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In this study, the carbon footprint of introducing a food waste disposer (FWD) policy was examined in the
context of its implications on solid waste and wastewater management with economic assessment of
environmental externalities emphasizing potential carbon credit and increased sludge generation. For
this purpose, a model adopting a life cycle inventory approach was developed to integrate solid waste
and wastewater management processes under a single framework and test scenarios for a waste with
high organic food content typical of developing economies. For such a waste composition, the results
show that a FWD policy can reduce emissions by nearly �42% depending on market penetration, fraction
of food waste ground, as well as solid waste and wastewater management schemes, including potential
energy recovery. In comparison to baseline, equivalent economic gains can reach �28% when environ-
mental externalities including sludge management and emissions variations are considered. The sensitiv-
ity analyses on processes with a wide range in costs showed an equivalent economic impact thus
emphasizing the viability of a FWD policy although the variation in the cost of sludge management exhib-
ited a significant impact on savings.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Population growth and development coupled with limited land
resources in urban areas have brought about challenges for deci-
sion makers to manage continuously increasing quantities of
municipal solid waste (MSW). In developing economies in particu-
lar, MSW is characterized with a high organic fraction in excess of
60% compared to less than 30% in developed economies (World
Bank, 2012; IPCC, 2006). This fraction can be diverted from the
waste collection system by introducing a food waste disposer
(FWD) at the household level, which direct the food waste stream
towards the wastewater collection and management system
(Iacovidou et al., 2012a). While effective in reducing the amount
of MSW to be managed, FWDs remain controversial because of
associated impacts related in particular to the generation of greater
and stronger volumes of wastewater and sludge to be managed in
addition to increased energy and water consumption, thus requir-
ing scrutiny when proposed to minimize waste sorting or landfill-
ing (Marashlian and El-Fadel 2005). The increase in wastewater
biochemical oxygen demand (BOD), suspended solids (SS), and
other nutrients due to the use of FWDs contribute to an increase
in emissions during wastewater management, coupled with an
increase in energy consumption and sludge generation for ultimate
treatment and disposal contributing also to an increase in emis-
sions (Iacovidou et al., 2012a).

Past efforts targeted the operational and feasibility of introduc-
ing a FWD policy into the MSW management system, with some
work reporting on the effect of such a policy on the net carbon
footprint (Table 1). The latter consists of the net emissions gener-
ated from the diversion of food waste to the wastewater and
sludge treatment systems.

On the other hand, while several emissions’ accounting models
have been developed [such as IWM (EPIC and CSR, 2004); WARM
(EPA/ICF, 2016); SIWMS (Hanandeh and El-Zein, 2010); EASTECH
(Clavreul et al., 2014); EpE tool (EpE, 2013); IWM-2 (McDougall
et al., 2001); CO2ZW tool (Itoiz et al., 2013), and the 2006 and
1996 IPCC models for National Greenhouse Gas Inventories], none
was designed to assess the impact on emissions’ inventory upon
introducing a FWD policy into the MSW and wastewater (WW)
management systems.

This study integrates these systems under a single framework
model developed to evaluate the carbon footprint of introducing
FWDs to reduce waste processing in the context of developing
economies where the food waste fraction exceeds 60%. The results
were then compared with a developed economy region with a
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Table 1
Selected studies assessing the FWD system.

Reference Impact coverage Reported impact of
FWD

Battistoni et al. (2007) Operational and
economic

Positive

Bernstad et al. (2013) Operational Positive
Bernstad Saraiva et al.

(2016)
Carbon footprint and
energy

Positive

Bolzonella et al. (2003) Operational Negative/Positive
CECED (2003) Operational Negative
Constantinou (2007) Operational and

economic
Negative

De Koning and Van der
Graaf (1996)

Operational and
economic

Positive

Diggelman and Ham (2003) Environmental and
economic

Positive

Evans (2007) Environmental and
economic

Positive

Evans et al. (2010) Operational and
economic

Positive

Evans (2012) Environmental and
economic

Positive

Galil and Yaacov (2001) Operational and
economic

Negative/Positive

Iacovidou et al. (2012 a) Operational and
environmental

Positive

Iacovidou et al. (2012 b) Operational and
environmental

Positive

Jones (1990) Operational Positive
Kim et al. (2011) Economic Positive
Lundie and Peters (2005) Environmental Positive
Marashlian and El-Fadel

(2005)
Operational and
economic

Positive

Nilsson et al. (1990) Operational Negative
Raunkjaer et al. (1995) Operational Positive
Yi and Yoo (2014) Environmental and

economic
Positive

Wainberg et al. (2000) Operational and
economic

Positive
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lower food waste fraction of 30%. The analysis was conducted
while considering the economics of environmental externalities
with a focus on sludge management and net emissions for poten-
tial carbon trading.
2 GWP100 are based on the fifth assessment report (AR5) of the IPCC (2013),
whereby the values of non-CO2 gases include climate-carbon feedbacks. Note that
without the latter in response to emissions of the non-CO2 gases, the GWP100 of CH4

and N2O is 28 and 265, respectively (climate-carbon feedbacks in response to the
reference gas CO2 are always included) (IPCC, 2013).

3

2. Materials and methods

2.1. Theoretical framework

Fig. 1 illustrates the model’s framework linking the MSW and
WW management systems upon the introduction of a FWD for
grinding food waste and discharging it with the WW stream. The
WW management system may consist of aerobic or anaerobic pro-
cesses with several sludge management (SM) options including
anaerobic digestion, composting, landfilling, incineration, or land
application. On the other hand, the MSW management system
include collection, transport, recycling, composting, anaerobic
digestion, incineration/open burning1, landfilling/open dumping1.
The assessment targeted emissions, materials recovery (e.g. recy-
clables), by-products (e.g. compost), economic and environmental
externalities, as well as energy produced or consumed across various
stages. The model accounts for direct operational emissions arising
from systems’ operations such as onsite equipment and waste degra-
dation, as well as indirect upstream emissions (inputs of energy and
material) and indirect downstream emissions (such as savings
related to energy and material substitution as well as carbon stor-
age). Emissions are estimated in Metric Tons of CO2 equivalent
1 Still unfortunately practiced in many developing economies
(MTCO2E) with carbon dioxide (CO2) having a 100-year global warm-
ing potential (GWP100)2 of 1 as a reference, CO2 biogenic of 0,
methane (CH4) and nitrous oxide (N2O) of 34 and 298, respectively
(IPCC, 2013).
2.2. Scenario definition: policy and economic analysis

The carbon footprint of introducing a FWD policy was examined
in the context of developing economies characterized with a high
food waste content (Table 2) with the objective to discern viable
waste management scenarios with considerations to the eco-
nomics of the main environmental externalities (i.e. sludge man-
agement) while targeting minimal landfilling and emissions’
reduction for potential carbon credit trading. The tested scenarios
encompassed several variables including (1) FWD market penetra-
tion rate of �75%; (2) amount of food waste grinded at the house-
hold level of �95%; (3) wastewater treatment (aerobic and
anaerobic processes) and sludge management alternatives (anaer-
obic digestion, composting, incineration, or landfilling); and (4)
upstream, operating-direct, and downstream (direct and indirect)
emissions. A quantity of 4000 Tons/day of commingled MSW col-
lected by a fleet of diesel powered vehicles3 were considered with
the waste composition presented in Table 2. The main scenarios
were first tested with a waste composition typical of a developing
economy characterized with a high food fraction in excess of 60%,
and then compared to a typical developed economy waste with a
food content <30%. The analysis also considered variations in waste
collected under several scenarios (Table 3) with the food waste
diverted from the MSW management to the WW system. Note that
many other combinations of scenarios can be tested and only a few
were selected for illustrative purposes. The scenarios that were
tested are:

Baseline Scenario 1 (SB.1): Collection/landfilling. This scenario
considers that all MSW is collected and landfilled (100%) with
energy recovery from landfill gas (LFG).

Baseline Scenario 2 (SB.2): Collection/Recycling/Composting/Land
filling. This scenario evaluates the potential to reduce the amount
of MSW that is landfilled by recycling and composting instead of
a FWD. Materials such as wood, paper, glass, metal, plastic, and
textile are recovered for recycling (10%) and food waste fraction
is composted aerobically (42%). The remaining waste stream
(48%) is collected and landfilled.

Baseline scenario 3 (SB.3): Collection/recycling/anaerobic diges-
tion/landfilling. This scenario also evaluates the potential to reduce
the amount of MSW that is landfilled by recycling and anaerobic
digestion instead of a FWD. Materials such as wood, paper, glass,
metal, plastic, and textile are recovered for recycling (10%) and
food waste fraction is digested anaerobically (42%) with energy
recovery. The remaining waste stream (48%) is collected and land-
filled with energy recovery.

Alternative Scenario 1 (SA.1): Collection/landfilling/aerobic
wastewater treatment/anaerobic digestion of sludge. This scenario
is an alternative for the baseline scenario SB.1 that considers the
integration of a FWD for grinding food waste (42%) and discharging
it with the WW stream for aerobic treatment while the sludge is
treated using anaerobic digestion. The remaining waste stream
(58%) is collected and landfilled.
Using an average of �6 L/Ton of waste as the overall diesel fuel consumption per
Ton of municipal solid waste collected and transported (adapted from Chen and Lin,
2008; Friedrich and Trois, 2013).



Fig. 1. Model framework.

Table 2
Average MSW composition (%). Adapted from IPCC, 2006; World Bank, 2012

Waste category Developing economy Developed economy

Food 60 30
Metals 3 6
Plastics 8 11
Papers 5 31
Glass 3 7
Wood 6 5
Textiles 2 3
Others 13 7

Total 100 100

The main scenarios were first tested with a waste composition typical of a devel-
oping economy characterized with a high food fraction of 60%, and then compared
to a developed economy with less food waste of < 30%.
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Alternative Scenario 2 (SA.2): Collection/landfilling/anaerobic
wastewater treatment/composting of sludge. This scenario is another
alternative for baseline scenario SB.1 that considers the integration
of a FWD for grinding food waste (42%) and discharging it with the
WW stream for anaerobic treatment with energy recovery while
the sludge is composted aerobically. The remaining waste stream
(58%) is collected and landfilled.

Alternative Scenario 3 (SA.3): Collection/recycling/landfilling/aero
bic wastewater treatment/anaerobic digestion of sludge. This scenario
is an alternative for baseline scenarios SB.2 and SB.3 that considers
the integration of a FWD for grinding food waste (42%) and dis-
charging it with the WW stream for aerobic treatment while the
sludge is treated using anaerobic digestion with energy recovery.
The remaining waste stream (58%) is collected and landfilled with
energy recovery.

Economic associations targeted the assessment of conventional
and environmental costs and savings for the tested scenarios. The
cost of MSW management is estimated by multiplying the average
costs (US$ per ton) of alternatives (Table 4) by the total amount of
waste managed. The cost of introducing FWDs includes (1) capi-
tal/operating costs, (2) costs of managing additional wastewater
and sludge loads, and (3) the cost of increased consumption of
domestic water for grinding the food waste (Table 5) with electric-
ity cost for operation of FWDs being minimal (Iacovidou et al.,
2012a; Marashlian and El-Fadel, 2005). Environmental savings
comprised costs forgone due to the decrease in requirements for
managing food wastes diverted from the waste stream (e.g. lea-
chate and gas management) (Table 5). Note that inflation was
not considered and values were taken at a constant year zero.

The offset of emissions was quantified based on the carbonmar-
ket price ranging from 0.1 to 44.8 US$/MTCO2E in 2015, with an
average price of 3.3 US$/MTCO2E, which is the lowest reported
market value from voluntary actors since 2006 (Ecosystem
Marketplace, 2016). This average is adopted to assess associated
benefits and allow cost savings estimation for reducing the carbon
footprint through regulated and voluntary global markets for trad-
ing or offsetting of carbon credits (El-Fadel et al., 2013). Finally, a
sensitivity analysis was conducted whereby the cost of several pro-
cesses (collection, composting, landfilling with energy recovery,
and sludge treatment) were varied one at a time to assess their
impacts on the net cost variation. These costs were tested because
the corresponding processes are reported to have a wide range in
cost depending on location (Tables 4 and 5).
3. Results and discussion

3.1. Emissions implications

The adoption of a FWD policy affected emissions depending on
the tested scenario for waste and wastewater/sludge management
with variation from �42 to�10% with respect to baseline scenarios
(Fig. 2). The comparison in emissions between alternative scenar-
ios (SA.1, SA.2, and SA.3) using FWDs and baseline scenarios SB.1
(landfilling), SB.2 (composting), and SB.3 (anaerobic digestion) is
depicted in Fig. 2.

The comparison between the baseline scenario SB.1 that
involves 100% landfilling of collected MSW and alternative scenar-
ios SA.1 or SA.2 that consist of diverting 70% of the food waste into



Table 3
Tested scenarios.

A fraction of 0.7 of food waste (equivalent to 42% of the total waste generated) is recovered for composting, anaerobic digestion, or diverted through the FWD (at �75% market
penetration and 95% of food waste grinded).
Recycling considered: wood, paper, glass, metal, plastic, and textile.
FWD: Food waste disposer; AD: Anaerobic digestion; WWT: Wastewater treatment (aerobic or anaerobic process); ST: Sludge treatment (composting, AD, incineration, or
landfilling)

Table 4
Average cost of MSW management (US$/Ton).

Collection Sorting Composting Anaerobic digestion Landfilling Landfilling with energy recovery

Assamoi and Lawryshyn (2012) . . . . . . . . . . . . 18 . . .

Bianchini and Hewage (2012) . . . . . . . . . . . . 56 . . .

Damgaard et al. (2011) . . . . . . . . . . . . 70 67
Dijkgraaf and Vollebergh (2004) . . . . . . . . . . . . 45 . . .

EC (2002 a) . . . . . . . . . 80 62 58
Jamasb and Nepal (2010) . . . 26 . . . . . . 15 13
Kim et al. (2011) 61 . . . . . . . . . 10 . . .

NREL (2013) . . . . . . . . . 34–90 . . . . . .

Rabl et al. (2008) . . . . . . . . . . . . 45 40
Tsilemou & Panagiotakopoulos (2006) . . . . . . 17–73 22–67 12–50 . . .

World bank (2012) 20-250a . . .. 5–90 20–150 10–100 . . .

Wrap (2016) . . . 28b 27 44 21 . . .

Range (US$/Ton) 20–250 26–28 5–90 20–150 10–100 13–67

Average (US$/Ton) 135 27 47c 85d 72e 57e

a Collection includes pick up, transfer, and transport to final disposal site for residential and non-residential waste.
b Cost of sorting of four waste categories or more that are delivered as comingled MSW to the material recovery facility (MRF).
c Composting excludes sale of finished compost (which ranges from 0 to 100 US$/ton).
d Anaerobic digestion includes sale of energy from methane and excludes cost of residue sale and disposal.
e Includes an additional �17 US$/Ton of waste for onsite leachate and gas collection, treatment and management (EC, 2002a; Damgaard et al., 2011).
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the WWmanagement system (i.e. 74% market penetration rate and
95% of waste ground), resulted in about 42% savings in emissions.
This is attributed to savings from food waste not collected and
diverted away from landfilling. The results were equally affected
by the WW management scheme whereby diverting the food
waste from landfilling with energy recovery (SB.1) to anaerobic
wastewater treatment with energy recovery in SA.2, did not add
significant savings in emissions (�10% less) in comparison to the
baseline scenario SB.1 (Fig. 2). However, the treatment of addi-
tional WW using centralized aerobic processes under alternative
scenario SA.1 contributed to higher savings in emissions that
reached �42% less emissions with respect to the baseline scenario
SB.1 (Fig. 2). Managing the sludge using anaerobic digestion with
energy recovery also contributed to lower emissions in comparison
to other alternatives (Fig. 2).

The diversion of 70% food waste from composting in the base-
line scenario (SB.2) to the WW management (aerobic process) in
scenario SA.3 resulted in �26% reduction in emissions. On the
other hand, savings were not significant in comparison to baseline
scenario SB.3 with anaerobic digestion of food waste and energy
recovery (Fig. 2).

Consistent with literature findings (Boldrin et al., 2011), sce-
nario SB.3 that considers anaerobic digestion of food waste with
energy recovery resulted with up to 36% less emissions in compar-
ison to scenario SB.2 for composting (Fig. 2). Naturally, the results
are dependent on several variables such as the FWD market pene-



Table 5
Unit average costs and savings.

Costs/savings

Capital and operating cost of FWD unitsa 222 US$/Ton of food waste treated/yr or 40 US$/Unit/yr (400 US$ /Unit/10 years)
Conventional cost of secondary wastewater treatment for added volumeb 1.5 US$/Ton of food waste treated or 125 US$/Ton of BOD
Conventional cost of sludge treatment for added volumec Land-spreading: 117–170 US$/Dry Ton (Wendland, 2016);

Land-spreading of composted sludge/use in land reclamation: 223–265 US$/Dry
Ton (Wendland, 2016);
Landfilling/incineration: 276–371 US$/Dry Ton (Wendland, 2016);
Agricultural use: 58 US$/Dry Ton (Lundin et al., 2004);
Anaerobic digestion: 881 US$/Dry Ton (Murray et al., 2008);
Range by Marashlian and El-Fadel (2005): 39–292 US$/Dry Ton;
Range by Milieu Ltd, WRc and PRA (2010): 215–460 US$/Dry Ton;
Range by Murray et al. (2008): 39–2838 US$/Dry Ton
Adapted Cost (US$/Dry Ton): Min: 39; Max: 2838; Average: 244

Cost of increased domestic water consumption for grinding food wasted 27,000 L/Ton
0.32 US$/m3

8.6 US$/Ton of food waste treated
Environmental coste Equivalent to 15% of conventional cost
Environmental savingsf �17 US$/Tons/year of foregone leachate and gas management

a Cost = Tons of food waste grinded � 222 US$/Ton of food waste treated/yr; assuming a capital cost of 208 US$/Ton of waste treated/yr (with an average cost per unit of US
$ 400 with and expected life span of 10 years) and operating cost of 13.8 US$/Ton/yr (Yi and Yoo, 2014); Or Cost = % market penetration � [Population/(capita/household)] �
40 US$/Unit/yr.

b Cost = Tons of waste treated per year � 1.5 US$/Ton of food waste treated (average cost adopted from Yi & Yoo (2014) regardless of the size of the wastewater treatment
plant, which is a limitation because it is commonly recognized that the cost is affected by the plant size); Or Cost = Tons of BOD per year � 125 US$/Ton of BOD (Average cost
of common technologies (Marashlian and El-Fadel, 2005)).

c Cost = Tons of sludge per year � average cost of most selected sludge management method (US$/Dry Ton). The range adopted by Marashlian and El-Fadel (2005)
considered technologies such as: centrifuge thickening and dewatering; belt filter press; composting; recessed-plate filter; aerobic digestion; anaerobic digestion; alkaline
stabilization; thermal aerobic pre-treatment and anaerobic digestion; pre-pasteurization and anaerobic digestion; reactor composting; anaerobic digestion and thermal
drying; and incineration. The selected technologies by Milieu Ltd WRc and PRA (2010) include: incineration, landfilling, recycling, and land spreading of composted and
digested sludge. Technologies considered by Murray et al. (2008) are: dewatering, lime stabilization, aerobic digestion, heat drying/compost, heat drying, anaerobic/heat
drying, heat drying/aerobic, FBC incineration (natural gas or coal);

d Cost = Volume of water needed to grind food waste (m3/year) � 2.2% � 4 US$/m3 (note that the amount of water is negligible it only represents 2.2% of the total household
water use and the average domestic water charging rate is 4 US$/m3 corresponding to annual consumption of 200 m3 per year adapted from OECD, 2015) Or 8.6 US$/Ton of
food waste treated (Yi and Yoo, 2014);

e The environmental impacts include externalities associated with air emissions (e.g. energy recovery) but does not consider other potential impacts on health or soil/water
pollution. They were set at 15% of conventional costs (EC, 2002b; Milieu Ltd, WRc and PRA, 2010; Marashlian and El-Fadel, 2005).

f Include cost forgone from leachate and gas management �17 US$/Tons/year (EC, 2002a; Damgaard et al., 2011) and cost forgone of abating pollutant discharge from
management of food wastes.
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The absolute savings in emissions is calculated with respect to the existing baseline scenario whereby
Savings in emissions % = | (Old - New) / Old | x100  

where Old = Net emissions from Baseline scenario (e.g. SB.1); and New = Net emissions from alternative scenario (e.g. SA.1)
Baseline Scenarios FWD Scenarios
SB.1 Collection/Landfilling SA.1 Collection/Landfilling/Aerobic Wastewater 

treatment/ Anaerobic Digestion of Sludge

SA.2 Collection/Landfilling/Anaerobic Wastewater 
treatment/ Composting of sludge

SB.2 Collection/Recycling/ 
Composting/Landfilling

SA.3 Collection/Recycling/Landfilling/ Aerobic 
Wastewater treatment/ Anaerobic Digestion of Sludge

SB.3 Collection/Recycling/ Anaerobic 
Digestion/ Landfilling

Fig. 2. Impact of FWD on emissions.
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Table 6
Policy scenario analysis: economic implications.

Scenario Cost variation
(%)

Avoided emissions
(%)

SA.1 Collection/Landfilling/Aerobic Wastewater treatment/Anaerobic Digestion of Sludge �28a �42
SA.2 Collection/Landfilling/Anaerobic Wastewater treatment/Composting of sludge �27b �10
SA.3 Collection/Recycling/Landfilling/Aerobic Wastewater treatment/Anaerobic Digestion of Sludge �26c �26

�17d �1

Cost variation is calculated with respect to existing costs of baseline scenario whereby Cost variation % = [(Old � New)/Old] � 100 where Old = Total cost of baseline scenario
(e.g. SB.1) and New = Total cost of alternative scenario (e.g. SA.1)
Note that the cost variation includes environmental externalities in the form of carbon credit and sludge treatment, such as the carbon credit based 3.3 US$/MTCO2E (adapted
from Ecosystem Marketplace, 2016).

a Cost variation with respect to baseline scenario SB.1 (Collection/Landfilling).
b Cost variation with respect to baseline scenario SB.1 (Collection/Landfilling).
c Cost variation with respect to baseline scenario SB.2 (Collection/Recycling/Composting/Landfilling).
d Cost variation with respect to baseline scenario SB.3 (Collection/Recycling/Anaerobic Digestion/Landfilling).

a.Change in collection cost b.Change in composting cost

c. Change in the cost of landfilling with energy recovery d. Change in sludge treatment cost
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Fig. 3. Sensitivity to change in selected economic parameters. S.L corresponds to the change in the economic parameter to its lowest value and S.H to the change in its upper
value, SA.1: Collection/Landfilling/Aerobic Wastewater treatment/Anaerobic Digestion of Sludge, SA.2: Collection/Landfilling/Anaerobic Wastewater treatment/Composting
of sludge, SA.3: Collection/Recycling/Landfilling/Aerobic Wastewater treatment/Anaerobic Digestion of Sludge.
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tration rate that can range between 25 to 75%4 and the amount of
food waste grinded at the household level that can range between 75
to 95%5. For instance, considering a lower range of 25% market pen-
etration rate and 75% of food waste ground would lower emission
savings to �2% with respect to baseline scenarios. Equally important
is the impact of waste composition that may vary with location and
noticeably different between developed and developing economies
(Table 2). For instance, a comparison between a baseline scenario
(SB.1) that consists of 100% landfilling in a developed economy, char-
acterized with a lower organic fraction of �30% (more representative
of a developing economy region), and an alternative scenario (SA.1)
4 This range has been adopted from the literature based on field surveys conducted
in the US indicating that this is the typical penetration rate that covers possible
scenarios (Marashlian & El-Fadel, 2005; Galil & Yaacov, 2001).

5 This range covers the lowest value (75%) adapted from Wainberg et al. (2000) and
the upper range (95%) adopted from Marashlian & El-Fadel (2005).
that considers the use of FWDs (75% market penetration rate and
95% of food waste ground) to divert 70% of food waste would result
in only �24% savings in net emissions. Similarly, net emissions
reduction decreased from 10% for a developing economy to 3% for
a developed economy when comparing scenarios SA.2 (use of FWDs
with anaerobic WW treatment and composting of sludge) and SB.1,
as well as from 26% (developing) to 14% (developed) when compar-
ing scenarios SA.3 (recycling/use of FWD/landfilling) and SB.3 (recy-
cling/composting or AD/landfilling).

This study demonstrated that adopting a FWD policy can be a
viable alternative solution to reduce emissions. However, several
potential negative impacts have been reported (Table 1) such as
the increase in organic load coupled with higher energy demand
at the WW treatment plant (Bolzonella et al., 2003); increase in
the oil and grease load with a higher risk on the WW collection
network and treatment system (Nilsson et al., 1990); increase in
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treatment costs (Galil and Yaacov, 2001); increase in water con-
sumption (Constantinou, 2007); increase in sludge produced
(Bolzonella et al., 2003; Nilsson et al., 1990); and increase in elec-
tricity consumption (CECED, 2003). In contrast, other studies
reported positive impacts (Table 1) from the use of FWD such
as a reduction in the amount of waste to be collected and landfilled
(Battistoni et al., 2007; Nilsson et al., 1990); reduction in the
amount of landfill leachate formation and treatment (Iacovidou
et al., 2012a); increase in landfill capacity and age (Marashlian
and El-Fadel, 2005); reduction in emissions (Yi & Yoo, 2014;
Evans, 2007; Diggelman & Ham, 2003; Lundie & Peters, 2005;
Bernstad Saraiva et al., 2016; Wainberg et al., 2000); an improve-
ment in the WW treatment process whereby the increase in the
organic content of WW can enhance the C/N and C/P ratio, which
result with a better removal of nutrients and reduced need for
external carbon sources (Bolzonella et al., 2003; Bernstad Saraiva
et al., 2016; Battistoni et al., 2007; De Koning and van der Graaf,
1996; Raunkjaer et al., 1995); an increase in WW biogas produc-
tion and cost savings (Bolzonella et al., 2003; Galil and Yaacov,
2001; Battistoni et al., 2007; Iacovidou et al., 2012a,b); with mini-
mal impact on water, energy consumption, and on the sewer net-
work (Diggelman and Ham, 2003; De Koning and van der Graaf,
1996; Marashlian and El-Fadel, 2005; Nilsson et al., 1990). There-
fore, it is imperative to assess both negative and positive impacts
when considering the adoption of a policy to introduce a FWD in
the waste management system particularly in the context of the
quantity and quality of grinded food waste with its potential influ-
ence on the WW management system.
3.2. Economic implications

The results of baseline scenarios (SB.1, SB.2 and SB.3) were used
to test the impact of policy options on decreasing emissions.
Table 6 presents the details of the analysis upon integrating the
FWDs into the management of MSW and WW. It also depicts vari-
ations in cost achieved under each scenario as percentages of exist-
ing costs under the baseline scenarios (without a FWD policy)
based on average conventional and environmental costs. The
equivalent economic impact varied from �28 to �17% including
environmental externalities (carbon credit and sludge treatment),
depending on the adopted management schemes (Table 6).

The results indicate that the tested scenarios (SA.1, SA.2, SA.3)
considering the diversion of the 70% of food waste generated
through the use of FWDs, resulted with lower costs in comparison
to baseline scenarios considering landfilling (SB.1), composting
(SB.2), or anaerobic digestion (SB.3) of food waste, reaching a
28% cost reduction with environmental externalities of emissions
reduction and sludge management, depending on WW and SW
management methods (Table 6). It is worth reemphasizing that
many other combinations of scenarios can be tested and only a
few were presented above for illustrative purposes.

The sensitivity analysis for scenarios (SA.1, SA.2, SA.3) showed
an equivalent economic impact ranging between �33 and �1%,
including environmental externalities (Fig. 3) thus emphasizing
the viability of a FWD policy. Evidently, the variation in the cost
of sludge management exhibited a significant impact on savings
(Fig. 3.d).
4. Conclusion

This study revealed that integrating FWDs in a developing econ-
omy characterized with a high fraction of food waste can be a
viable alternative solution to reduce emissions for carbon trading.
The results indicated that adopting a FWD policy reduced emis-
sions by about 42% at cost savings reaching �28% when environ-
mental externalities are considered including sludge
management. While increasing the market penetration and the
fraction of food waste ground contribute to a decrease in net emis-
sions depending on wastewater and sludge management pro-
cesses, the system remains economically attractive even when
adding the wastewater and sludge management costs. The sensi-
tivity analyses on processes with a wide range in costs showed
an equivalent economic impact thus emphasizing the viability of
a FWD policy although the variation in the cost of sludge manage-
ment exhibited a significant impact on savings.
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