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SUMMARY 

A greater use of renewable resources is seen as a necessity to secure food and 
feedstock for a growing population with growing demands. Furthermore, pressure on 
resources is increasing making efficient use of resources a priority of the European 
Union (EU). The conversion of food waste into biofuel is considered resource 
efficient as it recovers methane gas that would otherwise be lost in landfills. Biofuel is 
also considered a good alternative to substitute fossil fuel and secure domestic energy 
supply. On the other hand, surplus food production is inherently resource intensive 
and affects the environment unnecessarily. According to the study, resource efficiency 
implies the use of fewer resource inputs as well as supporting a low-carbon economy. 
Food production and consumption should also be sustainable that minimize negative 
impacts on the environment. 

The purpose of the study was to assess how resource efficient the food waste 
substrate (feedstock for energy production) is from a life-cycle perspective. The study 
also aimed to determine if associated national incentives and current market signals 
promote resource efficiency in Sweden. Through an extensive literature review, the 
study found that the food waste substrate has a complex life-cycle which has not been 
properly analyzed. This makes resource efficiency difficult to determine in absolute 
terms. The food waste substrate has twice as many input stages in comparison to the 
food crop substrate, indicating that comparatively more inputs may be used rather 
than less. The contribution to a low-carbon economy falls short due to a calculation 
method that neglects to account for greenhouse gas emissions from the food supply 
chain. Due to the absent life-cycle perspective, crucial environmental impacts are 
neglected. This impinges on the success rate of the Swedish Generation Goal and 
environmental quality objectives. Furthermore, environmental problems associated 
with food production are more often allocated abroad, making impact assessments 
and mitigation measures more difficult to undertake. Ecological farming and the 
demand for ecological products is considered one of the best ways to mitigate 
environmental impacts associated with the food sector. If food surplus becomes 
valuable, intensive and excessive food production may be applied as a rational choice 
and undermine the expansion of more sustainable farming practices. 

Approximately one third of all the food that is produced goes to waste. According to 
the EU Waste Hierarchy, prevention of food waste should be prioritized followed by 
waste recycling and energy recovery. Food waste prevention measures are deficient, 
but should still lead to a decline in food waste over time. However, food waste is 
becoming lucrative due to an expanding market with a policy climate that promotes 
waste substrates and limits other substrate alternatives. Recovery of food waste is 
commendable but it should not counteract on-going efforts to prevent food waste. 
The EU needs to monitor the progress of the food waste substrate and make sure that 
the biofuel sector does not expand at the expense of excessive food production. The 
study also concludes that a thorough life-cycle analysis of the food waste substrate 
should be made and compared to other biofuel options. Only then can an appropriate 
set of EU and national policy measures be instated to safeguard scarce resources and 
promote a sustainable agriculture and energy sector. 
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SAMMANFATTNING (SUMMARY IN SWEDISH) 

Efterfrågan på naturresurser ökar i takt med världsbefolkningen. För att tillgodose 
detta behov kommer en ökande tillgång på förnybara resurser att behövas. För att 
säkra framtida tillgångar har EU börjat prioritera resurseffektivisering. Konvertering 
av matavfall till biobränsle anses resurseffektivt eftersom metangasen kanaliseras till 
bättre nytta istället för att förspillas på deponier. Biobränsle anses dessutom vara ett 
bra alternativ för att säkra den inhemska energitillgången samt att ersätta fossila 
bränslen inom EU. Livsmedelssektorn är resurskrävande, därtill produceras stora 
överskott som påverkar miljön i onödan. Principer som definierar resurseffektivitet är 
användning av mindre input, främjande av en klimatsmart ekonomi samt en 
miljömässigt hållbar matproduktion och konsumtion. 

Syftet med studien var att uppskatta hur resurseffektivt matavfallssubstratet 
(råmaterial för energiproduktion) är ur ett livscykelperspektiv. Vidare syftade studien 
till att avgöra om det svenska policyklimatet och de rådande marknadssignalerna är 
ändamålsenliga för att uppnå resurseffektivitet. En omfattande litteraturgenomgång 
visar att matavfallssubstratet har en komplex livscykel och att nuvarande analyser inte 
tar hänsyn till livscykelns helhet. Den egentliga resursåtgången blir därför svår att 
uppskatta fullt ut. Matavfallssubstratet har nästan dubbelt så många inputstadier i 
jämförelse med matgrödesubstratet. Detta kan tyda på att jämförelsevis mer input 
används istället för mindre. Matavfallssubstratets bidrag till en klimatsmart ekonomi 
blir missvisande då metoden för att kalkylera växthusgasutsläpp förbiser 
livsmedelskedjan. På grund av det frånvarande livscykelperspektivet, förbises även 
viktiga miljökonsekvenser som uppstår i samband med livsmedelsproduktionen. 
Konsekvenserna påverkar Sveriges generationsmål och miljökvalitetsmål som blir 
svåra att uppnå. Dessutom blir det allt vanligare att allokalisera matproduktionen och 
dess miljöproblem till utlandet, vilket försvårar för miljöåtgärder och dess uppföljning. 
Ekologiskt jordbruk och efterfrågan på ekologiska produkter anses vara ett av de bästa 
sätten att förebygga miljöpåverkan som är kopplad till livsmedelssektorns 
produktionsled. Om matöverskott blir en värdefull resurs kan jordbruket av rationella 
skäl komma att anamma en intensiv och överflödig matproduktion, vilket 
underminerar ekologiska insatser. 

Ungefär en tredjedel av all mat som produceras slängs. Enligt EU:s avfallshierarki ska 
uppkomsten av matavfall främst förebyggas följt av material- och energiåtervinning. 
Förebyggande åtgärder är för tillfället undermåliga men bör ändå leda till en 
minskande matavfallstrend. Trots detta börjar matavfall bli ett lukrativt substrat då 
intressenter ökar på marknaden. Matavfallssubstratet får fler konkurrerande fördelar 
medan andra substratalternativ begränsas. Matavfall bör givetvis energiåtervinnas men 
inte på bekostnad av förebyggande åtgärder. Således bör EU övervaka utvecklingen av 
matavfallssubstratet och se till att energisektorn inte expanderar på bekostnad av 
överflödig matproduktion. Matavfallssubstratet bör genomgå en noggrann 
livscykelanalys samt jämföras med andra substrat för att kunna utvärdera om 
resurseffektivitet föreligger. Lämpliga EU och nationella policymedel kan därefter 
upprättas för att säkra knappa resurser samt främja en hållbar jordbruk- och 
energisektor. 
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ABSTRACT 

The EU has embarked on a resource efficiency trajectory in order to solve resource 
scarcity and general sustainability issues. The conversion of food waste into fuel is 
considered resource efficient as it makes use of resources that would otherwise be 
discarded. On the other hand, the food sector affects the environment substantially as 
it is inherently resource intensive and excessive. The purpose of the study was to 
assess how resource efficient the food waste substrate (feedstock for energy 
production) is from a life-cycle perspective. The study also aimed to determine if 
associated Swedish incentives and current market signals promote resource efficiency 
in Sweden. The food waste substrate has a complex life-cycle and current analyses 
neglect crucial life-cycle impacts. This makes resource efficiency difficult to determine 
in absolute terms. The first resource efficiency principle, that promotes the use of 
fewer inputs, becomes questionable as the food waste substrate has twice as many 
input stages in comparison to the food crop substrate. The second principle, stating 
that the food waste substrate should contribute to a low-carbon economy, also falls 
short due to a calculation method that neglects crucial emission stages. Due to the 
absent life-cycle perspective, crucial environmental impacts associated with food 
production are neglected. This affects the achievement of the Swedish Generation 
Goal and environmental quality objectives. The study concludes that the food waste 
substrate should undergo a thorough life-cycle analysis. Furthermore, it should be 
compared to other biofuel options in order to determine degree of resource efficiency. 
Only then can an appropriate set of EU and national policy measures be instated to 
safeguard scarce resources and promote a sustainable agriculture and energy sector. 

Key words: Resource efficiency; Food waste-to-energy; Biofuel; Food surplus 
production; Waste management; Policy measures. 

INTRODUCTION  

In 2050, the global population is projected to exceed 9 billion people 
with increasing resource needs and demands (UN, 2013). A greater use 
of renewable resources is seen as a necessity to secure food and 
feedstock for a growing population. Attention is drawn to the 
possibilities of the EU bioeconomy that promotes the sustainable 
production, conversion and use of renewable biological resources. 
Furthermore, the EC (European Commission) promotes the recovery of 
waste materials into higher value end-products, such as the conversion of 
food to fuel (EC, 2012a). Biofuel which is the end product of the 
conversion is considered carbon neutral and one of the most sustainable 
options to replace fossil fuel (Arthurson, 2009). 

Resources will also need to be used more efficiently in order to safeguard 
ecosystems and future supply. The primary benefit of converting food 
waste into biofuel is the recovery of the methane content that would 
otherwise be lost in landfills. According to the Swedish EPA (Swedish 
Environmental Protection Agency), resource efficiency is about making 
use of the energy that is present in the waste and ensuring that food 
produce is not discarded unnecessarily. The conversion of food waste to 
fuel is therefore considered resource efficient (Swedish EPA, 2012). 

Surplus food production, on the other hand, puts unnecessary pressure 
on global natural resources and ecosystems. Food waste uses and affects 
resource categories such as land, energy and water. The food supply 
chain uses 28% of material resources (EEB, 2014) while the food system 
is responsible for 20-30% of European greenhouse gas emissions (EC, 
2012b). A study on global food waste concluded that approximately one 
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third of the food that is produced for human consumption is discarded 
(FAO, 2011). 

“Europe 2020” is the current growth strategy that promotes a resource 
efficient and low-carbon economy (EC, 2014a). According to the 
resource efficiency roadmap, the EU should produce more valuable 
output with fewer resource inputs. The goal is to reduce inputs from the 
food supply chain by 20% and support sustainable food production and 
consumption (EC, 2011). Therefore, resource efficiency should at a 
minimum include: 

 The use of fewer inputs 

 The contribution to a low-carbon economy 

 Sustainable food production and consumption that minimize 
negative impacts on the environment 

According to the EU Waste Hierarchy, waste is to be managed in a way 
that promotes the best environmental outcome (EC, 2010). Prevention 
of food waste is the best way to avoid negative environmental impacts 
associated with surplus production (EC, 2008a). In terms of greenhouse 
gas emissions, it is ten times more efficient to prevent food waste instead 
of upgrading it to biogas (Avfall Sverige, 2011a). 

The Waste Framework Directive, the Renewable Energy Directive and 
the Common Agricultural Policy are crucial instruments for meeting 
general resource efficiency goals. The EC strives to achieve an integrated 
strategic approach to address trade-offs and optimize synergies among 
these policies. The success rate relies heavily on an appropriate set of 
measures such as incentives, sanctions and regulations. 

The aim of the study is to assess how resource efficient the food waste 
substrate (feedstock for energy) is from a life-cycle perspective. A life-
cycle perspective considers the environmental impacts that emerge from 
a product from generation to disposal (JRC, 2011). The aim is also to 
assess how rational the associated policy measures are in promoting 
resource efficiency. Understanding cumulative impacts along a causal 
chain is important in order to adopt effective policy measures that can 
stimulate sustainable resource use within the agriculture and energy 
sector. 

Purpose 
The purpose of the study is to assess how resource efficient the food 
waste substrate is from a life-cycle perspective. The purpose is also to 
determine if associated policy measures and current market signals 
promote more resource efficient outcomes in comparison to other 
biofuel alternatives. Furthermore, the study aims to assess the 
coordination of the Waste Framework Directive, the Renewable Energy 
Directive and the Common Agricultural Policy in optimizing resource 
efficiency synergies and addressing trade-offs. 

Questions at issue 

Main question 

How resource efficient is the food waste substrate and how rational are 
the associated policy measures in promoting overall resource efficiency? 

Sub-questions 

Does the food waste substrate life-cycle adhere to basic resource 
efficiency principles? 

What policy measures are associated with the supply and demand of the 
food waste substrate? 
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What market patterns affect the supply and demand of the food waste 
substrate? 

Delimitation 
The study focuses on EU and Swedish resource efficiency issues that are 
food waste and food crop related. The difference between the two is that 
the food waste substrate has to go through the food supply chain before 
it is processed for energy. The core focus of the study is ‘food waste and 
losses’ which will be referred to as ‘food waste’. Food waste is obtained 
from the food supply chain which includes production, processing, 
retail/distribution, consumption and disposal. The study focuses on 
biofuel in general and biogas in particular. Sweden was chosen as the 
country of further study in order to see how EU policy measures are 
applied at national level. Furthermore, the study focuses on the resource 
efficiency implications of EU and Swedish policy measures as well as 
current market patterns and signals. Due to the limited timeframe, the 
study was not able to weigh or evaluate resource efficiency factors with 
hard facts and figures. Such an undertaking would require a full life-cycle 
analysis of the food waste substrate and comparing it to other biofuel 
options. In that sense, the study refrains from drawing absolute 
conclusions. The findings merely indicate challenges within the 
recognized approach for determining resource efficiency. The Common 
Agricultural Policy and the Renewable Energy Directive are currently 
going through extensive reforms and so information is limited. The 
study bases the findings on measures that were applicable in 2013 as well 
as forthcoming measures that have been set but are yet to be 
implemented at national level. Caution should be taken in generalizing 
beyond the framework of the study. 

From food to fuel 
Biofuel is a renewable energy produced from biomass such as sewage 
sludge, manure, agricultural crops and organic waste. It is most 
commonly used for heating, electricity and fuel for transportation. 
Biofuel is considered a carbon neutral fuel, since the greenhouse gas 
content is already in circulation in the biosphere (Worldwatch Institute, 
2007). Biofuel is one of the most important fuel options to substitute 
fossil fuel, which is the main reason for its expansion (EC, 2013a). 

There are two recognized categories of biofuel, namely ‘First generation’ 
biofuel, which refers to the conversion of food based crops such as 
grains, sugar crops and oil seeds. ‘Second generation’ or ‘advanced’ 
biofuel uses advanced technology to convert specific energy crops, 
agricultural residues and organic waste into energy (Worldwatch 
Institute, 2007). First generation biofuel is considered less sustainable 
than second generation biofuel due to its perceived competition with 
food production and land use change impacts (EC, 2009). 

Waste-to-energy is a term describing the conversion of waste into 
energy. Biofuel made from food waste meets environmental 
sustainability criteria, qualifying it as a second generation biofuel (EC, 
2009). This type of conversion has the potential to meet 2% of the EU 
renewable energy target and reduce the use of fossil fuels considerably 
(EC, 2012c). 

The food waste substrate is commonly used to produce biogas and the 
easiest way to do this is by anaerobic digestion. In this process, organic 
material is digested in an airtight chamber creating a raw gas consisting 
of mainly methane and carbon dioxide. Biogas has high energy content 
in comparison to other fuels (Worldwatch Institute, 2007). The argued 



Monia Lundgren TRITA LWR Degree Project, LWR-EX-2014:07  

 

4 

benefit of the conversion is that it adds end-value to food waste that 
would otherwise end up in landfills, causing environmental damage. 
High quality bio-fertilizer is also a by-product that can be reapplied in 
the agricultural sector, substituting imported synthetic fertilizer 
(Arthurson, 2009). 

Some EU countries have shown great potential in converting food waste 
into energy and Sweden is no exception. The main substrates used for 
biogas production in Sweden are sewage sludge, manure and waste from 
the food supply chain. During the last couple of years, biogas production 
has grown substantially in Sweden and the theoretical biogas potential 
from digestion is 17.5TWh/year. 77% comes from agricultural 
production, 19% from food waste and 4% from sewage sludge and 
manure. Although biogas facilities have been promoted for several years, 
demand for biogas is still greater than the supply in many regions (WSP, 
2013). 

Biogas is currently produced in 242 plants in Sweden. The geographical 
distribution of biogas shows that the Swedish counties Skåne, Stockholm 
and Västra Götaland have the largest production share. This is mainly 
due to incentives for on-farm biogas production as well as the 
production potential of co-digestion plants (digestion of different 
organic materials including food waste) in close proximity to large cities. 
Biogas facilities will continue to increase, especially co-digestion and on-
farm biogas plants (WSP, 2013; Swedish Energy Agency, 2012). 

Food waste substrates are plentiful, since one third of the food produced 
for human consumption is discarded, excluding primary production. The 
reason for food waste accumulation differs within the food supply chain. 
Wastage may be due to spoilage, standard requirements, past due date, 
unforeseen patterns of demand, overproduction, overconsumption, 
financial support strategy and overstocking (FAO, 2011). The large 
amount of food waste accumulating in the EU may imply a large 
substrate potential for an expanding waste-to-energy sector. The 
conversion technologies have been rather costly and uncompetitive in 
comparison to fossil fuel. Therefore, policy measures have been put in 
place to support the expansion of the food waste-to-energy sector and 
make it more competitive (Government Offices, 2010). 

Sweden is a top performing country in waste management. Food waste 
amounted to 1.2 million tonnes in 2012, which is a slight increase in 
comparison to 2010 (Swedish EPA, 2014; Avfall Sverige, 2012). 
Approximately 60% of all municipalities in Sweden have adopted a food 
collection system, enabling them to sort and treat food waste for higher 
use purposes. In 2012, 50% of the processed Swedish household waste 
was recovered for higher use and 53% of that amount was upgraded into 
biogas (Avfall Sverige, 2012). According to policy measures, organic 
waste material should be processed rather than sent to landfills which 
have lead to an increasing supply of the food waste substrate (Avfall 
Sverige, 2011b). 

METHODOLOGY  

The study begins with a brief overview of the more recognized resource 
efficiency contributions and challenges associated with the food waste 
substrate. This was done using official EC reports that describe the 
resource efficiency path that the EU is currently on. There are many 
factors that decide how resource efficient the food waste substrate is. 
The factors that were chosen for this study were: 
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 Adherence to basic EU resource efficiency principles 

 EU and Swedish policy measures associated with the food waste 
substrate 

 Actors associated with the food waste substrate and their 
response to market patterns and signals 

Resource efficiency is not clearly defined by the EC but basic resource 
efficiency principles are highlighted in the ‘Roadmap to a Resource 
Efficient Europe’. Principles that are prominent in terms of food 
production are the use of less resource input and supporting sustainable food 
production and consumption that minimize negative impacts on the environment. 
Furthermore, it is an overall priority of the roadmap to support a low-
carbon economy (EC, 2011). These three principles are the focus of this 
study. 

The ‘Policy Framework’ chapter consists of policies and directives that 
determine the scope of the food waste substrate, namely the Waste 
Framework Directive, the Renewable Energy Directive and the 
Common Agricultural Policy. The Waste Framework Directive is crucial for 
the study as it sets the agenda for food waste management. Furthermore, 
the Waste Hierarchy determines how optimally a resource has been 
utilized and managed in its life-cycle. The Renewable Energy Directive is 
crucial for the study, as it sets the national obligations for renewable 
energy production. It also contains the calculation method used to 
determine greenhouse gas reduction efforts. Since the origin of food 
waste is agricultural output, the Common Agricultural Policy is also 
important to study. Furthermore, national action plans that reflect these 
policies and directives contain interventions that are relevant for the 
study. 

Actors of further study were the food supply chain as well as other 
actors that have interest in the food waste substrate. The food supply 
chain is a crucial component of the resource efficiency equation as 
surplus production and waste accumulation are hinged to profitability 
and rational behavior of its internal actors. The reason for studying the 
different actors was to assess how they respond to and depend upon 
associated policy instruments and market patterns. This is a crucial step 
in assessing if current policy measures achieve or diverge from an 
outcome initially opted for. Furthermore, it enables the study to decipher 
whether an appropriate policy package has been put in place to achieve 
resource efficiency. 

In the design of the study, different research methods were considered 
such as qualitative interviews with Swedish authorities and the food 
supply chain. An initial effort was made, however, respondents were few 
and raised the issue of the subject being sensitive and exploratory to the 
point that it was beyond the respondents’ area of expertise. The issue of 
credibility and quality of findings was also raised because answers were 
inclined to reflect personal hunches rather than expert opinions. Factors 
of certainty and truth were likely to be compromised and thus review of 
official reports, research articles as well as statistics and figures were used 
instead. 

The data was collected using official reports mainly from the EC, as well 
as reports and online information from relevant Swedish authorities; 
namely the Swedish EPA, the Swedish Energy Agency and the Board of 
Agriculture. The study used multiple source types, i.e. combining 
different sources in order to understand the phenomenon better. 
Representation was enhanced in this study by using between-source 



Monia Lundgren TRITA LWR Degree Project, LWR-EX-2014:07  

 

6 

expansion. Social reality issues may be better captured by obtaining a 
broader range of information using different source types to get different 
pieces of information (Onwuegbuzie et al, 2012). 

In order to determine how resource efficient the food waste substrate is 
in absolute terms, a rigorous bottom-line calculation would need to be 
made. This would imply making a full scale life-cycle analysis of the food 
waste substrate and comparing it to other biofuel options. Such an 
approach would have been preferred but was not possible due to the 
limited timeframe of the study. Instead, a SWOT analysis was carried out 
in order to indicate crucial factors that affect resource efficiency. A 
SWOT analysis is a strategic planning and analysis tool. It assesses 
strengths and weaknesses as well as opportunities and threats of a 
specific strategy. 

The SWOT table presents the findings in a simple way making it 
relatively straight forward to assess resource efficiency and decipher 
policy synergies and trade-offs. The result section answers the sub-
questions (SQ) of the study which is later fed into the SWOT table. 

SQ 1. All life-cycle inputs should be considered when assessing how 
resource efficient the food waste substrate is. A simplified life-cycle of 
inputs was obtained from a study visit to Svensk Växtkraft AB’s biogas 
facility in Västerås. In order to indicate if the food waste substrate uses 
fewer inputs, it was compared to another biofuel that may otherwise have 
been used. The most common substitutes on the market are food crop 
substrates and energy crop substrates. The study used the food crop 
substrate as the comparator, but could just as well have used the energy 
crop substrate since they have similar life-cycle stages. The degree of 
resource efficiency may be indicated by comparing the number of input 
stages of their individual life-cycles. The contribution to a low-carbon economy 
was assessed using the 2009 Renewable Energy Directive that contains 
the method for calculating greenhouse gas emissions. Sustainable 
production was assessed using status reports on the Swedish Generation 
Goal and its accompanying environmental quality objectives. They 
reflect all necessary environmental precautions that need to be taken to 
assert environmental quality by 2020. Information on the issue was 
retrieved from Swedish EPA reports and official websites. 

SQ 2. The second section accounts for EU and national policy measures 
that are associated with the food waste substrate. This includes 
instruments such as incentives, sanctions and regulations. The Swedish 
EPA has the responsibility to provide Sweden with policy measures that 
support sustainable waste management. Waste management measures 
were mainly obtained from the Swedish Waste Management Plan. Policy 
measures that promote a low-carbon economy are in working progress at 
national level. Applicable policy measures were obtained from the 2009 
Renewable Energy Directive, Kretschmer et al, the European Parliament 
and the biogasportal website (co-supported by the Swedish Gas 
Association and the Swedish EPA). The Swedish Board of Agriculture 
has the responsibility to provide the agricultural sector with policy 
measures that support sustainable production. Policy measures were 
mainly obtained from the official website of the Swedish Board of 
Agriculture. 

SQ 3. The last section aims to explore if associated policy measures and 
current market patterns are consistent enough to support resource 
efficiency. This section focuses on the actors that spur the supply and 
demand of the food waste substrate and how they respond to current 
market signals. The information was retrieved mainly from the Swedish 
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EPA and the Swedish Waste Management and Recycling Association 
(Avfall Sverige). 

POLICY FRAMEWORK  

This chapter consists of policies and directives that determine the scope 
of the food waste substrate, namely the Waste Framework Directive, the 
Renewable Energy Directive and the Common Agricultural Policy. 

Policy interventions for waste management 
According to the Waste Framework Directive, ‘waste’ is defined as a 
‘substance which the holder discards, intends or is required to discard’. 
Food waste from the food processing unit, households, restaurants, 
caterers and retailers is defined as ‘bio-waste’ (EC, 2008a). According to 
the FAO (2011), food losses and waste can be defined as food for 
human consumption that is lost or discarded in the food supply chain, 
excluding feed and parts of produce that are inedible. Any food produce 
that was originally meant for human consumption but diverted into a 
non-food use, such as bioenergy, is also considered a food loss or waste. 

Food waste comes from the food supply chain which has many stages 
where waste can accumulate. The stages of waste accumulation are 
primary production, processing, distribution and consumption (Parfitt et 
al, 2010). Distribution and consumption can be split into retailers, 
caterers/large kitchens, restaurants and households (Stenmarck et al, 
2006). 

The ‘Thematic Strategy on the Prevention and Recycling of Waste’ 
promotes the EU in becoming a recycling society that avoids landfill 
waste and rather uses waste as a resource for higher end purposes (EC, 
2008a). The Waste Hierarchy of the Waste Framework Directive sets the 
direction for waste handling, with the overall aim to reduce the use of 
resources and optimize resource efficiency. The hierarchy also sets the 
priority order for waste management starting with waste prevention 
followed by re-use, recycling and recovery (Fig.1). The waste-to-energy 
conversion is usually considered a process of recovery (EC, 2010). The 
priority order can be overlooked if justified for reasons of technical 
feasibility, economic viability or environmental protection (Kretschmer 
et al, 2013). 

According to the Waste Framework Directive, EU member states are 
obligated to establish a national waste management plan (EC, 2008a). 
The Swedish EPA is the governmental expert authority on waste related 
issues and responsible for the Swedish waste management plan. The 

Fig. 1. The Waste Hierarchy. 
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current plan bases its waste mitigation reasoning around the Waste 
Hierarchy and the Swedish environmental quality objectives. Future 
incentives are needed to opt higher up in the Waste Hierarchy, where 
initiatives to prevent the origin of waste should be prioritized. With 
regards to food waste, priority is given to household waste and resource 
efficiency in the food supply chain. An interim objective has been set to 
sort and biologically treat at least 50% of the food waste and treat 40% 
for energy (Swedish EPA, 2012). 

Policy interventions for renewable energy 
In order to reach the EU climate and energy target for 2020, emission 
saving interventions have been set for the transport, housing, agriculture 
and waste sector (EC, 2009). 

The overall objective is reflected in the “20-20-20” energy target where 
the following is to be achieved by 2020 (EC, 2008b): 

 A 20% reduction in EU greenhouse gas emissions from 1990 
levels 

 Raising the share of EU energy consumption produced from 
renewable resources to 20% as well as a 10% share of renewable 
energy in the transport sector 

 A 20% improvement in energy efficiency at all stages of the 
energy chain 

The general goal is to influence the EU market to take environmental 
precaution and produce reliable sources of energy that can be used as an 
alternative to fossil fuel imports. Furthermore, the EU is believed to save 
€60 billion in oil and gas imports by 2020, contributing to energy security 
and self-sufficiency (EC, 2005). 

According to the Renewable Energy Directive, each member state has 
individual targets that consider their different potentials in reaching the 
overall renewable energy target by 2020. Sweden has the most ambitious 
target set at a share of approximately 50% of energy from renewable 
resources, while Malta is obligated to contribute by a mere 10%. 
Mobilizing new biomass resources is seen as a necessity to reach these 
targets. Thus far, member states have applied different measures that 
promote the use of energy from renewable resources (EC, 2009). 

The demand for agricultural commodities is growing, meaning that the 
amount of land used for cultivating biomass will be growing. There is an 
ongoing debate on the environmental and social pros and cons of 
biofuel production. On the one hand, it may reduce greenhouse gas 
emissions as it is considered carbon neutral. On the other hand, the 
production may also have substantial impacts on carbon stocks 
(vegetation area that bind high amounts of carbon), biodiversity, water 
use, chemical and pesticide use as well as food security (EC, 2009). 

According to the EC (2009), biofuel production should be sustainable. 
Sustainability criteria have therefore been stipulated in the 2009 
Renewable Energy Directive. According to the criteria, the increasing 
demand for biofuel should not come at the expense of biodiverse lands 
that inhibit endangered or valuable flora and fauna. Furthermore, the 
directive states the need to monitor impacts of biomass cultivation such 
as direct and indirect land-use change that may compromise food 
production and food prices (EC, 2009). 

EU member states are obligated by the Renewable Energy Directive to 
establish a national renewable energy plan (EC, 2009). The Swedish 
Renewable Energy Plan has the overall aim to support ecological 
sustainability and resource efficiency. It also supports a renewable energy 
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market that is competitive and energy secure. Furthermore, the plan 
should consider long-term ambitions to establish a vehicle fleet that is 
independent of fossil fuel by 2030, while striving to achieve zero net 
greenhouse gas emissions to the atmosphere (Government Offices, 
2010). 

Policy interventions for agriculture 
The Common Agricultural Policy is the main policy for agricultural 
related mechanisms and objectives in the EU. Farmers are supported 
and economically compensated for supplying the EU market with 
affordable quality food as well as safeguarding and maintaining the 
countryside (EC, 2012d). The policy was recently reformed towards 
integrating with EU 2020 objectives. The reform was accepted 2013-
2014 and is currently being implemented. 

There are four types of mechanism that are integrated in the Common 
Agricultural Policy; namely coupled support, decoupled support, export 
refunds and other market measures (EC, 2012d). In the earlier days of 
the Common Agricultural Policy, production-oriented schemes 
associated with coupled support were used to diminish post war food 
deficits. The policy was so productive that it led to permanent surpluses 
which needed to be exported or disposed of. This was pursued by 
relieving surpluses onto the international market, distorting and 
decreasing the chances for developing countries to become food self-
sufficient. The export refund mechanism was scrutinized and is currently 
only applicable on certain foods. Coupled support is also limited, moving 
away from production-oriented schemes towards supporting producers 
and their farm land. Currently, farmers may freely respond to market 
signals independent of production quotas (EP, 2010). 

Since 2010, the majority of support is dedicated to a two-pillar structure: 

Pillar 1: Market support measures and direct subsidies 

Pillar 2: Rural development 

The first pillar provides income support to farmers while the second 
pillar promotes sustainable development of the countryside. Farmers 
have to adhere to a cross compliance scheme that ensures that pillar 
spending support environmental and agricultural best practice. The 
newest compliment is a greening mechanism that promotes the 
provision of public goods that are beneficial for the environment and the 
climate (EC, 2013b). This implies agricultural practices that maintain 
grasslands and ecological focus areas, crop diversification or other 
equivalent greening practices. EU member states are obligated to align 
their rural development programs to four out of six common EU 
priorities. The fifth priority focuses on the promotion of resource 
efficiency and supporting the shift to a low-carbon economy within the 
agriculture and food sector (EC, 2013b). 

The Common Agricultural Policy is funded and managed at EU level 
from resources set out in the annual budget of the Multiannual Financial 
Framework (EC, 2013b). In 2013, 40% of the EU budget was dedicated 
to the Common Agricultural Policy (EC, 2014b). Approximately €363 
billion will be dedicated to the Common Agricultural Policy for the 
period 2014-2020 (EC, 2013c). Member states have increasing flexibility 
to decide on pillar spending depending on country specific conditions 
and needs. The Board of Agriculture is the governmental expert 
authority responsible for the agricultural sector in Sweden. The Swedish 
rural development program is awaiting approval by the EC, and the new 
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program will most likely be implemented in autumn 2014 (Board of 
Agriculture). 

RESULTS  

Resource efficiency 
Basic resource efficiency principles imply the use of fewer inputs as well 
as supporting a low-carbon economy. Furthermore, food production and 
consumption should be sustainable and minimize negative impacts on 
the environment. 

Less or more input 

Resource efficiency is in one sense met by the recovery of discards for 
higher end use. However, resource efficiency should also consider 
resource inputs from the full life-cycle of the food waste substrate (EC, 
2014a). 

The use of fewer resource inputs can be indicated by comparing the 
food waste substrate to another biofuel substrate that may otherwise 
have been used. The food crop substrate was chosen as the comparator. 
The two substrates are compared in terms of input stages of their 
individual life-cycles. The difference between the two substrates is that 
the food waste substrate has to go through the food supply chain before 
it is processed for energy. 

The most common resource inputs are land, water, energy, pesticides, 
fertilizers and packaging material. The input stages of the food waste 
substrate are production, food processing, food distribution, food 
consumption, waste management, waste processing, energy processing, 
energy distribution, energy use and transportation (Table 1)(Svensk 
Växtkraft AB). 

The food waste substrate has twice as many life-cycle stages in 
comparison to the food crop substrate. The food waste substrate takes 
the long route to its end user while the food crop substrate is directly 
diverted to the energy sector. The input stages of the food waste 
substrate may be fewer if the waste is obtained directly from the food 
industry (production/processing) excluding waste returned from 
retailers. 

Table 1 Life-cycle inputs of the food waste substrate and the 
food crop substrate 
Stages of input Food waste substrate 

(Municipal waste) 

Food crop substrate 

Production Land, water, pesticides, 
fertilizer, energy 

Land, water, pesticides, 
fertilizer, energy 

Food processing Energy, water, packaging - 

Food distribution Energy, packaging - 

Food consumption Energy, water - 

Waste management Energy, water - 

Waste processing Energy, water - 

Energy processing Energy, water Energy, water 

Energy distribution Energy Energy 

Energy use Energy Energy 

Transportation Energy Energy 
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Contribution to a low-carbon economy 

The emission stages of the food waste substrate are compared to the 
emission stages of the food crop substrate (Table 2). According to the 
Renewable Energy Directive (2009), ‘energy use’ is exempted for both 
substrates. Furthermore, waste need only account for greenhouse gas 
emissions up to the point of collection of the waste substrate. Biogas 
from municipal organic waste has among the highest default (preset) 
values in terms of greenhouse gas savings. Total greenhouse gas 
emissions from production to end use are calculated using nine 
parameters. The emission outputs are added and then subtracted by the 
emission savings. Member states should ensure that raw materials are not 
intentionally modified to adhere to this principle (EC, 2012e). 

E = eec + el + ep + etd + eu – esca – eccs – eccr – eee 

E = Total emissions from the use of the fuel 

eec = Emissions from the extraction or cultivation of raw materials 

el = Annualized emissions from carbon stock changes caused by land-use change 

ep = Emissions from processing 

etd = Emissions from transport and distribution 

eu = Emissions from the fuel in use 

esca = Emission saving from soil carbon accumulation via improved agricultural 
management 

eccs = Emission saving from carbon capture and geological storage 

eccr = Emission saving from carbon capture and replacement 

eee = Emission saving from excess electricity from cogeneration 

(EC, 2009. Annex V) 

If the ‘actual’ life-cycle emissions were accounted for, another five stages 
of emissions would need to be considered in comparison to the RED 
(Renewable Energy Directive) estimate. Furthermore, the ‘actual’ 
emission stages of the food waste substrate have five to six more input 
stages in comparison to the food crop substrate (Table 2). ‘All 
transportation’ is the number of transportation stages that occur between 
the different energy input stages. The ‘actual’ aggregate transportation of 
the food waste substrate should be four times that of the food crop 
substrate and more than double that of the RED estimate. 

 
Table 2 Life-cycle inputs of the food waste substrate and the 
food crop substrates in terms of energy 
Stages of energy 
input 

Food crop 

substrate 

Food waste 
substrate 

(RED) 

Food waste 

substrate 

(actual) 

Production x - x 

Food processing - - x 

Food distribution - - x 

Food consumption - - x 

Waste 
management 

- x x 

Waste processing - x x 

Energy processing x x x 

Energy distribution x x x 

Energy use - - (x) 

All transportation X 2 X3 X8 
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Sustainable production and consumption 

The food supply chain is one of the leading drivers of environmental 
degradation mainly due to the substantial use of production inputs (EC, 
2012b). It is difficult to determine the future use of agricultural inputs in 
Sweden since production levels are declining and replaced by imported 
food. Resource efficiency needs to account for all inputs such as energy, 
water, land, fertilizer and pesticides regardless of where the food is 
produced. 

Environmental impacts of the food sector can be seen in the light of the 
Swedish Generation Goal. The goal implies handing over our society to 
the next generation, where environmental and health problems are 
solved without compromising the environment in other parts of the 
world (Swedish EPA, 2012). The Swedish Generation Goal is 
accompanied by sixteen environmental quality objectives. The food 
waste substrate impacts at least eleven out of sixteen quality objectives, 
namely: reduced climate impact, natural acidification, a non-toxic 
environment, zero eutrophication, flourishing lakes and streams, good 
quality groundwater, a balanced marine environment, flourishing coastal 
areas and archipelago, a varied agricultural landscape, a good built 
environment and a rich diversity of plant and animal life; of which all are 
struggling to be met by 2020 (Swedish EPA). 

The demand for more food, raw material, energy and water increases the 
pressure on natural resources and ecosystems. Meeting future demand 
and decreasing pressure on ecosystems is therefore going to be a 
challenge. The agricultural sector has become more intensified in some 
parts of the country while some agricultural areas have been abandoned. 
Monocultures have long been applied as a rational choice which has 
affected biodiversity. This affects the environmental quality objectives ‘a 
varied agricultural landscape’ and ‘a rich diversity of plant and animal life’ 
(Swedish EPA). 

Approximately 40% of the anthropogenic (man induced) nitrogen and 
phosphorous, that leak into oceans and water sources, stem from the 
agricultural sector (Statistics Sweden et al, 2012). The success rate of zero 
eutrophication, natural acidification, flourishing lakes and streams, a 
balanced marine environment as well as flourishing coastal areas and 
archipelago; is therefore heavily dependent on mitigation measures 
within the agricultural sector. Bio-fertilizer which is a by-product from 
biogas production helps alleviate this problem. 

Growing consumption trends spur production levels that rely heavily on 
pesticides. Pre-purchased pesticides have increased mainly due to the 
increasing need for using weed chemicals. Dosage per hectare increased 
substantially between 2011 and 2012. This is a major obstacle for 
meeting the environmental quality objectives ‘a non toxic environment’ 
and ‘good quality ground water’. The development is heading in the 
wrong direction due to poor crop rotation that requires abundant 
amounts of pesticide use (Swedish EPA). 

Cultivated land area is decreasing in the EU and almost half of the farm 
land that is required to produce food for the Swedish population is 
situated abroad. The use and leakage of fertilizer is also decreasing. 
Artificial inputs do, however, remain high or are allocated abroad. 
Swedish agricultural inputs may thus be declining at the expense of 
inputs for production abroad. The declining production trend for 
domestically produced food can be linked to environmental problems in 
other parts of the world. Statistics show that greenhouse gas emissions 
from consumption of domestic produce are declining while emissions 



From Food to Fuel: The Swedish Resource Efficiency Dilemma

 

13 

abroad are increasing. The Swedish Generation Goal has been revised to 
incorporate resource inputs from imported food (Statistics Sweden et al, 
2012; Swedish EPA). 

There are few food production inputs that do not impact the 
environment. Bio-fertilizer is a circular resource that can be reapplied 
into the agricultural sector. Apart from that, many agricultural inputs are 
scarce or artificial, resulting in depletion or degradation (from overuse) 
of natural resources. Artificial inputs and the use of scarce resources 
need to minimize. A sustainable agricultural practice implies creating 
tight and efficient resource flows that require little energy and result in 
maximum yields in relation to inputs and their impacts (Statistics Sweden 
et al, 2012). 

Pollution of land and water stemming from the agricultural sector has 
become a complex problem. It is not as simple as defining input and 
output when it comes to environmental impacts. Negative resource 
inputs have far-reaching implications that are difficult to determine. 
Agricultural best practice is crucial for determining environmental 
outcomes. According to Gustafsson (2000), the agricultural sector used 
to be in ecological equilibrium decades ago but has changed drastically 
since the 60’s. Since then, intensive and expansive agricultural practices 
have been chosen as the way forward to deal with increasing resource 
demands. It is becoming increasingly difficult to mitigate negative 
environmental impacts without making fundamental changes to the 
agricultural policy and its influence on the market. 

Ecologic farming has the possibility to produce food without 
compromising the environment. Pesticides and synthetic fertilizer are 
substituted with better rotation crops and bio-fertilizer. In the absence of 
chemicals and through the application of a more varied crop sequence, 
increased biodiversity in the farming areas and its vicinity can be realized. 
An increasing supply and demand for ecological products can make a 
substantial contribution to the Swedish Generation Goal and the 
environmental quality objectives (Swedish EPA). 

Policy measures 
This section will look at EU and national policy measures that are 
associated with biofuel in general and the food waste substrate in 
particular. 

As mentioned earlier, biogas from organic waste has among the highest 
default values in terms of greenhouse gas savings, since waste need only 
account for greenhouse gas emissions up to the point of collection (EC, 
2009). Biomass fraction of industrial waste and mixed municipal waste is 
counted four times their energy content in terms of contribution towards 
the national renewable energy target (Kretschmer et al, 2013). 

In 2013, the European Parliament approved the proposal to limit the 
contribution of first generation biofuels, such as food crops, in reaching 
the 10% renewable energy transport target. Merely a 5.5% share of the 
10% transport mix is allowed to come from first generational biofuel, 
while a minimum of 2% should be obtained from advanced biofuels, 
which include certain waste substrates (EP, 2013). 

Waste handling is included in the Swedish Generation Goal. One waste 
management goal implies the target to sort, treat and upgrade 40% of 
food waste from households, retailers, large kitchens/caterers and 
restaurants by 2018. The food waste substrate is therefore readily 
available due to incentives that support such targets (Swedish EPA). 
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The Common Agricultural Policy is currently applying a subsidy system 
where farmers are free to respond to market signals. The Swedish Board 
of Agriculture distributes various subsidies that impact the food waste 
substrate. It is unclear which subsidies will remain in the pillar programs 
and how new priorities will be implemented in the policy round for 
2014-2020. In 2013, support was given to projects that contributed to 
the increased production and use of renewable energy. Support was also 
distributed to projects that reduced climate impacts from the agricultural 
sector (Board of Agriculture). 

The large interest in biogas production has meant that economic support 
has been focused on increasing the production potential. From 2009-
2013, investment support was distributed to farmers and rural initiatives 
that invested in the production and processing of biogas. Investment 
grants for biogas plants and infrastructure were also distributed. In 2011, 
investors seeking to start biogas facilities exceeded the support capacity. 
The support was part of the rural development program and cost €22 
million (Board of Agriculture, 2011; Board of Agriculture n.d.). 

The environmental benefits of using biogas have also meant that 
economic support has been focused on increasing the use of biogas. 
Energy taxation is meant to support energy efficiency as well as increase 
the use and domestic production of renewable energy. The taxation 
consists of energy and carbon tax. All biofuels are exempted from 
carbon tax while the energy tax varies according to type of biofuel 
supplied or used.  Biogas has competitive benefits in comparison to its 
fossil and other biofuel counterparts. Up till 2019, biogas will be 100% 
energy tax deductible if it complies with sustainability criteria. Ethanol 
merely has an 89% deductible energy tax. Until 2015 biogas will 
progressively increase in tax benefits by €0.024/kWh in comparison to 
natural gas and by €0.07/kWh in comparison to petrol. Biogas used for 
heating is exempted from energy taxes as well as carbon taxes 
(Biogasportalen). 

An electricity certificate system has been applied in Sweden to further a 
cost-effective production of renewable electricity. Every unit of 
produced biofuel is ascribed a certificate that can be sold and generate an 
extra income. This is combined with a quota obligation system that 
obligates electricity suppliers, large electricity users and industries to hold 
a certain amount of electricity certificates in relation to the supply or use 
of electricity (Biogasportalen). 

Market patterns 
This section will look further into the market dimension of the food 
waste substrate, i.e. how actors associated with the food waste substrate 
respond to current market signals. 

According to the Swedish EPA, most of the edible food waste is 
discarded at the household and processing levels. Waste from the 
processing level also consists of retail surpluses as unsold retail food can 
be sent back to the processing level. Thus, incentives for retailers to buy 
food according to actual demand or in moderation are weak. The key 
reason for the abundant household waste is due to a market failure in the 
pricing of the food combined with low waste management fees. Food 
becomes cheap when supply outstrips demand and socio-environmental 
costs are neglected. This results in wasteful behavior as consumers 
respond to cheap prices and buy more than they can consume. The food 
is usually cheap enough to discard and not worthy of the time and effort 
to prevent. If the socio-environmental costs are internalized, wasteful 
behavior may be rethought sending signals to the industry to decrease 



From Food to Fuel: The Swedish Resource Efficiency Dilemma

 

15 

food production amounts. This is considered a main solution to the 
problem at hand. Mitigation measures are informative, targeting the latter 
part of the food supply chain to change behavior so that the rest will 
follow (Swedish EPA, n.d.). 

Mitigation measures to prevent food waste are on-going. In that sense 
availability of food waste for energy production should be decreasing in 
the future (Kretschmer et al, 2013). Current strategies revolve around 
working with actors who have an interest in and a responsibility for the 
accumulation of food waste. Studies are being undertaken to better 
understand food waste accumulation and develop better statistics 
regarding food quantities. This is complimented with soft mitigation 
measures such as giving advice, increasing awareness, informing and 
educating the food supply chain on how to use resources more sparingly 
and efficiently (Swedish EPA, 2012). Hard measures such as increasing 
waste fees and waste quotas don’t seem to be applicable measures for the 
time being or in the near future (Swedish EPA, n.d.). At household level, 
sorted organic food waste is incentivized by lowering of the waste fees. 
The goal is to obtain sorted organic waste that can easily be converted 
into biogas. 

A study made in 2011 concluded that the value of the food waste 
substrate is increasing. The energy and animal feed industry has gone 
from applying fees on waste disposers to paying for waste substrates. In 
2011, the standard price was in favor of waste disposers that profited 
approximately €5.50/tonne. New waste processing plants include 
substrates as a cost rather than counting on substrates being supplied to 
them for free. The use of food waste substrates varies between the 
Swedish provinces. Skåne and Halland use 0-35% food waste while 
Västra Götaland use 50-100% food waste for energy production. 
Competition for food waste is therefore widely recognized in the 
province of Västra Götaland, where most biogas plants use food waste 
as a base substrate. Moreover, co-digestion plants and on-farm biogas 
plants are increasing. The study shows that co-digestion plants are in for 
competition and are likely to be economically affected in years to come. 
Co-digestion plants are also competing with the animal feed sector as 
well as incineration plants that use food waste for heating purposes. The 
demand for the food waste substrate depends on paying capabilities and 
the magnitude of the competing sectors (Avfall Sverige, 2011b). 

Food waste is considered a valuable substrate for the future as it is likely 
to be in high demand when new technologies are able to pre-treat waste 
more cost-effectively. Packaged food waste will also be in demand as 
recent technologies have made sorting relatively straight forward. Food 
waste from households is becoming lucrative and thus more 
development efforts are likely to be made in that sector. In the province 
of Västra Götaland, food waste substrates usually stem from municipal 
organic waste or food industry waste. The facilities in the province have 
been reliant on the food industry for a long time. More actors have 
become aware of the new substrate market and an increasing amount of 
actors are willing to pay better for the substrates (Avfall Sverige, 2011b). 

In Stockholm, city gas (blend of natural gas and biogas) is used in 80 000 
households and restaurants to fuel kitchen stoves. This is also expected 
to increase as biogas production expands (City of Stockholm, 2013). 

Resource efficiency dilemma 
The factors that impact resource efficiency of the food waste substrate 
are compiled in a SWOT table (Table 3). The table accounts for 
strengths and weaknesses associated with the substrate. Furthermore, it 
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accounts for future opportunities but also threats that may be 
forthcoming if the policy climate and market patterns remain 
inconsistent in furthering resource efficiency. 

DISCUSSION  

The food waste substrate has a complex life-cycle which has not been 
properly analyzed. This makes resource efficiency difficult to determine 
in absolute terms. In comparison to the food crop substrate, the food 
waste substrate has to go through the food supply chain before it can be 
processed for energy. This implies twice as many stages of input. Food 
crops aimed directly for the energy sector may be more resource efficient 
as it has fewer input stages. The greenhouse gas emissions of the food 
waste substrate are calculated from the point of collection of the waste. 
This neglects crucial emissions from the food production, food 
processing and food distribution. 

Surplus food production uses unnecessary amounts of resources such as 
water, land, fertilizer, energy and pesticides. This can in turn spur 
environmental problems such as depletion of resources and degradation 
of ecosystems as well as further ramifications to biodiversity. The use of 
land, water and fertilizer is decreasing in Sweden, mainly due to the 
allocation of primary production and processing abroad. Statistics show 
that greenhouse gas emissions from consumption of domestic resources 
are decreasing while it is increasing abroad. This is a sign that Sweden 
has allocated environmental impacts associated with the production and 
processing of food elsewhere. More control should be undertaken to 
avoid exploitation of resources abroad, especially if it occurs in regions 
that are already resource scarce. 

The Renewable Energy Directive is supposed to support environmental 
precaution through its sustainability criteria. The directive has come a 
long way in terms of preventing direct land use change and more 
recently indirect land use change. The EC should also consider 
‘unintentionally distorted land use’ that may come as a result of surplus 
food production that is indirectly diverted into the energy sector. A more 
reasonable choice may be to prevent food excesses as far as possible so 
that more efficient biofuels can be produced without impeding on 
valuable carbon stock. Primary production impacts may be the same for 

Table 3 The Resource efficiency dilemma 

Strengths 
 Contribution to less landfill 

waste and landfill emissions 

 Production of bio-fertilizer and 
carbon neutral biofuel  

 Substitution to fossil fuel 

 Domestic energy supply 

 Management of food waste 

Weaknesses 
 Resource intensive production 

 Partial life-cycle analysis 

 Many input stages in relation 
to other biofuels 

 Deficient method to account 
for greenhouse gas emissions 

Opportunities 
 Policy climate pro resource 

efficiency 

 Priority on the prevention of 
food waste 

 A Goal to achieve a 20% 
reduction in resource inputs in 
the food supply chain 

Threats 
 Increasing demand for food 

waste and limiting other 
substrate alternatives 

 Lucrative food waste spurring 
surplus production 

 Undermining of ecological 
farming 

 Maintain intensive farming 

 Increased environmental 
impacts 
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food crops and food waste alike. However, the processing path of the 
food waste substrate still remains more than twice as long. 

The Swedish EPA highlights the growing food waste problem and the 
need to reach higher up in the Waste Hierarchy. Recycling and recovery 
should only be applied as a second resort to the prevention of food 
waste. Such reasoning is reflected in the stage goals and targets of the 
Swedish environmental quality objectives. So far, soft communication 
measures have been applied on the distribution and consumption stages 
of the food supply chain. Hard economic measures such as increasing 
waste taxes are currently neglected. The current measures will only 
allocate food surpluses to other parts of the food supply chain. If the 
current policy climate indirectly furthers a competitive market for these 
excesses, optimal resource efficiency may never become reality. 
Therefore, measures need to be applied on all stages of the food supply 
chain. Furthermore, the Common Agricultural Policy needs to be 
recognized as an important policy for change on the matter. Lowering of 
waste fees for sorted organic food waste should be complimented with 
other measures to prevent consumers from discarding food. 

Waste-to-energy conversion is still increasing due to better collection, 
sorting and processing of waste. According to the Swedish energy action 
plan, sorted household waste is never going to be enough to substitute 
fossil fuel within the transport sector, not even if it is complemented 
with other types of biofuel (City of Stockholm, 2013). Even so, the 
competition for the food waste substrates is increasing as biogas facilities 
and infrastructure is incentivized for the purpose of expansion. 
However, waste amounts should be falling over time as waste 
preventative measures are introduced. This means that the biofuel 
market will have to resort to other substrate options in the near future. 
Organic residues, sewage sludge and manure can meet parts of the 
current demand; however, these substrates need to be complimented 
with other substrates if the biofuel sector is to expand. The agricultural 
sector is most likely going to have to produce more energy crops or 
more food crops where the latter has been limited. The biofuel sector 
may find itself in a dead lock as policy measures are unable to account 
for substrates that are to support this expansion. 

The majority of producers and processors make money from large 
outputs. If food as well as food waste becomes high in demand, there 
would be no reason for producers and processors to produce food in 
moderation. Eleven out of sixteen Swedish environmental quality 
objectives are most likely not going to be met by 2020. This is partly due 
to the rate of overconsumption. The current follow-up of the 
environmental quality objectives concluded that policy measures and 
regulations are insufficient and inefficient. The prime example is the 
agricultural sector with instruments that are decreasing in strength, 
making it more difficult to reach the objectives (Swedish EPA).  

According to the resource efficiency roadmap, resource efficiency and 
global food security can be improved if the food supply chain resorts to 
sustainable production techniques, sustainable food choices and reduced 
food waste (EC, 2011). Ecological farming and demand for ecological 
products is considered the best way to mitigate environmental problems 
associated with intensive and excessive food production. This will most 
likely be undermined if food surpluses become valuable. The new 
greening mechanism of the Common Agricultural Policy may be a step 
in the right direction, if intentions and incentives are robust enough. 
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CONCLUSIONS  

The food waste substrate has a complex life-cycle which has not been 
properly analyzed. This makes resource efficiency difficult to determine 
in absolute terms. There are many factors that impact on many levels. 
The conversion of food waste to biogas is considered resources efficient 
as it makes use of the methane content that would otherwise be lost in 
landfills, causing environmental damage. Furthermore, the conversion 
produces bio-fertilizer that can be reapplied in the agricultural sector, 
minimizing the use of synthetic fertilizer. However, resource efficiency 
needs to be considered from a full life-cycle perspective. 

Resource efficiency implies the use of fewer resources. The food sector 
is inherently resource intensive and uses unnecessary resource inputs for 
the production of surpluses. Furthermore, the food waste substrate has 
twice as many life-cycle stages compared to the food crop substrate. This 
may indicate that more inputs are used rather than less. The second 
principle, stating that the food waste substrate should contribute to a 
low-carbon economy, also falls short due to a calculation method that 
neglects crucial emission stages. Finally, the food waste substrate affects 
eleven out of sixteen Swedish environmental quality objectives. 
Mitigation measures made in the agricultural sector can determine the 
success rate of the Swedish Generation Goal and its accompanying 
environmental quality objectives. Furthermore, environmental problems 
associated with food production are more often allocated abroad, 
making mitigation efforts and monitoring more difficult to undertake. 
Ecological farming and the demand for ecological products is considered 
one of the best ways to mitigate environmental impacts associated with 
the food sector. If food surpluses become valuable, intensive and 
excessive food production may be applied as a rational choice and 
undermine the expansion of ecological farming. 

The EC should consider undertaking a more thorough life-cycle analysis 
of the food waste substrate in order to assess how resource efficient it is 
in comparison to other biofuel substrates. Furthermore, policy measures 
should be put on interventions that prevent surplus and waste 
accumulation at all stages of the food supply chain. Waste recovery is 
commendable but incentives should not counteract ongoing efforts to 
reduce and prevent food waste. Caution should be taken in supporting 
the creation of a lucrative market for food waste, i.e. the biofuel sector 
should not expand at the expense of excessive food production. Policies, 
which further this type of resource demand, should consider if the trade-
offs are rational in the long run given a bigger picture. The negative 
implications to the ecosystems remain uncertain and thus a precautionary 
principle may be advisable. It is important for the EU to keep track of 
where the sector is heading so that the policy advantages meant to 
further resource efficiency do not end up spurring a market that 
proliferate on increasing waste flows. The Waste Framework Directive, 
the Renewable Energy Directive and the Common Agricultural Policy 
have potential to change such outcomes if policy instruments and 
measures are better coordinated. 
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