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Abstract: Moving toward sustainability is a social challenge that entails urban planning and the
environmental impact of the transport and waste management system of the territory. This article
studies the chain’s service area size of biomethane recovery of the municipal organic waste, a model
is created to study the energy generated to determine the allocation and the location of the digester.
This paper critically reviews the transportation energy losses that are related to the distance and to
the technology used to transportation, but also to the location of the digester and the availability of
organic waste of the region. The collection and the transportation of the organic waste to the transfer
station are studied considering the use of a 10-ton payload truck and the transportation to the digester
is studied considering the use of a truck with different payloads: 9, 18 and 27 tons. The results show
that depending on the availability of organic waste and the distances to travel, having many digesters
in the territory has a positive impact, over the most common use of a unique digester in the region.
Results also demonstrate that in the less populated regions, the energy differences due to the location
of the digester became less important. To demonstrate the applicability of the proposed framework,
this paper focuses on a real-life case study of the administrative region of the Montérégie in the
province of Québec, Canada was studied. This approach can be used in other territories and provides
insights for city planners or policy markers regarding the sustainability of the waste management on
the territory.

Keywords: Sustainable development; energy balance; biomethane recovery; transportation;
collection

1. Introduction

Sustainability is defined as the interaction of the pillars of environment, economy and society.
Moving towards sustainability implies a social challenge of searching for the change of the status
quo. Waste generation in cities is a growing problem and city planners need to develop waste
management systems for cities that are constantly evolving. Urban waste management is becoming
one of the most relevant issues in modern society associated with the growing concern for
environmental preservation, urban planning (transport) and pollution control. In the last decades,
the focus of waste management shifted from final disposal to the development of a circular economy
approach based on resource and energy recovery (Zhou et al. 2018).

In recent years, the competing needs for land, food and bioenergy production have been at the
forefront of the policy debates (Benites-Lazaro et al. 2020) including the chain’s service area size and
the availability of organic materials. The potential energy recovered from many materials is studied
(Dey and Thomson 2023) considering the availability and the territory (Awedem Wobiwo et al. 2018).
Recovering bioenergy from municipal organic waste has gained increasing importance worldwide
(Ahrens, Drescher-Hartung, and Anne 2017) and many biological treatments are available to produce
biogas from an organic waste fraction of municipal solid waste (Tabatabaei et al. 2020). Despite all
the available technologies, anaerobic digestion has the best environmental and economic
performance (Tock and Schummer 2017).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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There’s a growing interest in sustainability and anaerobic digestion (Baldé et al. 2022) and biogas
offers important environmental benefits like the reduction of the greenhouse gas (GHG) emissions.
Biogas production in Europe is estimated to be 963 PJ (9.63 X 10'7]), resulting in 60% of GHG reduction
(Ullah Khan et al. 2017). In addition, the world share of biomethane used for fuels is supposed to
rise up from 2% today to 27% in 2050 (Ullah Khan et al. 2017). In 2020, in Canada, the emissions
reductions were estimated at 8.2 Mt COz and these can increase to 23.6 Mt CO2by 2050, accounting
for both avoided methane emissions and displaced fossil fuels use (“Canadian Biogas & RNG Market
Summary Report — October 2023” 2023). In 2021, Canada had nearly 300 biogas and renewable natural
gas projects processing 2 million tons of manure, crop residues and off-farm organic annually,
generating over 20 PJ of energy from agricultural and industrial digesters, municipal and industrial
treatments and landfills. The industry renewable natural gas production is projected to quadruple in
the coming years (“Canadian Biogas & RNG Market Summary Report — October 2023” 2023).

This renewable energy can be used for transport fuels or electricity generation (Ayodele et al.
2019), it can displace conventional fossil energy sources and GHG emissions. In the case of waste
transport, the principle of economies of scale shows that grouping flows from different producers to
a transfer station could reduce the transportation costs (Dongqing, Xingmei, and Zhong 2022)
According to this principle, many municipalities attempted to mutualize their waste to benefit from
the economies of scale (Ktidela et al. 2019). When considering the economic impact of the waste
collection, the environmental impact of the transport structure and lack of adaptability to the territory
are the main drawbacks (Ghosh, Ng, and Karimi 2023) of the application of this principle in waste
management of materials. The represents Error! Reference source not found. the biomethane
recovery process from the collection of the organic waste to the transfer station ant then the transport
to the recovery facility.

Transport
level 1

Transport
level 2

O

Collection in Transfert Recovery
the territory station facility

Figure 1. Biomethane recovery process.

As seen in Error! Reference source not found., the territorial aspect plays a double role in the
recovery process: on one hand transport level 1 that represents the collection and transportation of
the organic waste in the territory going to the transfer station and, on the other hand, the
transportation level 2 that represents the transportation of the organic waste from the territory to the
recovery facility. The waste management system could benefit from the use of different
transportation methods accounting for the territory morphology and population density (Anderluh,
Hemmelmayr, and Nolz 2017). It has been established that the waste collection and transportation
are related to the parameters of waste generation in the territory, so the transport structures need to
be adjusted to the city’s structures and population distribution’s (Tanguy et al. 2016).

Usually, the current situation in most cities is the curbside waste collection using the same
transportation method and this situation is creating much noise and traffic inconvenience. This article
creates a model based on the energy balance of the biomethane recovery process to study the impact
of the territorial aspect of the gains and losses of energy on the different steps of the entire process.
Some authors tackled the location and allocation of the waste management using the spatial
interaction of the model in a constrained environment, showing the impact of the transport in the
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production chain of biomethane (Zbib and Weghlk 2019) but the energy recovered from the
biomethane recovery process was neglected.

The allocation of organic waste and the distribution of resources in the supply chain for
anaerobic digesters was studied to diminish the total cost of supplying materials and studying the
biomethane production system (Sailer et al. 2021). Computational tools have been used to determine
the digester location (Sarker, Wu, and Paudel 2019) and in some cases, geographic information
system (GIS) were used to study the spatial distribution of waste management facilities like the
transfer station (Ghosh, Ng, and Karimi 2023). The GIS tools are used to analyze the temporal and
spatial evolution of the system, including the suitable locations, optimal sizes and number of biogas
plants needed in the region to process the biomass that can be collected (Sanchuan et al. 2019).

Homogenous urban form across different areas of the city fails to provide details to study the
effects of urbanization on the environment (Liu et al. 2017). The paper focuses on developing a
systemic method for locating biomethane recovery facilities based on the energy balance of the
biomethane recovery chain. The economic aspect of the waste management process is not studied,
this approach is based on an energetic evaluation of the process. This model is based on the energy
balance of the waste management process integrating the technological challenges of the biomethane
recovery and the different levels of transportation. The goal of the model is to compare the energy
availability of different regions at a large scale, for more accurate results other computational tools
are available, increasing the cost of the assessment.

The novelty of this paper is that the energy spent in collection and transportation from the
household to the digester is included in the study to shed light on the energy efficiency of the global
chain of biomethane recovery. Many aspects of waste management process are considered for a single
territory to study the energy impact of the location of the recovery facility. The chain’s area service
size, the allocation of municipal waste and the number and location of the digesters are analyzed to
study the losses of the biomethane recovery process. This model represents an opportunity for the
waste management sector to improve the supply chain of biomethane recovery considering the
location of the digester and the characteristics of the territory.

2. Materials and Methods

The model developed is based on a systemic approach that considers the gains and losses of
energy of the biomethane recovery system. The global energy of the biomethane recovery system
includes the energy spent for collection and transport level 1 of municipal organic waste, the energy
spent for transport level 2 of the municipal organic waste and the energy spent for the biological
treatment and the energy embedded in the biogas. The data of different anaerobic digesters operated
in real conditions in the province of Québec is used to calculate the volume of biomethane produced
(Ministere de 'environnement et la lutte contre les changements climatiques 2022). The simplicity of
this approach allows comparing different scenarios considering the location of the digester without
the need for costly computational tools.

To study the impact of the location of the recovery facility on the energy recovery, different
scenarios are studied. First the losses of collection and transport level 1 and level 2 are calculated
when there’s only one recovery facility per region, this is considered the centralized scenario. In the
scenario A, the municipal organic material is sent to the digester in the MAS municipality. Then the
impact of the location of the digester is analyzed when there’s one recovery facility per municipality,
this is considered the scenario B or decentralized. This situation represents the maximum energy that
can be recovered when there’s no transport level 2 in the territory. The scenario C is the centralized
scenario, but the municipal organic waste is sent to a digester situated in the ROS municipality. To
study the energy losses of the centralized scenario and the impact of the location of the digester in
the territory, a new scenario D is created. In the scenario D, there are multiple digesters in the region
and the municipal organic waste is sent to the closest one. These scenarios are presented in Error!
Reference source not found..
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Table 1. Description of different scenarios.
Scenario Description
A Centralized: the organic waste is sent to the digester in the MAS
municipality
Decentralized: the organic waste is sent to the digester in the centre of each
municipality
C Centralized: the organic waste is sent to the digester in the ROS
municipality

Centralized to multiple digesters: the organic waste is sent to the digester in
the MAS or ROS municipalities
This systemic model is based on the relation between the territory dimension and the availability
of municipal organic waste generated and collected. The Error! Reference source not found.
represents the different levels of transport involved in the global process of organic waste collection
for different municipalities, different municipalities are represented by different colours.
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Figure 2. Different levels of collection and transport.
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The gain of energy obtained by the production of biomethane is presented in (2)Error!
Reference source not found. at it represents the energy embedded in the biomethane.

Energy generationcua = LHVcha X Vepy )

where:

Energy generation cua: €mbedded energy in the biomethane (M]/period)

LHV;y,: 36 MJ/Nm? (International energy agency 2020)

Vena: volume of biomethane produced (Nm3/period)

LHV,y, represents the lower heating value of biomethane. This considers the energy value of the
biomethane after the upgrade from the biogas, the product can be used without the need for any
changes or transformations, and it can be used in natural gas vehicles.
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2.1. Energy Losses of Collection and Transport Level 1

To calculate the distances and therefore the energy spent during collection and transport, this
article presents a model where the area is divided in smaller squares where each small square
represents the area of the collection of one truck. The breakdown of the area is represented by a
symmetrical grid, and the anaerobic digester is located at the centre of the territory. This approach
allows for calculating the total collected organic waste using the variable of the dimension of the
territory.

To calculate the distance travelled by the truck in the collection and transport level 1 two
different configuration types are presented in Error! Reference source not found..

(a) (b)

n n
«—  » -« »
d d
n A
X n

Figure 3. Configuration breakdown grid type (n x n) centred on the recovery facility with the cell unit of
collection represented by d2 dimensions for both configuration types: (1) even number of cell units in the grid
to travel from the unit cell to the digester or (2) uneven number of units in the grid to travel from the unit cell to

the digester.

where :

d is the dimension of each cell unit

The model is based on a cycle of collection or a defined period, so the energy balance and all the
parameters are based on that period that can be adapted to the territorial situation. The equations
that define the territorial breakdown are presented in Equation ((3) and Equation (4).

Waste ot 3)

Ntravel =
C
truck

where:

Neraver: NUMDber of travels or collection cycles needed for the collection of the organic waste of
the area (unit/period)

Waste,q;: total collected waste of the area (t/period)

Ciruck: payload of the truck used for the collection and transportation (t/truck)

“4)
n = \M¢ravel

where:

n is the number of unit cells to cover the entire area and the cell unit has an area of d2.

The area of each unit cell is calculated considering the quantity of municipal organic waste
available and the density of the population in the territory, and it is presented in  (5).

C
d2 = — Uk <1000 ®)
Whap X dpop
where :

d? :area of each unit cell (km?)
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Whep : quantity of municipal organic waste generated (kg/people/period)
dpop : density (people/km?)
The dimension of each cell unit of the grid is represented in (6.
C
d= |—T% %1000 (6)

Whap X dpop

The distance for the collection of organic waste considers, on one hand, the capacity of the truck
and, on the other hand, the availability of organic waste and the density of population and roads in
the area. The dimension of the cell is presented in Equation (6) and the distance of collection per cell
unit dcg,,q, is presented in Equation (7).

C d
ACyer = —HK 5 21002 1000 )
Whab pop

where :

dcerycr: distance of collection per cell unit (km/period)

droqq: density of routes (km/km?2)

Then, the total distance of collection for each scenario is calculated by multiplying the distance
of each cell unit dcg;,, by the number of cells considered (n x n). This total distance of collection
for each scenario DC,qq; is presented in Equation (8).

DCiotar = dCiryck X (N X 1) ®)

where :
DCiptqr: total distance of collection (km/period)

This approach allows relating the dimension of the territory to the energy spent not only on the
municipal organic waste management but also on the biomethane recovery system. Considering the
dimension of the cell as a variable, this model calculates the distance of collection and transport level
1 and the availability of municipal organic waste to be transformed in biomethane.

The total distance travelled one way on the transport level 1 represents the total distance
connecting the centre of all the unit cells and the centre of the area, this distance is represented in
Equation (10) and Equation (10). In this model, the recovery facility is located in the middle of the

area.
n
even : DTiot1way = ((E) X nz) x d ©)
n
uneven : DTiotaway = <(§) X (n—1) x (n+ 1)) x d (10)
where :

DTiot1way is the total distance travelled one way from the centre of each unit cell to the recovery
facility (km/period).

The total distance travelled to go pick up the waste and then come back is represented in
Equation (12) and Equation (12).

even : DTtot,Zways = n®*xd (11)
uneven : DTtot 2ways = (n X (n=—1)Xx (n+ 1)) xd (12)
where :

DTt 2ways : total distance travelled from the centre of each unit cell to the centre of the grid or
the recovery facility for the reference situation(km/period).

In the simplified systemic approach developed in this paper, the digester is situated in the centre
of a grid-type structure, and this allows for calculating the total energy consumed for transport level
1 using DTyt 2way presented in (11) and (12) and DCipzw, presented in (8). The total energy


https://doi.org/10.20944/preprints202502.1670.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 February 2025 d0i:10.20944/preprints202502.1670.v1

7 of 18

consumed for collection and transport level 1 includes the embedded energy of the fuel used for the
truck, in this case, is the fossil fuel consumption to produce 1 litre of diesel. These energies are
presented in (13) and (14).

Ec = (FCC X DCtotal) X Egiesel (13)
Er = (FCT,L' X DTtot,Zway) X Egiesel (14)
where:

FC¢: fuel consumption of trucks on the collection mode (L/km)

FCr;: fuel consumption of trucks on transportation modes (L/km)

Egieser: embedded energy in 1 litre of diesel (42.6 MJ/L; (Tanguy et al. 2017))

Some authors like (Pantaleo, Gennaro, and Shah 2013) and (Wright and Brown 2007) include the
tortuosity of the territory (t) that represents the ratio of road length and the length of the arc
connecting two adjacent nodes of the grid to account for the lack of linearity of some roads. But this
factor is not included in this paper, because the actual values of density of population and roads are
used, these values are based on the data of the province of Québec (Ministere des transports du
Québec 2022).

The values used in Equation (13) and Equation (14) are fuel consumption of collection (FC¢) of
0.84 L/km and fuel consumption in transportation mode (FCr ;) for the transport level 1 of 0.61 L/km
(Di Maria and Micale 2013).

2.2. Energy Losses of Transport Level 2

The situation that represents the maximum energy that can be recovered is represented when
there’s no transport level 2 in the territory and the recovery facility is located in the municipality

The second level of transportation of the organic waste, from the transfer centre to the recovery
facility is studied considering the transportation using a truck different payload. The payloads
studied are 9, 18 and 27 tons and fuel consumption FCy; for transport level 2 are FCrq = 0.25 L/km,
FCr1 =028 L/kmand FCr,; =0.30 L/km (Franzese and Davidson 2011).

In the simplified systemic approach developed, the digester is situated in the capital of the
municipality, and this allows for calculating the total energy consumed using this value as the
distance presented in (11). The energy consumed for the transportation level 2 is presented in
Equation (15).

(15)
Etransport level 2 = (FCT,L' X DTlevelz,Z ways) X Ediesel

where:

Etransport 1ever 2 18 the energy spent on transportation level 2 (M]/period).

DTieper 2ways Tepresents the distance to the digester back and forth (km)

In this paper, the tortuosity factor (t) is not included because the actual values of density of
population and roads are used, these values are based on the data of the province of Québec
(Ministere des transports du Québec 2022).

2.3. Location of the Recovery Facility

To study the impact of the distance from the territory to the digester, the digester is situated in
the centre of each of the municipalities of the region to eliminate the losses dues to the transport level
2.

To analyze the impact of the location of the recovery facility two scenarios are studied. The
scenario A includes only one recovery facility in the region, which represents the centralized scenario.
Then, scenario B considers one recovery facility at the centre of each municipality, which represents
the decentralized scenario, in this scenario the energy losses of transport level 2 are avoided.
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2.4. Description of the Study Case: Montérégie, Québec, Canada

The province of Québec in Canada is divided in different administrative regions, one of them is
the Montérégie. It covers a territory of 8764 km? with a population of 1'433'085 people, and it is
divided in 13 municipalities. It is one of the southern provinces, and it presents a large array of
density of population. The Error! Reference source not found. represents the geographical situation
of the Montérégie region in Québec.

Figure 4. Location of the Montérégie region (in red) in the province of Québec, Canada data from (Gouvernement
du Québec 2024).

The linear density of the population which is the number of people per unit of length, as defined
in Equation (16), this represents the availability of municipal organic waste per unit of length in the
territory.

. . . dpop
Linear density of population = —— (16)

road

The data of the province of Québec, Canada (Ministere de I'environnement et la lutte contre les changements
climatiques 2022) is used to study the biomethane recovery process. There are 12 projects of biomethane recovery
and composting approved in the province of Québec as taking part of the government program to process the
organic material. Only the data from those projects is available on the government database (Ministere de
I'environnement et la lutte contre les changements climatiques 2022) and only 5 of these projects produce
biomethane from the municipal solid organic waste without considering the composting projects or the ones
processing municipal slurry. The data of different anaerobic digesters for biomethane recovery operated in real
conditions in the province of Québec is used to calculate the volume of biomethane produced, this is shown in
Figure 5. Production capacity of biomethanization facilities in Quebec, Canada. Data collected from (22).

Error! Reference source not found..
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Figure 5. Production capacity of biomethanization facilities in Quebec, Canada. Data collected from (22).

In the case of collection and transportation level 1, the payload of the truck is 10 tons. In all cases,
the collection cycle considered is one week. In the case of the transportation level 2, the payload of
the truck Cpqycr is considered 9, 18 or 27 tons.

3. Results

The goal of this paper is to study the energy of the chain’s service area size of biomethane
recovery and the impact of the changes of the location of the digester on the energetic evolution. A
systemic approach based on the energy balance of the process is used: first, the efficiency of the
digester is calculated for the scenario A where only one digester is available in the region, in scenario
A the energy losses of collection, transport level 1 and level 2 are calculated. Then, the efficiency of
the digester is calculated for the scenario B where the digester is situated in each municipality and
there the energy losses of collection and transport level 1 are the only losses to be considered. Finally,
this approach is used to study the impact of the location of the digester and the use of two different
digesters on the same region.

The distance of collection and transportation in the area is calculated when the collection truck has
a payload of 10 tons, these distances depend on the population and road density of the territory.
The territorial data is extracted from (Gouvernement du Québec 2022) and (Gouvernement du
Québec 2021), it’s presented in Error! Reference source not found..

Table 2. Municipalities and density in the administrative region of Montérégie in Québec, Canada data extracted
from (Ministere des transports du Québec 2022).

Linear density

e . . Area Road network Density Road density X
Municipality Population (people) (km?) (k) ot st (kn/km?) of population
(people/km)
Acton (ACT) 15’965 579 440 28 0.76 36.3
Beauhamois-Salaberry 67'899 468 720 145 154 94.2

(BSA)
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Haut Richelieu (Le) ; ;
(HRI) 122’526 936 1’399 131 1.49 87.6
Haut Saint Laurent (Le) , ,
(HSL) 22200 1157 988 19 0.85 225
Jardins de Napierville ,
(Les) NA) 31295 802 599 39 0.75 52.3
Longueuil
(agglomération de) 434’711 282 17963 1'542 6.96 221
(LON)
Maskoutains (Les) , , ,
(MAS) 89’575 1’303 1’158 69 0.89 77 4
Margueritte-D’Youveille ,
(MYO) 80742 348 600 232 1.72 135
Pierre-De Saurel (PDS) 51800 594 679 87 1.14 76.3
Roussillon (ROS) 1847980 372 1’120 497 3.01 165
Rouville (ROV) 37680 482 487 78 1.01 77.3
Vallée du Richelieu (La) 132'315 587 1070 225 1.82 124
(VRI)
Vaudreuil-Soulanges ; ;
(VSO) 161'397 854 1’518 189 1.78 106

The results in Error! Reference source not found. show that the dimension of the cell and the
population density of the municipality are related with the linear density, which represents that when
an area has a bigger dimension it also has a bigger linear density.

3.1. Losses of Energy Depending on the Different Levels of Transport

The energy losses of collection and transport levels 1 and 2 are calculated for the different
municipalities and different payloads. Error! Reference source not found. shows the energy lost in
collection and transportation level 1 and level 2 for the scenario A, with only one digester in the
region, that is situated in the municipality of MAS.

80000
E collection
70000 B E transport level 1
WE transport level 2 (9 tons)

% 60000 ME transport level 2 (18 tons)
g E transport level 2 (27 tons)
> 50000
2
9 40000
a
2 30000
>
o
2 20000
w

o l I 'I l I |

o b | e s 1 d 1h -
ACT BSA VRI HRI HSL INA MAS LON MYO PDS ROS ROV VSO

Figure 6. Energies of collection and transportation level 1 and level 2 for the scenario A.

Results in Error! Reference source not found. show that the energy losses of transport level 2
diminish when transporting the municipal organic waste with a truck with a bigger payload.
Therefore, the percentage of energy losses for the transport level 2 is calculated when using a tuck
with a 27-ton payload.
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3.2. Comparison of Different Scenarios and Digester Location

The results in Error! Reference source not found. show the energy of the recovery process and
the percentage of energy losses for each municipality when considering scenarios A and B. Scenario
A represents the centralized scenario which includes the energy losses of collection and transport
level 1 and also transport level 2, and scenario B represents the decentralized scenario which includes
a digester in each municipality and by doing so, only the energy losses of collection and transport
level 1 are considered.

Table 3. Energy losses of scenarios A and B.

MUNICIPALITY WASTE ENERGY
Collect Transport1 | Transport 2
(MJ/week) (MJ/week) (MJ/week)
(% of (% of (% of
potential) potential) potential)
(code) (t/week) Potential (M]/week) Recovery Recovery
Sc.B Sc.A
(MJ/week) (M]/week)
(% of (% of
potential) potential)
A (centralised) to MAS
scénarios =
B (decentralised) >
35’878 3'775 983
Acton >100% 89.0% 23.2%
17.6 4'244
(ACT) -357409 -36'392
<0% <0%
31'067 4'937 7'182
Beauharnois-
>100% 29.92% 43.5%
Sallaberry 74.7 167496
-19'507 -26'689
(BSA)
<0% <0%
59'422 13’857 7220
Haut Richelieu (Le) >100% 32.1% 16.7%
135 43225
(HRI) -30'055 -37'275
<0% <0%
57'937 4’525 3471
Haut Saint-Laurent
>100% >100% 81.8%
(Le) 244 4'244
-58'219 -61'690
(HSL)
<0% <0%
Jardins de 24’898 3174 4'043
Napierville (Les) 34.4 4244 >100% 74.8% 95.3%
(JNA) -23'828 -27,871
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<0% <0%
71’984 21200 23’074
Longueil
25.6% 7.53% 8.20%
(Agglom. de) 478 281’526
188’342 165268
(LON)
66.9% 58.7%
67265 19122 101
Maskoutains (Les) >100% 44.2% 0.02%
98.5 43225
(MAS) -43'162 -43'264
<0% <0%
21761 3’907 37496
Marguerite-
>100% 23.7% 21.2%
D'Youville 88.8 167496
-9'172 -12'668
MYO)
<0% <0%
38’359 6’366 4127
Pierre-De Saurel >100% 38.6% 25.0%
57.0 167496
(PDS) -28'22as9 -32'356
<0% <0%
49'219 13’333 137437
Roussillon 53.9% 14.6% 14.7%
203 91248
(ROS) 28’696 15259
31.4% 16.7%
37'860 6’727 1819
Rouville >100% 40.8% 11.0%
414 167496
(ROV) -28'091 -29'910
<0% <0%
42'088 10562 4074
Vallée du Richelieu
97.4% 24.4% 9.42%
(La) 146 43225
-9'426 -137499
(VRI)
<0% <0%
76’488 21'623 17290
Vaudreuil-Soulange 83.8% 23.7% 19.0%
178 91248
(VSO) -6'862 -24'153
<0% <0%

The results of Error! Reference source not found.Error! Reference source not found. show that
the municipalities with a bigger availability of municipal organic waste and a big territory have a
bigger percentage of losses of collection and transport level 1 and in these cases to diminish the
energy losses, having multiple digester in the municipality can be considered.

In the cases of the bigger municipalities with a higher availability of organic material where the
percentage of energy losses of collection and transport level 2 are important, the use of a digester in
a nearby municipality should be considered.
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There are two different situations to consider when allocating the organic municipal waste
facilities to diminish the energy losses of transport level 1 or level 2. So, there’s a comprise to be
considered between the proximity of the municipality to the transfer station and to the digester.

4.3. Allocation of Municipal Organic Waste

To diminish the energy losses of transport level 2, a new scenario is created. Scenario C
represents the case where a second digester is located in the municipality of ROS and this represents
the centralized scenario when the organic waste is sent to the ROS digester. Then the scenario D is
created where the organic waste is sent to the digester that is closer to each municipality’s transfer
center, this represents the mix between scenarios A and C. The Error! Reference source not found.
shows the energy losses for the transportation level 2 when the digester is located in different

municipalities.
Legend
Scenario A: % of potential energy dedicated to Transport Ivl 2
({gkenario C: % of potential energy dedicated to Transport Ivl 2 N
N -AE: Energy difference [MJ/xx] between scenarios A and C 1 / \
AE <2'500 M) /week 5 W\ /E
2'500< AE <7'500 M) /week PDS S
AE >7'500 MJ /week
* Digester location (scenario A or C) / | g a0 2 30km
| Act

List of municipalities
ACT _|Acton
BSA |Beauharnois-Salaberry
HRI |Haut Richelieu (Le)
HSL _|Haut Saint Laurent (Le)
JNA |Jardins de Napierville (Les)
LON _|Longueuil (agglomération de)
MAS |Maskoutains (Les)
MYO |Marguerite-D'Youville
PDS _|Pierre-De Saurel
ROS _|Roussillon
ROV__|Rouville
VRI__|Vallée du Richelieu (La)
VSO _|Vaudreuil-Soulanges

Figure 7. Study of allocation of organic waste and location of the digester in the Montérégie region.

The difference of energy losses between scenarios is also shown in Error! Reference source not
found.Error! Reference source not found., when this difference is small, there’s not a big impact on
changing the digester to which the organic waste is transported. In those cases, there’s not a big
impact on which of the digester is used and that the municipal organic waste can be rerouted with a
little energy impact. Additionally, the results in Error! Reference source not found. show that there’s
a relation between the availability of organic waste and the difference of energy losses of
transportation level 2 between scenarios. The impact of the difference of location of digester on a
municipality increases with the availability of organic municipal waste in the municipality.

The total energy losses of transport level 2 for all these scenarios are presented in Error!
Reference source not found..
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Table 4. Results of energy losses of transport level 2 for scenarios A, C and D.
ENERGY
Parameters Transport 2 (MJ)
(% of potential)
scenario A scenario C scenario D
mixed MAS and
centralised to MAS | centralised to ROS

ROS
Total losses transp level 2 (MJ/week) 90’317 60’117 44’519
% of potential 13.4% 8.94% 6.62%

Fuel consumption (I/week) 2’120 1’411 1°045

GHG emissions (t CO,/year) 298 198 147

The results in Error! Reference source not found. show that the location of the recovery facility
influences the energy losses of the global process of energy recovery. The change of the digester from
MAS to ROS for the centralised scenario to one unique digester represents 0.67% of the potential
energy benefit but when considering the energy losses of scenario D, the percentage of energy losses
of scenario D represent 49% of the scenario B and 72% of the scenario C. The fuel consumption of
transport level 2 is calculated for each of these scenarios considering the embedded energy in 1 litre
of (42.6 MJ/L; (Tanguy et al. 2017)) and and the GHG emissions are considered 2.7 kgCO: per litre of
diesel consumed (Ressources naturelles Canada 2014). Considering the fuel consumption and the
GHG emissions per year, the economic and environmental costs of the change of the digester location
can be calculated.

When considering the multiple digester situation in the region, there’s a compromise to be made
between the energy losses and the investments of having more than one digester per municipality,
the cost of the industrial infrastructure in the area and the investments or disturbance of the transport.

5. Discussion

The analysis of the energy of the chain’s service area size of biomethane recovery considering
the population and road density shows that the creation of clusters within a city with a high
population density is beneficial for the energy cost of material transportation but the energy losses of
the chosen transportation method had to be evaluated. The energy spent on collection and transport
level 1 depends on the distance travelled, the population density, route density and size of the
municipality but also on the number of trucks needed to transport the municipal organic waste
available. There are two different situations to consider when allocating the organic municipal waste
facilities to diminish the energy losses of transport level 1 or level 2. So, there’s a compromise to be
considered between the proximity of the municipality to the transfer station and to the digester.

In the case of municipalities with higher energy losses spent on collection and transport level 1,
it can be considered to add another digester in the municipality to diminish the energy losses of
collection and transport level 1. In the cases of the bigger municipalities with a higher availability of
organic material where the percentage of energy losses of collection and transport level 2 are
important, the use of a digester in a nearby municipality should be considered. In the less dense
municipalities, with less availability of organic waste, the location changes of the digester have a
small impact on the energy of the chain’s service area size of biomethane recovery. Having the
digester closer to the municipality benefits the denser municipalities having a bigger availability of
municipal organic waste.

A major barrier towards the development of biomethane recovery is the scarcity of reliable
information for decision-makers about the biomass energy potential considering the territorial
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characteristics and geographical situation. In fact, except for very general data and statistics values,
there is poor information about the biomethane recovery and the quantity of organic waste that could
be converted into energy in a sustainable way. It is also important to mention that the speed of
transportation, the conditions, and the steepness of the roads impact the energy calculations of the
transportation methods.

This research considers the technological aspects of the waste management process, future
research on the economical aspects of the changes of the location of the biomethane recovery facilities
and the transport structure should be conducted. The energetic analysis without including the
economical aspect allows identifying the economic cost of an environmental improvement and make
an enlightened decision. The potential of this approach was demonstrated using the data of the
Montérégie region in Québec and using plausible transportation methods. However, payloads,
transportation methods and recovery technologies can be changed to be suitable to other materials,
cities or environments. Many countries had developed new technologies for smaller digesters that
can be installed (Chitaka and Schenck 2023) without compromising the efficiency of the biomethane
recovery. Even if the technology is available to the biomethane recovery to install smaller digesters,
the social acceptability of the anaerobic digester is a difficult step for many territories (Calisto Friant,
Vermeulen, and Salomone 2020).

The configuration of transport structure and digester should be chosen considering the
characteristics of the territory, thus finding the compromise between many aspects of it like
sustainability, environmental criteria, urgency of transportation, economic performance and energy
efficiency are necessary for the specific territory. The challenge for city planners is to generate a
collection and transport structure considering the location of the digester where the different steps of
the chain’s service area size of material recovery benefit the entire system.

5. Conclusions

This article examines the impact of the location of the digester in different municipalities in the
Montérégie region, Canada considering the characteristics of the territory. This highlights the fact
that the size of the territory impacts the energy losses of collection and transport to the transfer station
and the distance between the transfer station and the digester play a key role in the energy losses of
the energy global chain of recovery.

So municipal officers should consider the location of the transfer station and the allocation of
organic materials to study the energetic benefits of the global chain of biomethane recovery for the
territory’s characteristics. By the same token, the impact of noise, traffic and economic investment in
the area should also be evaluated for the location of the digester.

The approach used for the calculations of energy spent in the transport represents a conceptual
approach that can be generalized to the rest of the territory. Other methodologies using
computational tools can be more precise, but the methodology used in this article allows comparing
different scenarios.

It has been demonstrated that a compromise between the size of the territory, the distance from
the territory to the recovery facility and the allocated quantity of organic waste is crucial to improve
the energy recovery of the process.
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