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Abstract

Purpose: In face of the need for sustainable solutions in theofi&ddd waste management, the use of food
waste disposal units (FWDs) and the anaerobic co-digestion of food wdstewige sludge have recently
been attracting more attention as an alternative to landfill.

Methods: In this study a sustainability framework was developedier to aid decision making in food waste
management for these two options using a multi-criteria approachfrdimework was applied in the Anglian
region in the UK as a case study.

Results: the anaerobic co-digestion of food waste with sewage slugddebeamore sustainable than the use of
FWDs. Nevertheless, this result only provides guidance to stakeholders, agetieatiifrimacies originating
from them could possibly lead to a reversal in the overall outcome.

Conclusions: the successful use of the sustainability framework defaegdly on the thorough collection of
detailed data. Data are essential components for the comprehensive assegtméwbdbod waste
management options, as it matters when decisions are to be made esped@mily faaste management
processes that require a large-scale of investment costs to be inculhielistié appraisal of the environmental,
economic and social aspects of the use of FWDs and the anaerobic co-dafdsiiahwaste with sewage
sludge based on area-specific characteristics and practices is recommenaatitéinfy successful application
of the sustainability framework and consequently the support ofisdecision-making.

Keywords: Food waste, food waste disposal units (FWDs), co-digestion, sustaindialitework, multi-

criteria approach
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1. Introduction

Environmental protection has been a key driver of changes inveaditt management. The establishment of the
revised EU Waste Framework Directive (fWFD) in 2008, emphasising the peecthdosing appropriate
technologies for improving the protection of human health and the eamvérat by promoting waste prevention,
reuse and recycling [1], and in conjunction with the targets sdtebgdrlier EU Landfill Directive in 1999 for
diverting biodegradable waste from landfill, has started to make a positive imphet field of food waste
management [2].

New municipal waste management has come into practice by local authorities (HAkgavaste industry, as a
result of the new GHG emission targets, targets relating to waste reus#ingeand the diversion of waste
from landfill, as well as other policies related to sustainability. Food wasteitlK constitutes 38% of the
total municipal solid waste and is currently its most challenging componesitlecing the fact that most of it
ends up in landfills, with food waste being amongst the most chaltgngwo options considered by LAs for
managing food waste are the use of food waste disposal uniBgFaxd the separate collection of food waste
followed by anaerobic co-digestion of food waste with sewage sludgest®tainability potential of these two
food waste management options depends on thespeedic characteristics and practices and as such, this
paper focuses on devising a tool for their sustainability compariasedbon these [2, 3]. Furthermore, the
current debate on the use of FWDs and associated impacts, the valud ofakie, and the effectiveness of
food waste collection schemes and the feasibility of anaerobic co-digestiorsemitige sludge has made
decision-making regarding food waste management a challengind teskefore, this study aims to assist LAs
and the water industry to identify the impacts of these food wastagearent options to their operations, in
order to inform and facilitate the decision-making process.

Multi-criteria analysis is frequently applied to compare and assess the inpalitierent policies and waste
management options, and, as such, has been selected for foodhamaateement in the context of sustainability
[4-10]. Nevertheless, there are many tools and approaches available for thmeasse$the sustainability and
technical aspects of a food waste management strategy, such as life @sdenass (LCA). The LCA approach
involves the evaluation and assessment of the environmental impacts teredwduring the life cycle od
process, product or activity and, as such, requires a large anfadeitaded data, time and knowledge for its
application [L1]. The multi-criteria approach, on the other hand, allows the comparisaternative options on
the basis of a set of criteria, using a mixture of qualitative and quantitattee making it appropriate for
environmental decision-making [8,0, 11]. Because environmental problems are often associated with
uncertainty, the possibility of taking some uncertainties into account eeafby the multi-criteria approach,
makes its use even more attractive8.

2. Strategic multi-criteria comparison methodology

To compare the sustainability of the food waste management optionsrengirtal, economic and social
aspects must be taken into account. Therefore, a multi-criteria framewsdewealoped (Figure 1) [4, 6, 10,
11]. Reflecting sustainability, environmental, social and economic criteria were sdlactee comparative
assessment of the two alternativEgy(ire 1).
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Figure 1 Sustainability decision-making framework using multi-criteria apprea&valuation of the problem

These criteria were given the same weight [6, 8], and were further evalisaiigdkey strategic sub-criteria.
Resource consumption and reduction of environmental pollution weséleoed for the environmental

criterion the cost of a waste management option and the associated revenues veeeeddos the economic
criterion, whereas for the social criterion the behaviour of a waste nraaagsystem towards society was used

[12]. The latter suggests sub-criteria related to noise, smell and healthtsmpaalso acceptance of the
implemented food waste management option.

In order to be holistic and include all the pros and cons of the penficarof the two alternatives an all-
inclusive mass balance approach was ubeglife 2) [13-17].
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Figure 2 An all-inclusive mass balance approach of the performance ofithiddd waste management
alternatives

The conceptualisation of the two food waste management opktms € 2) shows the flow of food waste from
the source of generation to its final treatment and disposal. For thereneintal criterion these sub-criteria are
recourse consumption including land, water and energy -in thedbfossil fuels or electricity- consumed in
the implementation of both food waste management options [125itf8f € 2), greenhouse gas emissions in
the form of CQ, which can be either direct, through the combustion of fuelgj\fadosses from the anaerobic
reactor and the utilisation of biogas, or indirect through energy consunptios form of fuel, electricity and
heat, and the production of materials, used for the manufacturing of FK{Bes eaonstruction of the facility
(upstream), and from the digestate and its use (downstré8h{F[gure 2), and renewable energy in the form
of electricity and heatHigure 2), generated by the use of biogas (or methang) ftéduced during the
anaerobic digestion (AD) process. This energy is considered a resaircartloutweigh the impact of energy
consumption. In this study the AD process is assumed to meastedominant sewage sludge management
option in water industry operations.

Two sub-criteria can be extricated for measuring the net performartue @fdanomic criterion. These areth
operational cost indicated as ‘- £ (Figure 2), which includes the costs of investment, operation and
maintenance, which are the most commonly used in assessing waste mahagéiores L8], and the so called



revenue indicated as ‘+ £’ (Figure 2), which is the benefit generated from recovered energy (renewable energy)
or materials, and from the reduction in cost of municipal waste collectiotrargbort 12]. It must be

underlined, that both operational and revenue costs depend on area chara¢sdkttestural and

geographical), and the practices followed in the water industry operations.

Public acceptance indicated as ‘acceptance of the option” in the mass balance approach (Figure 2), health and
smell impact, indicated as ‘hygiene’ and ‘odours’, respectively Figure 2), and noise implications indicated as
‘noise’ (Figure 2) were used to measure the net performance of the social criterion.néeholders are
directly involved in a food waste management option in terms gftexdpnew handling concepts, including the
use of technology, or in terms of waste separation and collection, théiglaeneptance of each option is an
important socialcultural considerationl]. The hygiene associated with each option is detrimental to its
successful implementation, due to implications that it might cause tohuddees R0, as also is the annoyance
caused by unpleasant odours or noise during the implementatiochdbed waste management opti@i]|
However, both unpleasant odours and noise, are difficult to measuredpeapse respond to them in different
ways, depending on factors such as previous exposure, persongldeaitivity and social backgrounad].

It must be highlighted, that the performance of the alternatives withdsetrathe different sub-criteria is a
complex process that differs between regions and depends on data ayadabiliegional characteristics and
practices. To facilitate the application of this process, examples and mechanistiesitte their performae
are summarised ihable 1.

Table 1 Conceptual framework of evaluating the performance of food wastagement options



Criteria Sub-criteria FWDs Anaer obic co-digestion

Calculated based on: Calculated based on:
e  Water consumption for grinding e  Fuel consumption for collection and
(household) transport (LAS)
N Energy consumption for food waste e Land requirements for waste processing
et resource LTS o ;
: grinding (household) facilities (water industry)
consumption . :
Energy consumption for water treatment ¢  Energy consumption for food waste
and distribution, wastewater pumping processing (water industry)
and treatment and sludge management e  Additional energy consumption for
and disposal (water industry) heating-up the digester (water industry)
Calculated bgsgd on energy consumption for: Calculated based on:
e The grinding of food waste (household) . .
e The treatment of the additional water The bgrnlng of fossil fuels for the
Envi tal used for the arinding of food waste collection and transport of food waste to
nvironmenta Th . 9 d tg t t of the pre-treatment facilities (LAS)
Net greenhouse ) ad((jait?gr:g?ags?gwa;g? n:air(]ergted (water Energy consumption at food waste
greenn . 9 processing facilities (water industry)
gas emissions industry)

Additional digester heating for treatment
of food waste together with sewage slud:
(water industry)

The burning of fossil fuels for the dispos:
of the produced digestate (water industr

e The management of the additional
sludge produced (water industry)

e The burning of fossil fuel for the
disposal of the produced digestate
(water industry)

Calculated based on the biogas/Gdneration
Net renewable as a result of the additional sewage sludge
energy digested, produced at the wastewater treatmer
plants (WWTPs) due the use of FWDs

Calculated based on the biogas/Gj¢neration
from the digestion of food waste together with
sewage sludge

Calculated using the cost of: Calculated using the cost of:
e Purchase and installation of a FWD e Collection of food waste (LAS)
(householder) e Transport of food waste to the waste
¢ Maintenance of the FWD (householder) management facilities (LAS)
e Energy consumption for using the FWD e  Gate fee for food waste delivery at
Net operational (householder) WWTPs (LASs)
cost e Water treatment and distribution (water e  Investment cost for the waste managem
industry) facilities (water industry)
e Wastewater treatment (water industry) e  Operational cost of food waste processir
Economic e Sludge management (water industry) (water industry)
e Digestate disposal (water industry) e Additional heating of the digester due to
the addition of food waste (water industnr
e Digestate disposal (water industry)
Benefit of reduction in cost of collection and  Benefit from additional renewable energy
transport (LAs) generation (water industry)
Net revenue
Benefit from renewable energy generation fron
the additional sludge digestion (water industry)
Public Th iteri I db These criteria are usually measured by
acceptance €se criteria are usually measured by s conducting a survey that involves the public’s
conducting a survey that involves the public’s S ' .
_ articination. Generall participation. Generally, PAis relied on people
Health impacts Partcipat Y, . willingness to separate their food waste from
Social PAis critical due to technology involvement, other residual waste, HI depends on people
) p peop

) HI depend on peoples’ sensitivity and area-
Smellimpacts  gpecific characteristics, and the response of th
public to Sl and NI differs due to sensitivity,
Noise impacts culture, habits and previous exposure.

sensitivity and area-specific characteristics, an
the response of the public to SI and NI differs

due to sensitivity, culture, habits and previous

exposure.

The relative contribution of the sub-criteria to the criteria is presentedhie 2. The weighting of each sub-
criterion corresponds to the number of sub-criteria of each criterion. $tanae, the sub-criteria of the
environmental, economic and social criterion are three, two and four and as such, they have a weighting of 3, ¥4
and Y4, respectively.



Table 2 Sub-criterion weighting for the two food waste management options

Criteria Sub-criteria Weighting Individual weighting (%)
Resources Consumptiol Vs 11.11
Environmental Greenhouse gas emissia s 11.11
Renewable energy Vs 11.11
) Operational cost Y 16.67
Economic
Revenue ¥ 16.67
Public acceptance Va 8.33
) Health impacts Y 8.33
Social )
Smell impacts Ya 8.33
Noise implications Ya 8.33
Total 100

The individual weighting for each sub-criterion is calculated by multiplifiegveight of the criterion by the
weight of each individual sub-criterion within each grotliplfle 2). The sum of the individual weighting of all
sub-criteria must then be equal to 100%, to ensure the consistency @ighéivg assignment.

3. Application of the sustainability decision-making framework to evaluate food waste

management in the Anglian region

In order to assess the sub-criteria, data from Anglian Water services arthdérads in the Anglian region
were collected and used. When these were not available, data based on UK figuesiopteak from the
literature. For the sub-criteria to be comparable, the overall evaluation was domengeof food waste, in both
processes. Additionally, it was assumed that FWDs can grind everythinkaameb tregulatory constraints limit
any stage of the two processes. The performance of the alternatittes diifferent sub-criteria is presented in
an impact matrixT{able 3).

It has to be highlighted that while the data that has been collected from the literatureoca miiéfdrent
sources not fully reflecting the process in its entirety, this dataswfficient for the analysis, which aimed to
demonstrate how the sustainability framework developed could be apptredAmglian region.

Because of the lack of data as to appropriately calculate water consumptlos dse of FWDs and land
requirement for the anaerobic co-digestion of food waste with sewadgesthese were omitted from the
analysis and as such, Resources Consumption was limited to enesgyngdion estimates expressed in kWh
per tonne food waste in both processeab{e 3). In the use of FWDs, the energy consumption was calculated
based on the electricity required for grinding food waste, based on the enesgynption per use, the
frequency and duration of use of the unit for the grinding sf@food waste generate®?], and its subsequent
treatment in the wastewater treatment plant (WWRR). Because energy consumption rates in the WWTPs
were not available, these were calculated based on the cost of electricity (in the Y\AMT Be UK industrial
electricity price of 7.89p per kWh, for which details can be founddrAthglian Water Services June Return
201011[23-25]. For anaerobic co-digestion of food waste with sewage sludge, ezmrgymption was
calculated based on the amount of fuel consumption during the collectiormasglairt of food waste, which
was expressed in kWh per tonne food waste using a conversionda&th89 kWh per litre diesel burnt, and
also from the processing of food waste at the waste management facilit@ga €igure of 68.6kWh per tonne
food waste 26-28]. At this point it must be stressed that although water consumption ancetaricements

were not included in the analysis, they would constitute an impogpatgof the overall assessment, as water
consumption, even at small quantities, can be detrimental to some regiofes,instance, in the Anglian



region, which is one of the driest regions in the UK. Land requinerer the construction of waste
management facilities and the upgrading of anaerobic digesters is atstaimypas it can create a negative
attitude over the implementation of anaerobic co-digestion of food witbtsewage sludge. However, the
magnitude of this aspect depends on the area specific-characteristittg tewhnologies to be adopted, as
some technologies require less space than others. Additionally, the enesgsnption associated with the
water consumption and land requirements would lead to increases in thg esesrgrhich would be associated
with increases in Greenhouse Gas emissions and Operational Cost. Operatisnahergtimportant, as many
decisions rely on the economic viability of a process. Maintenance cpattas the operational cost,
associated with the use of FWDs and the anaerobic co-digestion of food wastewdtie sludge, even though
not included in the analysis, constitutes an important cost that woulddhbeeassessed.

Greenhouse Gas emissions were expressed in carbon emission equikg@04} (Table 3). Carbon
emissions from the burning of fossil fuels (diesel) and electricity consumptoe evaluated using the latest
conversion factors of 2.67 kgG@er litre diesel and 0.525 kgGPer kWh, respectively2p].

Diggleman and Ham (2003) reported that, when using FWDs, 4f8R#l, could be generated from 100kg of
food waste 29]. A tonne of food waste digested was reported to give 266f friogas of which 60% was GH
[30]. Based on these, and using the,CHlorific value of 13.93 kWh/kg, the RE was calculated for both
processeslable 3) [31].

The cost of electricity for grinding food waste was estimated based on therdéstic electricity price
conversion factor of 12.89p per kWh. This cost, together witkdbeof sewage collection and treatment and
sludge treatment and disposal, based on the latest data provided by the Angliaj28)/atexs used to

calculate the operational cost for the use of FWEable 2). Because of the difficulty in separating the
maintenance and investment costs to the water industry, these were ethivetthé aggregated operational
cost. Sewer cleansing and maintenance, while constituting an importaiwe@snot calculated in the analysis
mainly because there are no direct costs associated with the disposal whfste in the sewer. The operational
cost for the anaerobic co-digestion of food waste with sewage sludgmleakted based on the cost of food
waste collection, transport and treatmerdlgle 3). The cost of waste collection was based on data from LASs in
the Anglian region adopted from the study of lacovidou et al. (20d®reas the cost of transport was
calculated based on a figure of 6.5 litres per tonne food wastedramspa gate fee cost of £523 [32, 33]. The
operational cost of preeatment and digestion was based on a figure of £55 per tonne food waste processed,

which covered the cost of plant construction, operating and disposglppbtucts [24, 34]. The revenue from
RE was based on the recent renewable energy price of £100 per IMWh generated [35]. RN from reduction in

cost of collection when using FWDs was not included in this analysis, s&kesgaoesults comparabl&gble

2).

Social sub-criteria were evaluated based on a qualitative analysis. For this adatgsisllected from the
literature with regards to the public’s response to and acceptance of the implementation of each food waste
management option, and in health, smell and noise concerns, werBesaase of the inherent difficulty in
differentiating the public’s response into a wider scale of measurement, it was considered appropriate to use a
scale of two degrees of measurement (+/++), with + being used fordbess with the least positive response,
and ++ for the process with the higher positive response.

In terms of Public Acceptance, the use of FWDs was reported to be assatflatsaine unwillingness, as a
number of people find their use annoying due to noise implicatiomsirty the unit on a daily basis, or even
laziness B6]. With regards to the anaerobic co-digestion of food waste with sesladge, the implementations
of a separate food waste collection scheme was reported to cause the uresidiofsome people to
participate, mainly because of concerns associated with hygiene, odowesmindissues33]. However, the
majority of people involved in separate collection responded positively to it. Howewas assumed that, in
the UK, the ignorance of people with regards to the use of FWDs andfibaltiks associated with their
installation in some household types is likely to make anaerobic co-digesfimmd waste with sewage sludge
more publicly acceptable than the use of FWDab{e 3).

Health Impacts arising from the storage and rotting of food wasteazam through the inhaling of odorous
emissions such as volatile organic compounds (VOCSs), sulphur codg@mines and aromatic hydrocarbons
[20]. VOCs, such as methane thiol (MeSH) and hydrogen sulphigi (Elan cause nausea, bronchitis and
gastrointestinal problems to a high level expos@@ [Also, the personnel involved in the collection and



treatment of food waste are subject to certain health impzidtsHealth Impacts related to the disposal of food
waste into the sink have not been as widely reported. However, inuthedatEvans (2007) it was reported that
the use of FWDs might be critical to the attraction of rats, although thisoh&gen proved ye8§]. Therefore,

it was assumed that the use of FWDs has a more positive effect to humanhaeatthaerobic co-digestion
with sewage sludgelable 3).

The storage of food waste in households and its subsequent collectioaratidg can be associated with
Smell Impacts37]. Food waste grinding into the FWDs has been reported not to releakiaéuoy unpleasant
odours, though food waste disposed into the sewer has the possitplipducing some. The anaerobic
degradation of food waste particles in the sewer leads to the productidptoéle, which then forms J$, the
principal cause of malodours, even at very low concentrations [2]. Bagbdsm) it was assumed that FWDs
have a more positive effect on malodours compared to the anaerobic caadigattisewage sludgd éble 3).

Noise associated with the use of FWDs inside households can be of a gegatitude as when coming from
the outside and, thus, be more annoying. In the study ofsE2807), it was reported that a number of people
chose not to use a FWD, mainly because of the noise implications relatg86oAts such, and with limited
evidence in the literature with regards to the public annoyance by tleegasisrated during the collection of
food waste, it was assumed that anaerobic co-digestion with sewage sludgednagasitive effect to noise
implications than the use of FWDE4dble 3).

Table 3 Impacts matrix of the two food waste management options

Unit Anaeraobic co-
Criteria Sub-criteria (per tonne food FWDs di .
igestion
waste)
Resources consumption kWh 188.34 265.71
Environmental Greenhouse gas emission kgCGO, 99.26 84.27
Renewable energy kwh 668.64 2173.08
) Operational cost £ 68.47 192.97
Economic
Revenue £ 66.86 217.31
Public acceptance +/++ + ++
Health impacts +/++ ++ +
Social ]
Smell impacts +/++ ++ +
Noise implications +/++ + ++

While there are many ways to analyse the matrix calculations and rank thatadsrthe weighted summation
analytical method was chosen to rank the two food waste management alterfagwesighted summation is

a well-established method, widely used because of its ease. The standaralisenf each criterion is

multiplied by its assigned weighting, and rankings of the alternadneethen determined based on the weighted
sum of the standardised scores of each alternative [9, 38]. Acctodimg weighted summation, the anaerobic
co-digestion of food waste with sewage sludge could be more sustainabléhe use of FWDs in the Anglian
region fFigure 3).
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The performance of the evaluation of the two alternatives based czlébted criteria was additionally
assessed, with anaerobic co-digestion presenting higher sustainabilitysrofeenvironmental and economic
criteria than the use of FWDs, with an equal performance in terms sdd¢ra criterion Figure 4).
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Figure 4 Criterion-specific score of the evaluation of the alternatives

After evaluating the performance of the alternatives in relation to the identifiedrgeria, a sensitivity

analysis was carried out. This analysis can help decision makers to bd#estand the consequences of their
decisions and how these can affect the overall results of the comp&iisibican be performed by changing the
weights as a way to reflect the response of the alternatives to the relative impofttre sub-criteria to the

10



criteria and identify the sub-criteria which could result in a ranking revers2l[9By increasing or decreasing
the weight of the individual criteria or sub-criteria, the ranking of the altegsatian be observed and its
stability can be assessed. If the ranking is found to be highbitsre to small changes in the criteria weights, a

careful review of the weights is recommend2d] |

The sub-criteria of resources consumption (RC), operational cost (OGmaticand health impacts (Sl and Hl,
respectively) were the most sensitive to changes in the weights, and casgdacaversal in the ranking of the
alternativesigure 4). As evidenced from the sensitivity analysis, the assignmesgexiific weightings to the
sub-criteria would be of substantial importance to the ranking of the altesati
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4. Discussion

The application of the sustainability framework developed in this studlyesited using the Anglian region in
the UK as a case study, demonstrated that the anaerobic co-digestion castedvith sewage sludge could be
more sustainable than the use of FWDs. Notwithstanding the strengthfi@itiesvork developed, it must be
highlighted that a major limitation of the presented approach and thugestiss, lies on the subjectivity of
assessing the contribution of the sub-criteria to the selected criteria. Thisisoeddy the sensitivity analysis,
which revealed that changes in the relative importance of some sulagcstmh as those of resources
consumption (RC), operating cost (OC), health impacts (HI) and snpelcts (SI), could change the outcome.

A participatory approach with all stakeholders involved in all stages aofsthef the two food waste
management practices is needed in order to assign the right weightscatetreand sub-criteria. Although
this participatory approach, may offer flexibility to decision-makers touet@lboth food waste management
options based on their interests and needs, it may also trigger contioe®reen stakeholders with opposing
interests. To avoid this disagreement, a transparent method of assesshewail@ation and consideration of all
criteria and sub-criteria that matter to all stakeholders is needed. To this ertshretitan of all the authorities
involved in the assessment is required, in order to decide on the evahrattedure and the adoptionaof
sustainability decision-making framework developed based on their comeeds and individual requirements.
Thus, results of this study provide only insights to the it@m@e of comparing different food waste
management options based on sustainability aspects, as the different primgiciasray from these options
and the areas in which they are implemented could possibly leadeienifoutcome.

The qualitative analysis undertaken for examining some sub-criteria waslstginepaluation process which
may have led to the under- or over-estimation of some of thergeba. An example, is public acceptance,
which is the prerequisite of the successful implementation of a foae wesagement option. Public
acceptance entails the engagement of the public in doing what is requirddddrnveaste management option
to be successfully implemented. If this obligation is not met, it creatdeatipns for the actual sustainability
of the implemented food waste management option. Poor food wastatseperlikely to reduce anaerobic co-
digestion process efficiency, leading to a reduction in the revenuedémewable energy generation, which
could also be affected by contaminants present in food waste. With theRW#®se, the separation of food
waste is easier and more reliable, since other wastes would be difficultdplgriron the other hand the noise
implications and laziness associated with operating the units might result isgbsal of food waste into the
residual waste stream. This would result in food waste ending up in latidfdlreducing the amount of energy
that could be recovered and also contributing to negative environmental.ff@stbehaviour presents a
challenge as it could exceed the potential of the two food waste managetiad tpbe sustainable. Food
waste should be regarded as an opportunity that can provide valuabial@edsolutions if properly managed
at source and subsequently utilised by the appropriate authorities.i$f théised, then such challenges can be
overcome and the value of food waste can be recognised. This must hycplafined in order to pursue
sustainability. The interrelationship between water-energy-food must be gessgrerlsystem through which
justifiable solutions can be provided, building the foundations of a green sustainable future.

Proper consideration of the environmental, economic and social impactsiagc¢orthe area-specific
characteristics and practices followed is necessary, both for the appropriate evalutgosustainability
performance of each food waste management alternative, as well asitisgiquent comparison that aids
decision-making. This proper consideration can also help LAs and theimditstry to integrate economically
feasible and socially acceptable practices holistically, along with key enviroriiengdits such as the
minimisation of GHG emissions, reduction of energy use and increasedable energy generation.
Nonetheless, challenges related to either the implementation of the use ofdFiBsnaerobic co-digestion
of food waste with sewage sludge will continue to exist as a result of $hmygzopulation, urbanisation, an
ageing infrastructure and technological development. As such, both authoritiee amtlLigtiry must be ready to
adapt to changing circumstances.

However, it is not just the responsibility of LAs and the water industry to el@ecidhe sustainability of a food
waste management option, but also of the public. An integrated appraaghired to address all relevant
challenges more holistically. Taking into account the relationship between watesign, energy security and
resource efficiency, and implications both in terms of availabilitydserdand, water and environmental
challenges often prove complex to address. Nonetheless, these linkie phevpotential to convey beneficial
synergies for the water industry and LAs or contractors respoifisitfi;od waste management that could
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deliver real benefits and cross-sectorial solutions, if carefully appli#dHood waste should be realised as a
material than can be turned into a resource rather than simply beingldiscBherefore, the involvement of the
public and its opinion over the waste management option implementechiames is of great importance for
adopting measures that may take us a bit closer to sustainability. Bhisaisse, in order for a food waste
management option to be considered sustainable, it must maintain socialbkpbleckgyels of service,

providing benefits to the community and reducing impacts to theogmeent in both the long- and short-term.

5. Conclusions

The sustainability framework developed in this study to inform arititée decision-making by both LAs and
the water industrgnthe use of FWDs and the anaerobic co-digestion of food waste witlysesludge based

is a useful tool that stakeholder@nexpand and use according to their area-specific characteristics in order to
address and meet their common, as well as individual, needs and requird@imemtcess of delivering the
answer, which includes selection of environmental, economic and social critergaaitability and collection

of reliable data based on area-specific characteristics, the weighting assigmddimally, the evaluation
(including sensitivity analysis) process, are important prerequisites tegaesment of the overall performance
of the decision-making framework. Even with these requirementg bt the sustainability assessment of the
two food waste management alternatives would still be affected by variations in stakeholders’ interests. While

the flexibility provided by the multi-criteria approach is essential, it could leadntoos@rsies among the
relevant stakeholders with regards to selecting the most sustainable alternaiigesdntext of sustainability,
which requires embracing the problems in an interdisciplinary, integaatbtiolistic approactabalanced
communication and collaboration of all the relevant stakeholders, who, b#h@ndwn interests and needs,
take into serious consideration the opinion and needs of the public fudhler facilitate the selection and
implementation of the most viable solution for food waste managemelgttf@n such frameworks could
provide viable solution that are founded based on a common evaluationyeodedeloped according to all
stakeholders’ shared and individual needs and concerns, laying the foundations of a sustainable. futur
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