 0,014 0,019 0,011 0,009 0,048 0,034 0,012 0,008 0,017 0,30

TOTAL 0,44 0,60 0,98 0,51 1,22 0,70 0,48 2,10 1,35 0,58 0,79 1,29

Secteur Colonne
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The total emissions amounted to 13.74 kg CO2eq./cap/day, that is nearly half than in Aveiro (25.8 kg 
CO2eq./cap/day). These results are closer to the ones found for Barcelona with 11.5 kg 
CO2eq./cap/day (Kennedy et al., 2009) but, for instance, much lower than the emissions found in 
Denver (58.9 kg CO2eq./cap/day). However, this comparison is based on an average French people. 
For further analysis, taking into account the economical specificities of MPM, it would be necessary 
to lead further research. More precisely, IO tables should be modified. 

It’s interesting to compare, for each main economic sector, the difference between the emissions 
from the domestic production attributed to final consumption of households and the emissions from 
the domestic production (branches). 

 

Figure 19 - Emissions from domestic production attributed or not to final consumption 

Important: It’s important to note that these different data and results come from an exploitation of a 
database provided by the OECD for the year 2005 and considered only the final consumption of 
households, to better compare with the date and results found in Aveiro. 

We can also envisage to do this kind of exercise with the database provided by EUROSTAT, available 
online, which is more detailed than the OECD one’s (60 components versus 37 economic sectors in 
OECD database). It could be also more interesting to have a good combination with the database of 
GHG emissions per sectors provided by EUROSTAT online. For example, it could be possible to 
integrate some data concerning “Electrical energy, gas, steam and hot water” or “Collected and 
purified water, distribution services of water”, which are missing in the OECD database for France in 
2005 and which can greatly influence the final results by sector and by industrial consider (for 
example, for land transport, we can envisage an increasing of the total emissions by the use of 
energy consideration). 

The results obtained from the study of the EUROSTAT input-output table are presented in Figure 20. 
Only the 16 sectors with the highest emissions from their demand are presented, the rest is 
aggregated into the other economic sectors group. The Selected 16 sectors represent 90 % of the 
GHG gas impacts derived from the demand of all the sectors studied. 
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Figure 20 – GHG emissions from Marseilles household consumption  

The demand for real estate services created the highest GHG emissions (1.30 kg CO2eq./cap/day), 
followed by the demand for electrical energy, gas, steam and hot water (0.95 kg CO2eq./cap/day) and 
by the demand for financial, insurance, pension and auxiliary services (0.87 CO2eq./cap/day). 

The demand for air transport services created one of the lowest GHG emissions (0.32 kg 
CO2eq./cap/day), while at the same time being one of the sectors contributing greatly to the other 
sectors emissions. The opposite happens with the food products sector, where its demand created 
the fifth highest GHG emissions (0.84 kg CO2eq./cap/day) while its contribution to the other sector’s 
emissions was minimum. The same happened to the demand for metal products and motor vehicles. 
In this particular case, around 60 % of the emissions derived from the demand for motor vehicles are 
produced by the air transport sector.  

The demand for electrical energy created the second highest impact, where nearly all of its emissions 
come from its own sector. The same seems to happen with the demand for air transport services and 
manufacture of furniture. On the other hand, the demand for real estate services, which created the 
highest impact, it is a composition of all the other sectors, while the contribution of this sector to the 
rest of sectors is nearly zero. The same situation applies for the demand of wholesale and retail trade 
services, although in a smaller scale. 

Now we will proceed to compare the results obtained from the OECD database with the results 
obtained with the EUROSTAT database. In first place it is important to highlight that the total GHG 
emissions per capita in both cases gave similar results, being 13.7 kg CO2eq./cap/day for OECD and 
11.2 kg CO2eq./cap/day for EUROSTAT. This leads us to believe that the results obtained in the two 
cases are comparable and compatible between them. However, it is important to highlight that some 
sectors are aggregated in different ways in both of the databases, therefore having to keep in mind 
this fact when proceeding to compare sectors in the different databases. 

In both cases the demand for real estate services created the highest impact being 1.08 kg 
CO2eq./cap/day for the OECD data base and 1.23 kg CO2eq./cap/day for EUROSTAT. The demand for 
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food products created similar impacts in both databases, being 0.90 kg CO2eq./cap/day for OECD and 
0.84 kg CO2eq./cap/day for EUROSTAT database. The demand for the production of coke, refined 
petroleum products and nuclear fuels has also similar impacts in both databases. 

 In the case for the demand of chemical products is mainly due to the aggregation of different sectors 
in the EUROSTAT database, while the same sectors are disaggregated in the OECD one. On the other 
hand, the demand for postal and telecommunications services in the OECD database seems to have a 
higher GHG gas emissions impact than the postal demand in the EUROSTAT database. The most 
striking difference is the one found between the wholesale and retail demand in both databases. In 
the OECD database, the impacts from the demand on wholesale and retail trade are aggregated in to 
one sector, while in the OECD database are separated into two. However, the estimated impact from 
wholesale and retail trade demand in the OECD database reaches over 3.50 CO2eq./cap/day – a 25 % 
of the total impact – while in the EUROSTAT database (adding up the two sectors) 1.20 
CO2eq./cap/day are reached. 

A short overview of the main results from the French economy will be presented to conclude the 
study of the GHG emissions with the EUROSTAT database. The total emissions of the French 
economy for the year 2005 according to EUROSTAT database was 7.9 tons CO2eq./cap/year (21.6 kg 
CO2eq./cap/day). This corresponds to the interior demand plus the direct emissions without taking 
into account exports. The total emissions corresponding to the total demand, including the imports 
reached 12.2 tons CO2eq./cap/day (33.4 kg CO2eq./cap/day).  
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Process LCA  

The process LCA was directly based on the results found in Part 1 with the MFA method. For each 
component, data inventory used have been extracted from GaBi 4.4 (EcoInvent database 2, impact 
assessment method Recipe . The objective is to show the different impacts in terms of CO2 emissions 
caused by the consumption of resources and the production of waste on the MPM territory, for the 
different sectors of the inventory. 

Inventory of non-industrial and non-agricultural energy input in MPM 

Table 18 – Energy inputs considered for LCA assessment on MPM 

Input Unit Residential 
use 

Transport Commerce 
and services 

Total 

Energy koe/cap/day    5.649 
Heating oil koe/cap/day 0.098  0.080 0.178 

Liquefied 
petroleum gas 

(GPL) 

koe/cap/day 0.025 0.003 0.010 0.038 

Gasoline koe/cap/day 0.0006 0.295  0.296 
Diesel koe/cap/day  0.758  0.758 

Kerosene koe/cap/day  0.042  0.042 

Others liquid 
fuel 

koe/cap/day  0.602  0.602 

Electricity  koe/cap/day 1.465 0.004 1.216 2.685 

Natural gas koe/cap/day 0.752  0.221 0.973 
Biomass (wood 

and similar 
waste) 

koe/cap/day 0.056  0.009 0.065 

Solar thermal koe/cap/day 0.000  0.000 0.000 

Biofuels  koe/cap/day     

Heat  koe/cap/day 0.012   0.012 
Coal  koe/cap/day     

The total estimated quantity of energy consumption was 5.649 koe/cap/day for the territory of MPM 
(without industrial and agricultural consumptions). The major energetic products used are electricity, 
natural gas and diesel. No detailed data was found to explain the components of “others liquid fuel” 
which is the fourth product category used. The renewable energies (for instance, solar thermal) are 
very limited and there’s no direct consumption of coal on the MPM territory (except in the industrial 
sector). 

The detailed MFA provides the different consumption of sectors considered for the LCA chapter 
(residential sector, commerce and services, transport). See Annex 1 to 3 for a detailed schematic 
representation. The residential sector represents 43 % of energy used by final consumer and 
electricity is the major energy used (60 %) for application in terms of lighting and heating. The 
commerce and services sector represents 27 % of energy used by final consumer.  Electricity is also 
the major energy used (79 %) for application in terms of lighting, heating, and mechanisms (electric 
motors, etc.).The transport sector represents 30% of energy used by final consumer and diesel is the 
major energy used (45%) for vehicles.  

Inventory of water input  

The water consumption considered in this LCA comes from MFA chapter, with 214.28 kg/cap/day, 
mainly due to residential use (82%) for washing, drinking, etc. (TableXX)  
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Table 19 – Water input considered for assessment on MPM LCA 

Input Unit Residential 
use 

Transport Commerce 
and services 

Total 

Water Kg/cap/day 175.49  38.79 214.28 
      

 

In the following chapter, a focus is proposed about LCA of water and wastewater systems, to detail 
the different components included in the production of tap water (lime, chlorine, etc.) and the 
treatment phases of wastewater (output in terms of nitrogen, sludge, etc.). 

Inventory of food and drinks input 
The food and drinks input considered in this LCA comes from MFA chapter, adapted with national 
data sources (ADEME, INSEE, 2010).   

Table 20 – Consumption patterns by major types of products, adapted from AFSSA 

Foods Consumption (kg/cap/day) Foods Consumption (kg/cap/day) 

Bread and related products 0.101 
Vegetables (excluding 

potatoes) 0.124 

Cereals for breakfast 0.007 Potatoes and related 0.057 

Pasta 0.039 Dried vegetables 0.009 

Rice and wheat grains 0.024 Fruits 0.126 

Other cereals 0.000 Dry fruits and oilseeds 0.002 

Bakeries 0.013 
Ice cream and frozen 

desserts 0.009 

Biscuits and cookies 0.011 Chocolate 0.007 

Pastries 0.037 Sugars and derivatives 0.018 

Milk 0.108 Water 0.714 

Fresh dairy products 0.080 Soft drinks without alcohol 0.153 

Cheese 0.030 Alcoholic beverages 0.118 

Eggs and related 0.014 Coffee 0.194 

Butter 0.010 Other hot drinks 0.104 

Oils 0.010 
Pizzas, quiches and savory 

pastries 0.022 

Margarine 0.004 Sandwiches, snacks 0.016 

Other fats 0.000 Soups and broths 0.075 

Meat 0.047 Mixed dishes 0.066 

Poultry and game 0.029 
Desserts, desserts and 

gellified milk 0.026 

Giblets 0.002 Compotes and stewed fruits 0.014 

Delicatessen 0.032 Condiments and sauces 0.018 

Fishs 0.024 
Foods for particular 

nutritional uses 0.002 

Crustaceans and molluscs 0,004 Total 2,503 
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Inventory of construction materials input 
The non-metallic material inputs are very important in the final balance of materials used per capita 

(21.25 kg/cap/day), especially from aggregates (for lime, concrete and asphalt production). 

Table 21 – Aggregates and construction materials inputs considered for LCA assessment on MPM 

Input Unit Residential 
use 

Transport Commerce 
and services 

Total 

Minerals (non-metallic) Kg/cap/day    21.25 
Aggregate 

- For lime 
- For concrete 

- For asphalt 
- Others   

Kg/cap/day    20 
9.26 
6.6 
2.2 

1.94 

Cement Kg/cap/day    0.983 

Bricks, tiles Kg/cap/day    0.137 

Asphalt  Kg/cap/day    0.130  

Plaster  Kg/cap/day    0.0001 

Other construction 
materials 

Kg/cap/day    1.53 

Steel 
- From French industry 

- From foreigner 
country 

Kg/cap/day    0.602 
0.239 

 
0.362 

Lumber and derivatives 
(plywood, lumber and ties) 

Kg/cap/day    0.592 

Glass Kg/cap/day    0.137 

Polypropylen (for tubes) Kg/cap/day    0.044 

Paints and varnishes Kg/cap/day    0.041 

PVC  Kg/cap/day    0.031 

Polyethylen low density (for 
cables, tubes, profiles, plates 

and sheets, by extrusion) 

Kg/cap/day    0.030 
 

Glues and adhesives Kg/cap/day    0.023 

Aluminium (for building 
contruction) 

Kg/cap/day    0.011 

Sealants and coatings Kg/cap/day    0.008 

Inks Kg/cap/day    0.004 

Polyethylen high density (for 
cables, tubes, profiles, plates 

and sheets, by extrusion) 

Kg/cap/day    0.004 
 

 

This value is very close to Lisbon’s and Aveiro’s values (Niza et al. 2009). The Commissioner General 

for Sustainable Development in France has also estimated the interior consumption of materials and 

shown the weight of construction materials (nearly 19.6 kg/cap/day) in the national total 
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consumption in 2007 (nearly 51% of total consumption). They have also shown that indirect flows (or 

hidden flows) were low for flows of non-metal construction materials but much larger for metallic 

materials for construction (due in particular to upstream phases of mining). It’s important to note the 

risk of double counting (for example with aggregates destined to concrete production versus the 

cement consumption, where lime is used in process). The other construction materials are lower in 

terms of weight (only 1.53 kg/cap/day), due to steel consumption, wood (for plywood, lumber, etc.) 

and glass.  

Inventory of others products input 

The other products considered in the LCA approach are listed in the following table 22, which are 
mainly for packaging application (aluminum, paper, cardboard, plastic materials, etc.). 

Table 22 – Other products inputs considered for LCA assessment on MPM 

Input Unit Residential 
use 

Transport Commerce 
and services 

Total 

Other products  Kg/cap/day    0.491 

Paper for print writing 
(including newspapers) 

Kg/cap/day    0.173 

Paper for packaging Kg/cap/day    0.155 

Cardboard Kg/cap/day    0.040 

Hygiene paper Kg/cap/day    0.035 

Polyethylen low density 
- packaging bags 

and films (by 
blowing) 

- bottles (by 
blowing) 

- Toys, electricity, 
automobile (by 

injection) 

Kg/cap/day    0.034 
0.030 

 
 

0.0004 
 

0.004 
 
 

Aluminium  
- for transport 

sector 

- for packaging 
(cans, etc.) 

Kg/cap/day    0.026 
0.020 

 
0.006 

Polyethylen high 
density 

- packaging bags 
and films (by 

blowing) 
- bottles (by 

blowing) 

- Toys, electricity, 
automobile (by 

injection) 

Kg/cap/day    0.024 
 

0.004 
 
 

0.013 
 

0.007 

Textiles (fibers, etc.) Kg/cap/day    0.004 

 

The main other product considered for LCA are paper components (0.363 kg/cap/day). Cardboard, 
plastic materials and aluminum are much smaller contributors of total weight.  



 

56 
URBAN METABOLISM OF MARSEILLE PROVENCE METROPOLE  
Nicolas MAT, Álvaro GONZÁLEZ-ROOF – Ecole des Mines d’Alès, 2012 
 

Inventory of input linked with wastewater treatment and waste treatment 

The output considered for LCA are wastewater, municipal solid waste and air emissions (excluding 
industry and agricultural sectors), provided by he MFA chapter. 

Table 23 – Wastewater, MSW and air emissions considered for LCA assessment on MPM 

Output Unit Total 

Wastewater  Kg/cap/day 201.66 

Wastewater  Kg/cap/day 201.59 

Organic matter (BOD) Kg/cap/day 0.003 

Nitrogen Kg/cap/day 0.0034 

Phosphorus Kg/cap/day 0.0004 

Sludge (wet) Kg/cap/day 0.067 

   

Solid waste Kg/cap/day 7.539 

Waste disposal in landfill  Kg/cap/day 0.343 

Recycled waste  Kg/cap/day 0.493 

Waste to energy Kg/cap/day 0.973 

Construction and demolition 
waste 

Kg/cap/day 5.73 

   

Air emissions Kg/cap/day 11.40 

CO2  
- From residential sector 

- From commerce and 
services sector 

- From transport sector 

Kg/cap/day 9.546 
2.929 
1.243 

 
5.374 

CH4 
- From residential sector 

- From commerce and 
services sector 

From transport sector  

Kg/cap/day 1.515 
0.901 
0.180 

 
0.434 

N2O 
- From residential sector 

- From commerce and 
services sector 

From transport sector 

Kg/cap/day 0.235 
0.097 
0.029 

 
0.109 

SOx Kg/cap/day 0.007 

NOx Kg/cap/day 0.024 

NMVOC Kg/cap/day 0.015 

CO Kg/cap/day 0.056 

PM10 Kg/cap/day 0.003 
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Balance of input, output and accumulation for MPM LCA 

As shown in Figure 21, the accumulation of products was estimated with the difference of input and 
output considered in MPM area.  

 

Figure 21 – Mass balance of MPM’s residential, transport, commerce and services consumption 

 

Impact assessment  

The aggregated impacts of the four groups of considered products together with the impacts of tap 

water processes, sewage collection and treatment and solid waste disposal are presented in Figure 

22. It is important to point out that not all inputs are considered in the impact analysis due to not 

having the appropriate impact factors. Whenever possible, the impacts will be extracted from other 

sources to provide an impact assessment as accurate as possible.  

 

ENERGY
5.649 koe/cap/day

MARSEILLE PROVENCE 
METROPOLE

CONSTRUCTION 
MATERIALS

22.78 kg/cap/day

FOOD AND DRINKS
2.5 kg/cap/day

OTHER PRODUCTS
0.491 kg/cap/day

WATER SUPPLY
214.28 kg/cap/day

WASTEWATER*
201.66 kg/cap/day

AIR EMISSIONS
11.40 kg/cap/day

MUNICIPAL SOLID 
WASTE

1.809 kg/cap/day

Net 
accumulation

25.11 kg/cap/day

Nota:
*Wastewater flow includes all using, except industrial units in MPM
** Others waste only consider the construction and demolition waste

OTHERS WASTE**
5.72 kg/cap/day
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Figure 22 – Impacts of considered products and processes on Climate Change (CC) and Fuel Depletion (FD) 

The total impacts estimated were 18.8 kg CO2eq./cap/day for CC and 3.6 kg oil eq./cap/day for FD.. 

As expected the energy products have higher impacts in both of the categories, representing around 

60 % for CC and 56 % for FD. The food, drinks and beverages category has 20 % of the total impacts in 

CC (3.7 kg CO2eq./cap/day) and 11 % of the impacts in FD (0.4 kg oil eq./cap/day). The construction 

industry group had a CC impact of 12 % (2.2 kg CO2eq./cap/day) and a FD impact of 22 % (0.8 kg oil 
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eq./cap/day). The other products category accounted for 0.5 % of the impacts in CC (1 kg 

CO2eq./cap/day) and 11 % of the impacts in FD category (0.4 kg oil eq./cap/day). The impacts of tap 

water, sewage waters and solid waste were relatively small, in total for CC and for FD. 

Comparing it with the CC impact assessment for Aveiro (27.3 kg CO2eq./cap/day) we see that the CC 

impact of MPM is half the one for Aveiro. However, the obtained results show consistency with the 

results obtained in the EIOA (13.74 kg CO2eq./cap/day). The national average for GHG emissions in 

France was 18.3 kg/cap/day (INSEE 2012), which is close to our estimates. Comparing these results 

with global cities worldwide it can be said that MPM could be placed in the middle-lower section of 

the classification together with cities like Geneva (21.4 CO2eq./cap/day) or Prague (25.7 

CO2eq./cap/day). 

 

Food, drinks and beverages 

The impacts of food, drinks and beverages are presented in Figure 23.  
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Figure 23 – Impacts of food, drinks and beverages on Climate Change (CC) and Fuel Depletion (FD) 

 

Bovine beef and coffee are by far the largest contributors to CC with an impact around 56 % of the 

total (2.087 kg CO2eq./cap/day) while its impact to FD is relatively lower being 6 % (0.022 kg oil 

eq./cap/day). Fruits, vegetables & potatoes together with milk and derivatives contribute to CC with 

18 % and 8 % respectively (0.689 kg CO2eq./cap/day and 0.311 kg CO2eq./cap/day). On the other 

hand, fruits impact to FD is the highest of all (49 % of the total).  
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It is important to point out that the food and drinks input per capita estimated in this assessment is 

1.735 kg, instead of 2.05 kg(because some emission factors are missing for some products), while the 

one estimated for Aveiro was 3.3 kg/cap/day and the one estimated for the average Spanish diet was 

2.4 kg/cap/day (Muñoz et al. 2010). The CC impact for Aveiro was 6.8 kg CO2eq./cap/day while the 

CC impact for Spain was 5.8 kg CO2eq./cap/day (being 3.483 kg CO2eq./cap/day for MPM) .The CC 

impact for food and beverages group estimated for Aveiro is 2 times higher than the one estimated 

for MPM.. However, the main categories are comparable. This way we can see how the fish and 

other seafood category for Aveiro has the highest CC impact (over 0.9 kg CO2eq./cap/day) while in 

our study had an low impact (0.232 kg CO2eq./cap/day)The bovine meet CC impact in MPM (1.028 kg 

CO2eq./cap/day) was higher than in Aveiro (0.68 kg CO2eq./cap/day).. 

Energy 

To make comparisons easier and more accurate it was decided to complete our CC impact 

estimations with French statistical information of the transport sector. The National Statistic Institute 

(INSEE) accounted for 5.4 kg CO2eq./cap/day for transportation services. These estimations include 

road, train, airplane and maritime GHG emissions. It’s nearly the same result by using the Energ’Air 

date (5.37 kg CO2eq./cap/day for transportation services).To obtain the per capita emissions, the 

total French emissions from transport were divided by the French population to obtain the per capita 

impact. Figure 24 represents our data on CC impact together with the transport GHG emissions 

estimated by INSEE. 
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Figure 24 – Impacts of energy products on Climate Change (CC) including estimation from INSEE for GHG emissions on the 
transport sector 

Including INSEE data, the total CC impact derived from energy products is around 11.37 kg 

CO2eq./cap/day (we found 8.864 kg CO2eq./cap/day with Energ’air for the same categories). Aveiro 

was reported to have an impact of 14.7 kg CO2eq./cap/day. This difference could be explained by the 

difference in the CO2 intensity of their electricity mix, while having a similar use per capita of the 

other energy sources. While Portuguese energy comes mainly from fossil fuels (83 %) (EU 2012), 

French energy has a higher share of nuclear energy, being the fossil fuel share lower (52 %) (EU 

2012). This way, French CO2 intensity is 1.4 tCO2/toe while Portuguese is 2.5 tCO2/toe (EU 2012).  

The sector with the highest impact was total transportation with a share of 47 % of the total; while 

natural gas and electricity had a share of 28 % and 24 % respectively. Aveiro had the same share for 
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transportation when aggregating the different groups, but a higher one from electricity consumption 

(42 %). On the other hand, MPM’s natural gas’ impact has a higher weight in MPM than in Aveiro (11 

%). Again, the CO2 intensity of MPM’s energy mix seems to be the reason. 

Comparing these results with global cities around the globe (Kennedy et al. 2009), we see how 

emissions from electricity use range from 1.0 kg CO2eq./cap/day and 1.8 kg CO2eq./cap/day in 

Geneva and Barcelona respectively to 25 kg CO2eq./cap/day in Denver. Emissions from ground 

transport range from Denver and Los Angeles with 17.3 CO2eq./cap/day and 13.5 kg CO2eq./cap/day 

respectively to 2.1 kg CO2eq./cap/day in Barcelona. The estimated impact of ground transport in 

MPM accounted for 5.1 kg CO2eq./cap/day (INSEE 2012), similar to the one calculated for Aveiro (5.6 

kg CO2eq./cap/day) which would classify them as a lower middle impact city in this particular 

category. 

It is important to point out that transportation FD impacts were not considered due to not having the 

proper emission factors 

 

Construction Industry 

The impacts of the construction industry can be seen in Figure 25. 
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Figure 25 – Impacts of construction industry products on Climate Change (CC) and Fuel Depletion (FD) 

Steel & iron profiles are the construction industry products with the highest contribution to CC with a 

40 % of the total impacts (0.89 kg CO2eq./cap/day) and to FD with a 41 % of the total impacts (0.31 

kg oil eq./cap/day). Cement has a similar impact on CC with a 36 % of the total (0.81 kg oil 

eq./cap/day) but with a relatively smaller impact on FD with a 9 % of the total impacts (0.07 kg oil 

eq./cap/day). Flat glass contributes to CC with a 7 % of the total impact (0.15 kg CO2eq./cap/day) and 

to FD with a 6 % (0.04 kg oil eq./cap/day). Asphalt, propylene tubes and ethylene tubes contribute 

similarly to CC with 3-4 % each of them (0.07 to 0.09 kg CO2eq./cap/day) and to FD with 16 %, 10 %, 

and 8 % respectively (0.13, 0.07 and 0.06 kg oil eq./cap/day respectively). Ink and PVC tubes both 

contribute with 2-3 % each to CC (0.05 and 0.06 kg CO2eq./cap/day respectively) and with 4 % and 5 

% to FD respectively (0.03 kg oil eq./cap/day and 0.04 kg oil eq./cap/day). Finally bricks and mortar & 

plaster have the lowest contribution to CC and FD with 1 % for bricks and less than 1 % for mortar & 

plaster. 
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Contrary to the other product groups, construction industry impact per capita in MPM is significantly 

higher than in Aveiro. Even though the total impact is the same (around 2 kg CO2eq./cap/day), the 

categories accounted for in Marseille are significantly less (10 to 34). Comparing the most significant 

categories we see how steel & iron profiles and cement both account for 1.7 kg CO2eq./cap/day in 

MPM while in Aveiro these 2 categories do not add more than 0.43 kg CO2eq./cap/day. The rest of 

the categories are also higher in Marseille than in Aveiro.  

Other Products 

The impacts of the other products group are presented in Figure 26. 

 

Figure 26 – Impacts of other products on Climate Change (CC) and Fuel Depletion (FD) 

Other packaging paper is the category with a highest impact in CC and FD, representing 25 % of the 

CC and FD impacts (0.26 kg CO2eq./cap/day and 0.09 kg oil eq./cap/day respectively). Stationary 

paper and aluminum cans both represent a 21 % of the CC emissions (0.22 kg CO2eq./cap/day) as 
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well as 19 % (0.07 kg oil eq./cap/day)and 16 % (0.06 kg oil eq./cap/day) of the FD impact respectively. 

Clothes of other textile fabrics contribute a 10 % (0.11 kg CO2eq./cap/day) to CC and a 7 % (0.02 kg 

oil eq./cap/day) to FD. Ethylene bags, plastic bottles & recipients and domestic paper contribute 

around 6-7 % (0.07, 0.06 and 0.06 kg CO2eq./cap/day respectively) to CC. Ethylene bags contribution 

to FD is 17 % (0.06 kg oil eq./cap/day) while plastics bottles and domestic paper contribute around 6-

7 % (0.02 kg oil eq./cap/day both of them). Paper and cardboard have the lowest contribution on 

both categories, around 4 %.  

It should be firstly said that many products were not able to be included in the impact assessment 

due to lack of input data, therefore the results obtained are very likely to fall short. When comparing 

it to Aveiro’s results it is not surprising to see that its CC impacts are more than twice higher. 

However, the main groups impacting CC in MPM were found to be other packaging paper, stationary 

paper and aluminum cans, while in Aveiro the highest impacts in CC were due to paper & cardboard, 

glass bottles and passenger vehicles. It is interesting to see how paper and cardboard accounted for 

26 % of the total in Aveiro, while in MPM it only accounted for 4 %. 

Other Processes 

The impacts of tap water processes, sewage collection & treatment and solid waste disposal are 

presented in Figure 27.  
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Figure 27 – Impacts of tap water processes, sewage water and solid waste disposal on Climate Change (CC) and Fuel 
Depletion (FD) 

Solid waste disposal has by far the highest impact in CC, contributing with a 67 % (0.310 kg 

CO2eq./cap/day) while on the other hand has the lowest impact on FD, contributing an 10 % (0.004 

kg oil eq./cap/day). Tap water processes and sewage collection & treatment both have a similar 

impact on CC and FD, being 15 % and 18 % respectively (0.07 and 0.08 kg CO2eq./cap/day) and 45 % 

(0.02 kg oil eq./cap/day) for both of them.  

The contribution of solid waste disposal to CC in Aveiro was 1.4 kg CO2eq./cap/day, significantly 

higher than in Barcelona (0.65 kg CO2eq./cap/day) and MPM (0.31 kg CO2eq./cap/day). This is mainly 

due to the different waste management operations taking place in the two cities. In Aveiro more 

than 90 % of the waste is landfilled, while in MPM most of the waste is combusted to generate 

energy and in Barcelona the organic waste is biologically treated and the rest is incinerated. This way, 
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emissions from energy sources are reduced as well as the methane emissions generated in the 

landfills.  

Focus on LCA of water and wastewater systems  

The water cycle in the MPM territory, from capture and production of tap water to the wastewater 

management, through the different phases of distribution and collection was considered. 

Information was sought relating to various consumption utilities (electricity, chemicals such as 

chlorine, polymers, etc.) used during each phase of water production and wastewater management 

(for collection operations, production, distribution, collection and pumping, sanitation) in the 

territory of MPM. 

In view of the large number of units of production of 

tap water and waste water treatment plant (WWTP) 

in the territory of MPM, it could be interesting to 

focus this study on a particular site (based on an 

ability to communicate and collect data). But, since 

the beginning of 2012, the Direction of Water 

Management in MPM currently renews its contracts 

of public delegation of services (water production 

units and WWTP are operated by external 

companies) so some data requested for this study 

are strictly confidential and can’t be communicated. 

Face to these difficulties to collect some relevant 

information about production units and WWTP on 

MPM, it could be just possible to consider the input 

linked with the tap water production, based on 

bibliography reference.  

It could be more difficult to estimate the 

input/output linked with the WWTP because it’s not 

currently possible to describe the technologies used 

on MPM to manage wastewater (Primary and 

secondary treatment, activated or not sludge 

system, anaerobic digestion, etc.). 

 

 

Figure 28 - Water cycle metabolism 

Context of water input  

MPM distributes more than 217 million m3 of water per year and its main resources come from the 
Canal de Marseille and Canal de Provence. A total of 36 municipalities of Bouches-du-Rhône 
department, including 17 from MPM, are supplied with tap water from these resources.  As shown 
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on following figure, groundwater resources are available in Marseille, Allauch and Septèmes-les-
Vallons. The city of Gémenos is driven especially by drilling. 

 

Figure 29 – main resources of water for MPM area 

 

 

Figure 30- The 13 tap water production units in MPM 

 

There are 13 generating stations on the MPM territory that treat raw water from canals by physical-
chemical processes (settling, filtration, ozonation and chlorination) to produce tap water for MPM 
municipalities and also for neighboring municipalities (Aubagne, Les Pennes-Mirabeau, La Penne-sur-
Huveaune, Vitrolles and Martigues).  
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The distribution network has 73 pumping stations and 152 tanks for over 298,710 m3 of reserves. The 
water supplied is continuously monitored by automatic sensors to measure the concentration of 
charged particles and disinfectants used (chlorine and ozone). Sometimes, some chlorination stations 
can relay the production units and complete the initial treatment on the network (which has a total 
length of 3,309 km). 

When the volume produced and distributed are compared by MPM’s water service, a difference 
could exist ascribable to many reasons: it may be by leaking, volumes underestimated on the 
package of users, inaccuracies regarding the estimation of the volume assigned to wash the roads, 
the fire protection or water services (water needed to process, to wash some filters, etc.). 

As explained in the introduction of this chapter, the Direction of Water Management in MPM 
currently renews some contracts of public delegation of services for tap water production so it’s not 
possible to collect the data concerning the way of treatment and to evaluate the metabolism of 
production units (with the different input/output linked, in terms of chlorine used, algicides, anti-
foam, biocides, coagulants, disinfectants, products for pH adjustment, anti-scale, etc.). 

It just could be possible to consider the amount of chlorine introduced for tap water production, on 
basis of bibliography (from 2 to 10 mg/L of raw water in entrance of tap water production unit and 
0.1 to 0.2 mg/L of tap water in the network). 

 

Figure 31 - Tap water cycle metabolism, from catchment to use 

 

Context of wastewater collection and treatment   

There is a large variety of necessary equipment for the collection and treatment of wastewater on 
MPM area. The length of the network collection is 2,583 km, with 152 pumping stations. 
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The treatment is operated by 10 wastewater treatment plants (WWTP), as shown on Figure 32, 
where the "Géolide" is the most important one in Marseille, which handles a daily average of 
250,000 m3 of wastewater. There are three different midfield receptors, the Etang de Berre (via the 
Canal du Rove), the dry vallats and marine environment. Appendix 4 is a schematic figure of the 
Geolide system, the biggest underground WWTP in the world. 

 

Figure 32 - System of treatment of wastewater on MPM and midfield receptors 

 About the different treatment systems: 

 In the first place, the coagulation by addition of metal salts (usually iron or aluminum) clears 

the inter colloidal repulsions (in order to meet the colloidal particles), 

 In a second step, flocculation can tackle the problem of the small diameter of the colloids 

and permit the agglomeration of colloidal particles (then this cluster of colloids called floc 

has sufficient mass to settle. The flocculant used is generally a polymer (whether organic or 

natural), as a glue between the colloids. 

There’s no information about the amounts of reagents added and the stirring speeds of the 

reaction medium. 

 A tertiary treatment, to extract the fraction of pollutants not covered by primary or 

secondary treatment (to eliminate nitrates, phosphates and pathogens), set up to achieve 

the discharge standards in the receiving environment established by prefectural authority.  
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The two main currently used methods to reduce nitrates are the denitration by ion exchange 

resins and processes for biological nitrogen removal.  

Biological phosphorus removal is the removal of inorganic compounds by chemical or 

biological (means using chemical reagents which precipitate phosphorus, for example, lime 

(CaO), aluminum salts and iron). 

For complete elimination of pathogens, chlorine or compounds (chlorine dioxide, bleach ...) 

are used. Sometimes ultraviolet rays or ozone (O3) are used too. 

 

 

Figure 33 - Wastewater cycle metabolism, from collection in city to discharges into the natural environment 
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Synthesis, discussion and interpretation of the results with regard of other 
territories within the Ecotech Sudoe network 

Material Flow Analysis (MFA) 

The total energy inputs for MPM were 8.38 koe/cap/day. Most of it was for industrial use, 2.69 
koe/cap/day as well as residential use, 2.4 koe/cap/day. Transportation used 1.73 koe/cap/day and 
commerce and services 1.54 koe/cap/day. The total water consumption was  241.25 l /cap/day, the 
great majority of them went to residential use (175 l/cap /day) and to a lower degree to commerce 
and services use (38.52 l/cap/ day) and industrial use (24.11 l/cap/day) which use also own sources 
of groundwater. The agricultural consumption was much lower, being 2.8 l/cap/day. The total food 
and drinks consumption was 2.5 kg/cap/ day. 

The total atmospheric outputs for MPM were 15.36 kg CO2 eq./cap/day. The majority of them came 
from industrial and transport use (5.70 and 5.45 kg CO2/cap/day respectively). The residential and 
commerce use generated lower GHG emissions than the previous uses (2.96 and 1.24 kg 
CO2/cap/day respectively). The GHG gas sources were mainly from oil products and natural gas 
combustion (4.5 and 5.4 kg CO2/cap/day respectively). Other pollutant emissions reached 0.15 
kg/cap/day, waste water 224 kg/cap/day and MSW 1.8 kg/cap day. 

When comparing the results obtained with the results from Aveiro several similarities and 
differences appear. Regarding energy inputs, both urban areas appear to have really similar energy 
consumption, around 8 koe/cap day. However, the sectors where that energy is consumed differ 
significantly. Around 50 % of the energy inputs in Aveiro are used in the industrial sector, while in 
MPM is only 30 %. On the other hand, residential and commerce and services consumption in MPM 
is significantly higher than in Aveiro.  Transport energy use per capita is also higher for Aveiro than 
for MPM. 

The water consumption patterns of MPM and Aveiro follow the same trend as the energy use, i.e. a 
same consumption per capita for industrial use in Aveiro and a higher one in residential and 
commerce use in MPM. Also the total water consumption in MPM is significantly higher in MPM than 
in Aveiro. Regarding food and drinks consumption per capita it can be said that it is nearly equal in 
Aveiro than in MPM. 

The outputs logically follow the same pattern as the inputs, thus being higher for industrial use in 
Aveiro (only emissions) and higher in residential and commercial use in MPM. The CO2 emissions in 
Aveiro are 1.5 times higher than in MPM. This is mainly explained by the emissions from oil products 
and emissions from electricity which are 2 and 8 times higher respectively. The difference in 
emissions from electricity can be explained by the differences in the electricity mix, being 40 % 
nuclear for France. Other pollutant emissions are also higher for Aveiro in all the sectors, this could 
be due to the higher use of solid and oil fuels in Aveiro than in MPM. 

The wastewater generation is significantly higher for MPM than for Aveiro. (the wastewater from 
residential use in MPM is 2.5 times higher than the one in Aveiro).  

Finally, MSW generation is higher in MPM than in Aveiro and Barcelona, being 1.8 kg/ cap day for 
MPM, 1.6 kg/cap day for Aveiro and 1.4 kg/cap day for Barcelona. The waste treatment processes 
are significantly different in the three cities. In Aveiro 94 % of the waste is landfilled; in MPM only 19 
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% is directly landfilled and 54 % is combusted; and in Barcelona 45 % is taken to MBT, 20 % is 
landfilled an 12 % is combusted. 

 

Economic Input-Output Analysis (EIOA)  

The total GHG emissions estimated with the EIOA approach were 13.7 kg CO2 eq./cap day (with OECD 
basis). The sector with the highest GHG emissions derived from its demand was the wholesale and 
retail trade sector, which accounted for around 25 % of the total emissions. Real Estate activities and 
land transport had the next higher GHG emissions from its demand being around 1 kg CO2 eq./cap 
day. Food products, post and telecommunications and finance and insurance activities had impacts 
between 60 and 0.80 kg CO2 eq./cap day.  

Food products sector and coke, petroleum and nuclear fuels sector have in common that the impacts 
generated by their demand are mainly from their own sector. This means that they are at the same 
time the polluter and the one demanding goods and services. On the other hand, other sectors such 
as financial and insurance sector and real estate activities sector have a great impact from their 
demand while their sector does not contribute at all to their emissions. This means that these sectors 
do not pollute directly and that all of their emissions come from the demand of goods and services to 
other sectors.  

There are great differences between the estimated impact of MPM and the estimated one from 
Aveiro. The main difference found is regarding the total GHG emissions generated by the two 
economies. The impact found for Aveiro is 25.8 kg CO2 eq./cap day, which is almost 2 times higher 
than the one for MPM. In order to corroborate the results obtained for MPM a second EIOA was 
carried out with a new input-output table from another database (EUROSTAT).  The results obtained 
were similar to the ones for the OECD data base (11.2 kg CO2 eq./cap day).  

Another important difference is the concentration of Aveiro’s emissions, were the demand of 3 
sectors (land transport, food products and construction) have higher per capita emissions than the 
whole per capita economy of MPM. These 3 sectors have a pollution derived from their demand 
around 5 kg CO2 eq./cap day each, which is only approximated by the wholesale and retail trade in 
MPM with 3.75 kg CO2 eq./cap day. 

 

Life Cycle Assessment (LCA) 

The main inputs considered in the LCA were 5.6 koe/cap/day of energy inputs, 2.5 kg/cap/day of 
food and drinks, 22.8 kg/cap/year of construction materials, 0.5 kg/cap/day of other products and 
214 kg/cap/day of water. Around 25 kg/cap/day were accumulated as stock. The main outputs 
considered were 201 kg/cap/day of wastewater, 1.8 kg/cap/day of MSW, 5.7 kg/cap/day of other 
wastes and 11,40 kg/cap/day of atmospheric emissions. 

These inputs and outputs generated a CC impact of 18.8 kg CO2 eq./cap/day. The largest contribution 
came from the energy sector with 11.4 kg CO2 eq./capday. The rest of the sectors had a small 
contribution to the total, being the most significant impacts from food and drinks (3.7  kg CO2 
eq./cap/day) and construction (2.2 kg CO2 eq./cap/day).  Regarding the FD impact, the total impact 
was 3.6 koe/cap/day. As well as the CC, the majority of the contribution to the total came from the 
energy sector (2.0 kg CO2 eq./cap/day). In a much lower degree, construction, food and drinks and 
other products also contributed to the depletion of fuel.  
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If our results are compared to the ones obtained for Aveiro, again the CC impact as well as the FD 
impact of MPM is almost half the per capita impacts from Aveiro. The energy sector is the only one 
that has a similar impact in both cities, being 11.4 kg CO2 eq./cap/day for MPM and 17 kg CO2 
eq./cap/day in Aveiro. Due to the different energy mix in both countries, the FD impact in Aveiro is 
double the one in MPM. This is explained by the electricity generation from nuclear power in France. 
The food and drinks sector has a more than double impact in Aveiro than in MPM. There is not an 
explanation for this other than we are missing data regarding food and drinks inputs. This is clearly 
seen when comparing the food and drinks inputs per capita in both cities, being double in Aveiro 
than in MPM. The only sector which had a similar impact in MPM and in Aveiro was the construction 
work sector. And finally, the CC impact of MSW disposal in Aveiro was more than double the impact 
in MPM. This is mainly due to the differences in managing the waste in the two cities, where in 
Aveiro most of the waste in landfilled while in MPM most of the waste is combusted to obtain 
energy. 
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Conclusion 

World urban population is steadily increasing together with its impact on the biosphere. For the first 
time in human history urban population is larger than rural population. This urban population 
demands goods and services which have a negative impact on the environment. On the other hand, 
due to their high population density, urban areas can bring the opportunity of increasing the 
sustainability of many people at the same time. In order to reduce the environmental impacts 
generated by the increasing demand of goods and services from urban population, the urban 
metabolism of these areas must be studied.  

Three different industrial ecology methodologies were used to estimate MPM’s urban metabolism, 
namely MFA, EIOA and process LCA. The objectives of this research were firstly to benchmark MPM’s 
urban metabolism and to compare it to other cities within the Ecotech Sudoe network; and secondly 
to see if these three methodologies could be used to estimate MPM’s metabolism and give 
compatible results between them. The results obtained in this research, together with results from 
other urban areas within the Ecotech Sudoe network, can be further used to propose measures to 
increase the sustainability of the studied urban areas. 

The CC impact obtained ranged from 18.8 kg CO2 eq./cap/day estimated with the process LCA 
methodology to 13.7 kg CO2 eq./cap day given by the EIOA. The FD impact ranged from 8.4 koe/cap/ 
day in the MFA to 3.6 koe/cap day with the process LCA. This difference in the FD impact is due to 
not being able to account for the contribution of the transport sector to this impact. In general, the 
results obtained show compatibility among the three methodologies used, giving similar results for 
the selected impacts. Therefore, it is possible to affirm that the selected methodologies are useful to 
estimate a cities urban metabolism and at the same time are compatible among them. 

EIOA was found to be a very useful tool, both in effectiveness and efficiency, giving an accurate 
diagnosis of the area of study at the same time being time and resource efficient. On the other hand, 
MFA and LCA gave a more detailed result of the material and energy throughput although at the 
same time being highly resource and time intensive. In particular, process LCA was found to give the 
most accurate results in terms of environmental impacts at the cost of being the most time 
demanding. 
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List of appendices 

APPENDIX 1. Energy final consumption of residential sector 

 

Figure 34 - Final consumption in toe of residential sector, adapted from Energ’Air, 2007 
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APPENDIX 2. Energy final consumption of commerce and services sector 

 

Figure 35 - Final consumption in toe of commerce and services sector, adapted from Energ’Air, 2007 
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APPENDIX 3. Energy final consumption of the transport sector 

 

Figure 36 - Final consumption in toe of transport sector, adapted from Energ’Air, 2007 
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Bois et déchets 
assimilés
27 457,88

Déchets agricoles et 
farines animales

2 460,85

Autres comb. solides 
/ Pneus

3 188,51

Pétrole brut
9 926,13

Fioul lourd
13 200,75

Fioul domestique
73 921,71

Solvant usagé (autre 
que G3000)

2 026,47

Solvant usagé (type 
G3000)

6 010,87

Autres déchets 
liquides
183,13

Autres produits 
pétroliers 

(graisses…)
5 324,49

Autres combustibles 
liquides

355 805,06

230 237,17

Gaz naturel (sauf 
GNL)

540 964

Gaz de pétrole 
liquéfié (GPL)

25 902,94

1 224,55

Gaz de raffinerie / 
pétrochimie
341 019,74

Autres comb. gazeux
1 061,47

Electricité
1 284 596,4

dont 359,87 tep  (EnR)
et  8 938,29 tep  (Cogen)

1 656,92

Essence
113 104,58

112 760,65

Chaleur et froid 
(PAC?)

4 572,96

Solaire thermique 
(production locale)

141,09

Gazole
289 624,41

289 624,41

Essence aviation 
16 152,94

16 152,94

Poids lourds

Véhicules personnels

Véhicules utilitaires

Bus

Transport ferroviaire

Motos

Transport aérien

Transport maritime

Autre transport non 
routier

63 846,51

143 386,73

67 192,44

14 436,57

762,16

12 240,78

416,14

8 095,32

99 007,97

5 657,36



 

83 
URBAN METABOLISM OF MARSEILLE PROVENCE METROPOLE  
Nicolas MAT, Álvaro GONZÁLEZ-ROOF – Ecole des Mines d’Alès, 2012 
 

 APPENDIX 4. Main steps of treatment of WWTP of Marseille 

 


