
Food, energy and the environment from a Swedish perspective  •  Rebecka engström, kth stockholm �

Food, energy and the environment 
from a Swedish perspective

Rebecka Engström

Environmental Strategies Research – fms

Department of Urban planning and environment

Royal Institute of Technology

100 44 Stockholm

www.infra.kth.se/fms



Food, energy and the environment from a Swedish perspective  •  Rebecka engström, kth stockholm�

Title: Food, energy and the environment from a Swedish perspective

Author: Rebecka Engström

Cover photo: Isak Engström

Layout: Marcus Engström

TRITA-SOM 06-009
ISSN 165�-6126
ISRN KTH/SOM/R--06/009--SE
ISBN 91-7178-��8-1

Printed in Sweden by US AB, Stockholm, 2006



Food, energy and the environment from a Swedish perspective  •  Rebecka engström, kth stockholm 5

Sammanfattning

Det särskilda sektorsansvaret är en ordning inom miljöpolitiken som innebär att 
varje sektor har ansvar för att hantera de miljöproblem som orsakas inom sektorn. 
På grund av detta ansvar finns ett behov av att kartlägga miljöproblem från sek-
torer, att identifiera de viktigaste problemen och att hitta strategier för att minska 
miljöpåverkan. Jordbrukssektorn och energisektorn är två sektorer som orsakar 
stor miljöpåverkan, vilket gör dem intressanta som fallstudier.

För att undersöka miljöpåverkan och möjligheten att minska dessa i de båda 
sektorerna används ett systemanalytiskt perspektiv. Ett sådant angreppssätt ger 
möjlighet att analysera frågorna på ett mer genomgripande sätt, så att problemen 
inte endast förflyttas och istället skapar problem på andra håll i världen eller för 
framtida generationer, eller att ett problem reduceras medan ett annat istället ökar. 
Med ett systemperspektiv kan även indirekta effekter inkluderas när strategier 
för minskad miljöpåverkan i sektorn analyseras. De indirekta effekterna omfattar 
påverkan som sker uppströms och nedströms produktionskedjan, liksom påver-
kan från konsumenter.

En metod för att bedöma miljöpåverkan från en sektor har utarbetats och tes-
tats på jordbruks- och energisektorn (Artikel I och II). Metoden är en hybridmetod 
baserad på miljöexpanderad input-output analys (IOA) och livscykelanalys (LCA). 
IOA-data från Miljöräkenskaperna används som utgångspunkt för inventeringen. 
Dessa data ger information om både direkt och indirekt miljöpåverkan från sektorn. 
För att fånga även sådana miljöaspekter som inte omfattas av miljöräkenskaperna 
används sedan de svenska miljökvalitetsmålen som en checklista, och information 
om den miljöpåverkan som inte finns med i IOA hämtas från litteraturen. För 
vidare hantering av den insamlade informationen om utsläpp och resursanvänd-
ning används karaktäriserings- och värderingsmetoder från LCA-metodologin. 
Därigenom kan s.k. hotspots, dvs de viktigaste problemen, identifieras.

Baserat på denna hybridmetod blev resultatet att i jordbrukssektorn är de 
viktigaste frågorna biologisk mångfald, växthuseffekt, övergödning, användning 
av icke-förnybara resurser och troligen även toxicitet genom användningen av 
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bekämpningsmedel. I energisektorn är de viktigaste problemen luftkvalitet, växt-
huseffekt, användning av icke-förnybara resurser och toxicitet. 

En analys av policies inom sektorerna (Artikel III) visar att både jordbruks- 
och energisektorn fokuserar delvis på de problem som identifierats som hotspots 
i sektorsanalyserna, men att vissa av de viktiga problemen inte ägnas så stor upp-
märksamhet. I jordbrukssektorn är fokus huvudsakligen riktat mot biologisk 
mångfald och toxicitet, medan energisektorn framför allt fokuserar på växthus-
effekt och användning av icke-förnybara resurser.

En andra IOA-LCA hybridmetod, Energy Analysis Programme, har använts 
för att studera hushållens direkta och indirekta energianvändning (Artikel IV och 
V). Genom en kombination av IOA och processdata kan energiintensiteten (dvs. 
energi per monetär enhet, MJ/SEK) beräknas av ett stort antal varor och tjänster. 
När dessa beräkningar kombineras med information om hur ett hushåll spenderar 
sin inkomst kan hushållens totala energianvändning beräknas. Beräkningarna ger 
också information om hur inkomsten kan spenderas på mer energisnåla sätt. En 
ytterligare studie gjordes för att visa på betydelsen av minskat livsmedelssvinn 
som strategi för minskad miljöpåverkan inom livsmedelssektorn (Artikel VI). 
Resultaten från studierna med konsumentperspektiv kan användas för att identi-
fiera strategier för hur konsumenterna kan bidra till minskad miljöpåverkan i de 
båda fallsektorerna. För jordbrukssektorns del kan konsumenterna bidra till min-
skad miljöpåverkan framför allt genom en minskad konsumtion av animalier. När 
det gäller energisektorn är minskad energianvändning en viktig strategi, liksom att 
fortsatt sträva efter att ersätta fossila bränslen och uran med förnybara bränslen.
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Abstract

National sector responsibility legislation places specific obligations on Swedish sec-
tor authorities to handle environmental issues within their sector. Because of this 
responsibility, there is a need to map environmental impacts from sectors and to 
identify key problems and strategies to reduce impacts in each sector. Agriculture 
and energy are two sectors causing severe environmental impacts, and these are 
therefore interesting as case studies. 

Employing a systems perspective when exploring impacts and options for 
their reduction ensures that problems are not simply shifted in time or space or 
between problems, but are considered in a holistic manner. Using this perspec-
tive, indirect effects such as changes upstream or downstream of the production 
chain, as well as among consumers, can be considered when seeking strategies to 
reduce environmental impacts in a sector.

A method to investigate environmental impacts from a sector was developed 
and tested in the cases of agriculture and energy (Papers I and II). The method 
was based on environmentally extended Input-Output Analysis (IOA) and Life 
Cycle Assessment (LCA). IOA-data from Swedish Environmental Accounts were 
used as the starting point for the inventory. Such data provide information on 
direct and indirect impacts from the sector. To capture those aspects not included 
in the Environmental Accounts, the Swedish Environmental Quality Objectives 
were subsequently used as a checklist, and information on the missing aspects was 
obtained from literature. For further processing of the data, characterisation and 
weighting methods from LCA methodology were used to identify hotspots, i.e. 
the most important problems.

The results showed that biodiversity, greenhouse effect, eutrophication, use of 
non-renewable resources and toxicity were potential hotspots in the agriculture 
sector. In the energy sector, the hotspots were air quality, greenhouse effect, use 
of non-renewable resources and toxicity.

Analysis of sector policies (Paper III) showed that both sectors are focusing 
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on some of the hotspots identified, but other important problems are not recei-
ving sufficient attention. In the agriculture sector, the focus is principally on bio-
diversity and toxicity, while the energy sector mainly focuses on issues of climate 
change and non-renewable resources.

A second hybrid IOA-LCA method (Energy Analysis Programme, EAP) 
was employed to study direct and indirect use of energy carriers in households 
(Papers IV and V). Through a combination of IOA and process data, the energy 
intensity (energy per monetary unit, e.g. MJ/SEK) of a large number of goods 
and services was calculated. When combined with information on household 
expenditure, these data provided information on total household use of fuels and 
electricity and provided insights into spending patterns that could result in lower 
energy intensity. A final study investigated the significance of reducing food losses 
as a strategy to reduce environmental impacts from the food sector (Paper VI). 
The results from the studies with a consumer perspective were used to identify 
how consumers can contribute to reducing environmental impacts in the two 
sectors investigated. For agriculture, consumers can help reduce impacts through 
reduced consumption of animal products, while for energy, reduced energy use 
in households is important, as is further substitution of fossil fuels. 
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Preface

This thesis journey started almost a decade ago, when I was travelling around dif-
ferent countries for some months. It was quite a low budget trip, and often we 
slept in our car on isolated camp sites or rest areas, close to nature. I gradually be-
came aware that if I were left there alone, cut off from all facilities I used to use, I 
would probably not survive long since I did not know much of the environment 
around me. Where would I best look for food – which species are poisonous or 
edible? Could I find drinkable water? Shelter – where would be best to settle, 
which parts of the environment and which materials would best protect from 
heat and cold? Which wild animals would I suspect to occur in the neighbour-
hood? Put simply, I became aware of the fact that I lacked the knowledge which 
was essential for the survival of previous generations.

Arriving home after the journey I started my studies at Stockholm University, 
taking courses in biology, physical geography and environmental science. At the 
end of these studies my interest in the ecology of nature still persisted, but I had 
also become increasingly fascinated by how the way we live affects nature, and 
how I could live in a more environmentally friendly way. For my Master’s thesis, 
I had the opportunity to study food losses and the importance of reducing these 
as a strategy for reduced environmental impacts. Annika Carlsson-Kanyama was 
my supervisor, and after finishing the thesis, Annika gave me the opportunity to 
continue as a research assistant in an EU project with the acronym ToolSust (The 
involvement of stakeholders to develop and implement tools for sustainable house-
holds in the city of tomorrow). There I came in contact with methods commonly 
used for assessing environmental impacts from production and consumption, and 
for analysing strategies for a future more environmentally friendly society. I also 
discovered that I enjoyed being engaged in research, so when Göran Finnveden 
offered me the possibility to continue as a PhD student, I happily accepted it.

But then my focus of interest shifted somewhat again. Having previously been 
mostly engaged in the role of the consumers in reducing environmental impacts, 
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the project I now became involved in had more focus on the role of organisa-
tions. I was introduced to concepts of environmental policy integration, learning 
and institutions. My main task was to develop and test a method for environ-
mental assessment of a sector. Other challenges included learning how to work 
in an interdisciplinary research project, understanding the language of the social 
scientists from SEI and the Department of Political Science at Umeå University, 
and relating their concepts to the methods and the language I used. 

So what have I learned during those years? Obviously a lot, both about myself 
and about the world around me. I still do not know how long I would survive 
by myself in nature, cut off from civilised society, although I would be somewhat 
better equipped for the task today than I was ten years ago. Yet, this thesis covers 
two things of most vital importance for our survival – food and energy. Maybe a 
more realistic prospect than ending up alone, cut off from civilisation and forced 
to survive on my own, is a prospect where we in our society suddenly realise that 
we have severely and irretrievably destroyed most prerequisites for future survival. 
When I go to a supermarket today and stand before a shelf full of different prod-
ucts, I understand that the choices I make have consequences for the natural en-
vironment. I also understand that my choice matters. One of my friends, who is 
not particularly involved in environmental issues, although reasonably interested, 
said a while ago: “It seems that the future looks so dark. There’s nothing we can 
do about the global warming, there will only be more and more natural disas-
ters that we cannot protect ourselves from, people living on islands will have to 
leave their countries because they will be flooded, while other parts of the world 
will become deserts. In Sweden we will not even have snow in the winter.” And 
I started wondering why I did not myself have such a dark view of the future, 
although I knew he might very well be right. The answer I arrived at is that it 
is because I do not work with doomsday scenarios, but with solutions. I know 
that it would be possible to lead a good life with substantially less environmental 
impact than is common today. I am not sure exactly how to arrive to the point 
where we live in such a society, but at least I can try to make my own lifestyle 
more and more sustainable, and maybe also influence people around me to some 
extent. And for the rest – well, I am sure I will never run out of challenging re-
search questions …
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1 Introduction

1.1 Research background
The research in this thesis belongs to the area of environmental systems analy-
sis. Systems analysis is an approach used in many disciplines (see e.g. Olsson and 
Sjöstedt, 2004), and environmental systems analysis is the application of a systems 
perspective to analyse environmental issues. A look at websites for academic de-
partments, research groups and courses associated with the field of environmental 
systems analysis gives a hint of how the concept is used in practice. While some 
refer to pure studies of ecological systems, most definitions refer to human activi-
ties and their impact on the environment as the study object. This is shown in an 
example from Wageningen University (2006):

Systems analysis is a quantitative and multidisciplinary research field aimed 
at combining, interpreting and communicating knowledge from natural and 
social sciences, and technology. Environmental systems analysis is the applica-
tion of systems analysis in the environmental field to describe and analyse the 
causes, mechanisms, effects of, and potential solution for specific environmen-
tal problems. 

Often the field is defined through the methods used, as in this example from 
University of Surrey (2006):

Environmental Systems Analysis uses methodologies and approaches such as life 
cycle assessment (LCA), industrial ecology, clean technology, supply chain analysis, 
corporate sustainability and multiple criteria decision making. The characteristic 
of these approaches is that they all consider extended system boundaries with 
complete supply chains, rather than single processes or operations, and so pro-
vide a full picture of the human interactions with the environment.

Often the studies are described as multidisciplinary, and they result in proposals 
for environmental policies and serve as a basis for decision support, as in an ex-
ample from KTH (2006):

Studies in environmental system analysis comprise the interaction between 
technical, economic, social and ecological systems, along with development and 
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use of methods and approaches for environmental assessment of human activi-
ties, processes and products. This all aims at understanding how various systems 
are functioning, and how they are affecting their respective environments. The 
results may then be used for decision-making and planning for sustainability at 
the respective levels of society, of an organisation and/or of the individual. 

Thus within environmental systems analysis, research focuses on human activities 
and their impact on the environment through studies of the interactions between 
technical, economic, social and ecological systems, with the help of different tools 
for environmental assessment. Within the field of environmental systems analysis, 
this thesis deals with the agriculture and energy sectors. The following section 
describes the aim of the thesis and the research questions analysed.

1.2 Aim
The main aims of this thesis was to investigate environmental impacts from pro-
duction and consumption of food and energy carriers in Sweden, and to explore 
strategies to reduce the impacts. Under these two themes, a range of questions 
were explored: 

• What are the quantifiable and non-quantifiable environmental impacts of 
the agriculture and energy sectors from a systems perspective? 

• What are the potential hotspots, i.e. the most important environmental im-
pacts of each sector?

• What strategies could be employed to reduce impacts?

• What are the implications for policymaking? 

As a systems perspective was employed, also actors besides the farmers and the 
producers of energy carriers were included in the investigation. Concerning strat-
egies for reduced impacts, the thesis took a special interest in how the consumers 
could contribute to reduced environmental impacts from the sectors. 

In addition to the main aims, an intermediate goal was to test and evalu-
ate some chosen methods that can be used to investigate environmental impacts 
from a sector. As regards this part the thesis focused on what can be found out 
with the help of the chosen tools of environmental systems analysis - what in-
formation can be obtained from them and how can this information be used? 
Thus, the primary aim was not to deal with details of how the tools work and 
how they can be improved.
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1.3 The Papers
The thesis builds on six studies presented in Papers I-VI, showing different aspects 
of the area studied. Paper I, Environmental assessment of Swedish agriculture; Paper 
II, Environmental impact from a sector: Production and consumption of energy carriers in 
Sweden; and Paper III Characteristics and policy attention of environmental issues in two 
Swedish sectors - agriculture and energy are based on studies within the project ‘Policy 
Integration for Sustainability’ which focuses on environmental policy integration 
in sectors. Paper IV, Indirect and direct energy requirements of city households in Sweden: 
Options for reduction, lessons from modelling; and Paper V, Pursuing more sustainable con-
sumption by analyzing household metabolism in European countries and cities, are based on 
studies within the ToolSust project, focusing on sustainable households in cities. 
Paper VI, Food losses in food service institutions. Examples from Sweden, focuses on the 
potential for reduced resource use in the food sector by examining the specific 
case of food losses. 

The six papers relate to the aims of thethesis in the following ways. In Papers 
I and II comprehensive pictures of environmental impacts from the two sectors 
are shown, and the hotspots (the most important impacts) for each sector are 
identified. All the papers discuss strategies for reduced impacts, but the issue re-
ceive special attention in Papers IV, V and VI, focusing on consumption changes 
via changed composition of annual household expenditure (Papers IV and V) and 
increased resource efficiency (Paper VI). Knowledge of impacts and strategies to 
reduce these provide important input to policymaking in the sectors. In Paper III 
the issue of policymaking is further discussed, and findings from papers I and II 
are compared with which issues are on the policy agenda in the two sectors.

1.4 Outline
Section 2 of this thesis provides a background to the issues investigated. To sketch 
out the setting of the studies, the concept of Environmental Policy Integration 
(EPI) is first introduced. After that follows a clarification of how a sector can be 
defined from a systems perspective, and an account of the characteristics and the 
importance of the case sectors, agriculture and energy. Section 3 describes the 
methodology used in the studies, with a general description of the tools used and 
a more detailed description of how these tools were employed in the different 
studies. Results are shown and discussed in Section 4, while Section 5 provides a 
comprehensive discussion and conclusions.
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2 Background

2.1 Environmental Policy Integration (EPI)
Environmental Policy Integration (EPI) can in short be explained as integration 
of environmental aspects into all policy-making, in contrast to handling the en-
vironment as a separate issue. Nilsson and Persson (2003) provide a background 
to the EPI concept. Among key documents promoting EPI on the international 
arena these authors mention the Bruntland Report and Agenda 21. In the EU, EPI 
has been a central theme, manifested for example in the Cardiff Process, where it 
was decided that Council Sectoral configurations should integrate environment 
and sustainable development into their respective policy areas (ibid). 

Examples of EPI measures in Swedish central government are the sector re-
sponsibility principle, the national environmental quality objectives and the im-
plementation of environmental management systems for governmental agencies 
(Nilsson and Persson, 2003). Sixteen national environmental quality objectives 
have been adopted by Parliament to act as a framework for Swedish environmental 
policy (see Table 1). The Swedish EPA (2000) discusses goals and sectors and states 
that integration and sector responsibility are the government’s most important 
strategies for controlling progress towards the objectives. The concepts are also 
further clarified in the same publication (p. 13):

Integration implies that environmental considerations should be incorporated into 
all activities of significance for environmental problems. In other words, envi-
ronmental problems should be attacked at source in activities which give rise 
to environmental problems. Sectoral responsibility implies that the responsibility 
for the environment lies not only with the Swedish EPA and the environmental 
divisions at the county boards, but with all sectors of society.

In 1988, the Swedish Parliament decided that each societal sector should be re-
sponsible for dealing with environmental impacts arising from the activities within 
their sector, and in 1998 the Swedish government appointed 24 public authorities 
to be responsible for ecological sustainability in their sector (Swedish EPA, 2000). 
For example, the Swedish Board of Agriculture has the responsibility for the ag-
riculture sector, while the Swedish Energy Agency has the responsibility for the 
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energy sector. The responsibility includes identifying the role of the sector and 
how the activities in the sector influence ecologically sustainable development, 
setting out goals for the sector and encouraging the attainment of these goals 
(ibid). The environmental quality objectives were intended to provide a basis for 
different policy sectors to develop their own environmental objectives.

Table 1. The Swedish Environmental Quality Objectives (Government Bill, 2005)

• Reduced Climate Impact
• Clean Air
• Natural Acidification Only
• A Non-Toxic Environment
• A Protective Ozone Layer
• A Safe Radiation Environment
• Zero Eutrophication
• Flourishing Lakes and Streams
• Good-Quality Groundwater
• A Balanced Marine Environment, Flourishing  

Costal Areas and Archipelagos
• Thriving Wetlands
• Sustainable Forests
• A Varied Agricultural Landscape
• A Magnificent Mountain Landscape
• A Good Built Environment
• A Rich Diversity of Plant and Animal Life

Because of sector responsibility, the sector authorities are given a substantial re-
sponsibility for environmental issues, resulting in a need to define environmental 
impacts from each sector – the sector’s performance in relation to the environ-
mental quality objectives, the actors and activities that make up the most severe 
impact and how the impact could be reduced. This is why a sector is an interesting 
study object, and why there is a need for methods to investigate environmental 
impacts from a sector.

2.2 A sector from a systems perspective
The Swedish EPA (2000) discusses how a sector can be defined. Three definitions 
are mentioned: A sector can be a collection of actors that cooperate regularly; a 
collection of activities; or a statistically defined section of the society. Among the 
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sectors appointed with sector responsibility can be found examples from each 
category. The agriculture and energy sectors both exist as statistically defined sec-
tors in the National Accounts, in contrast to e.g. the defence sector, which can 
rather be characterised as a collection of activities. However, this thesis employs a 
systems perspective, which has implications for the definition of a sector.  

A first implication is that upstream and downstream effects from sector activi-
ties are considered. Upstream effects include production of all inputs needed, both 
those produced domestically and those produced in other countries and imported 
for use in the sector. Downstream effects arise when products from a sector are 
further processed, consumed and discarded, either within the country or abroad 
if the products are exported. Environmental impacts occurring in other coun-
tries as a result of sector activities in Sweden should consequently be considered. 
Upstream and downstream effects are also referred to as indirect effects, in con-
trast to direct effects which occur within the sector in a more narrow sense (for 
example the farms in the agriculture sector). 

As a consequence of the inclusion of upstream and downstream effects, poli-
cies directed at sector actors should be analysed regarding their total effects, not 
only the direct effects. A systems perspective should ensure that impacts are genu-
inely reduced and not merely transferred so that reduced impacts within a sector 
lead to increased impacts in another sector, or another country. Similarly, policies 
for change in the sector need not be directed only at the actors within the sector 
in a narrow sense. Changes upstream or downstream in the production chain in 
many cases influence activities in the sector and measures affecting these actors 
could therefore also be considered to produce desirable changes.

In line with the previous reasoning, a systems view implies that reduced emis-
sions of one kind should not lead to increased impacts of another kind. When 
considering changes in sector activities, subsequent impacts from the new mode 
of operating should be considered so that impacts are not merely shifted from 
one problem to another.

2.3 Food
Table 2 shows some characteristics of Swedish agriculture compared to EU-15. 
The Swedish agriculture sector produces both animal and vegetable products: 
meat production is dominated by pork and beef, but among animal products dairy 
products are also important; vegetable products are dominated by wheat, barley 
and oats, used both for human consumption and as animal feed (Statistics Sweden 
and LRF, 2001). Swedish farms have a high degree of specialisation: in 1999, 62% 
of farms specialised in animal production, 28% in crop production, and only 10% 
were mixed (based on number of farms) (Statistics Sweden, 2001a). Compared to 
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EU-15, Sweden has a slightly lower proportion of the population employed in 
agriculture, and a substantially lower proportion of total area is used for agricul-
tural purposes. Although Sweden has a degree of self-sufficiency, close to 100% 
for most animal products (numbers for 1998 in Statistics Sweden, 2001a), almost 
80% of manufactured feed for Swedish animals was dependent on imports in 1999 
(Deutsch and Björklund, 2004). Soybean cake was the single largest important 
component in animal feed in the same year, and a major proportion of this came 
from Brazil (ibid). According to Mattsson et al. (2000), the import of soy meal to 
the Swedish feed industry increased fourfold during the 1990s, partly replacing 
domestic rapeseed meal. Sweden also exports food products, the largest export 
groups (in value) being grain (mostly oats exported to the US), bread and pas-
tries, and spirits (mostly vodka) (Swedish Board of Agriculture, 2003). Statistics for 
1999 are shown in order for the characteristics to correlate with the time period 
covered in Papers I and II. During the years from 1999 until now, slaughtering of 
cattle and pigs has shown a decreasing trend.

Table 2. Some characteristics of Swedish agriculture  
compared to EU-15 (data for 1999)

      Sweden  EU-15

Employment in agriculture, %   3  5
Agricultural area, % of total area  7  42
Arable land, % of total agricultural area  88  64
Pasture land, % of total agricultural area 12  36
Harvested cereals, kg/capita   557  544
Harvested vegetables, kg/capita  28  140
Dairy products, kg/capita   373  314
Meat (slaughterings), kg/capita  53  72

From.Paper.I,.data.from.Eurostat.databases.(Eurostat,.2005)

Several studies have identified food as one of the most polluting and resource-
demanding activities in which we engage. According to Palm et al. (2006), food 
products rank among the five most resource-demanding and polluting product 
groups in Sweden. Similar results have been found in Denmark (Hansen, 1995) 
and in the US (Suh and Huppes, 2000). 

Environmental impacts from agriculture and the food chain have been in-
vestigated in many different ways. Agriculture has been the target of studies on 
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emissions and resource use on farm level (e.g. Girardin et al., 2000), regional level 
(e.g. Granstedt, 2000) and global level (e.g. Gregory and Ingram, 2000; Wirsenius, 
2003). Different types of agriculture have been compared, such as conventional 
versus organic farming (e.g. Cederberg and Mattsson, 2000) and different kinds of 
crops (e.g. Kramer et al., 1999). Some of these studies include not only agricul-
ture, but also impacts caused by the products purchased in agriculture (upstream 
effects, e.g. Cederberg and Mattsson, 2000; Kramer et al., 1999; Pluimers et al., 
2000). Downstream effects, such as when meat is processed to hotdogs, transported, 
refrigerated and heated up at home, are seldom included in this type of study. 

The studies referred to all provide diverse and useful information related to 
food and the environment, but none of them takes a comprehensive view and 
gives a full picture of the whole agriculture sector, mapping actors and impacts, 
and ranking them in relation to each other. Moreover, since goal and scope and 
system boundaries differ in the studies of different products, these are difficult to 
use for comparisons between products or for adding up impacts for a group of 
products. Thus, although a lot of details are known, it is difficult to get environ-
mental information on the macro level.

2.4 Energy
Table 3 shows some characteristics of the Swedish energy sector compared to 
EU-15. Sweden uses relatively large amounts of wood and wood wastes. Energy 
carriers of Swedish origin consist mainly of biofuels and hydropower. The bio-
fuels principally consist of residues from production of timber, pulp and paper 
(wood wastes), which includes felling residues and residues produced later in the 
process (Statistics Sweden and LRF, 2001). In 1997, only 0.5% of total bioenergy 
production came from agriculture (ibid). Imported fuels consist mainly of crude 
oil (Statistics Sweden, 2001b). Most of the imported oil products in 1999 came 
from the North Sea (Swedish Energy Agency, 2001), which has also been the case 
in the years since then (Swedish Energy Agency, 2004). A more detailed study 
of the Swedish use of energy carriers shows that the single largest energy carrier 
used in Swedish households in 1999 was electricity, followed by district heat, oil 
products and wood fuels (Statistics Sweden, 2001b). Among the energy carriers 
used in Swedish industries in the same year electricity and biofuels scored al-
most equal, followed by oil products, coke and coal (ibid). Swedish electricity was 
produced mainly from hydropower and nuclear, while district heat came mainly 
from wood fuels and waste (ibid). For the indicators discussed in this section, no 
dramatic changes can be seen during the years from 1999 until now.
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Table 3. Some characteristics of production and consumption of energy carriers 
in Sweden compared to EU-15 (data for 1999) 

PJ/capita     Sweden  EU-15

Primary production    157  86
Gross inland consumption   241  161
Final fuel consumption - Industry  62  29

Solid fuels     5  4
Oil products     9  5
Wood and wood wastes    21  1

Final fuel consumption - Households  36  27
Solid fuels     0  1
Oil products     5  6
Wood and wood wastes    4  2

From.Paper.II,.data.from.Eurostat.databases.(Eurostat,.2006)

Production and use of energy carriers are closely linked to many of the key sus-
tainability challenges of today, and solutions are urgently needed. Environmental 
impacts from production and consumption of energy carriers have been the focus 
of many studies, including some of interest for Swedish circumstances. Silveira 
(2001) provided experiences from Swedish energy systems, presenting several dif-
ferent perspectives. Börjesson (1999) and Eriksson et al. (2006) compared impacts 
from different fuels, and numerous other studies could also be mentioned. All of 
these assessments are useful for identifying options for future changes towards re-
duced environmental impact. However, just as for the agriculture sector, they do 
not provide a picture of the total sector so that impacts and actors can be com-
pared in a comprehensive assessment.
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� Methodology

3.1 The toolbox 
Within the area of environmental systems analysis, a range of different tools have 
been developed and applied for purposes. Overviews of different environmental 
systems analysis tools have tried to link demand for environmental information 
with supply by means of different tools, for example Finnveden and Moberg (2005) 
and Wrisberg et al. (2002). The main study object in this thesis is a sector1. Several 
of the studies included in the thesis employed Input-Output Analysis (IOA) and 
Life Cycle Assessment (LCA) in different combinations (Papers I, II, IV and V). 
Both Finnveden and Moberg (2005) and Wrisberg et al. (2002) mention IOA as 
appropriate for studying a nation or region. As information in IOA is divided by 
each sector of a given national economy in terms of its relationships to the cor-
responding levels of activities in all the other sectors (Wrisberg et al., 2002 p. 65), 
it is also applicable for analysis of a sector. A short background to IOA and LCA 
is given below, while descriptions of how the methods are actually used in the 
studies follows in sections 3.2 and 3.3.

However, as Finnveden and Moberg (2005) conclude, different tools answer 
different questions. IOA and LCA alone do not cover all the relevant aspects that 
this thesis aims to consider. A complement is given in Paper VI, a study of food 
losses. That study deviates from the others in that it includes direct measurements, 
but it still employs the same systems view when elaborating on the potential en-
vironmental consequences. The method is further described in section 3.4.

3.1.1.Input-Output.Analysis.(IOA)
IOA is a method describing trade between sectors in the economy. It was devel-
oped in the early 20th Century by the Russian scientist Wassily Leontief, who was 
later awarded a Nobel Prize for his research. Leontief ’s work has been described 
for example by Carter and Petri (1989), who write about his early career that:

1.  The actual study object in Papers IV and V is a household, although in the thesis these  
results are employed to discuss strategies for reduced impacts from a sector.
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Leontief was particularly concerned with the statistical treatment of products 
such as iron ore that reach the consumer not in original form but as “com-
ponents” of other products such as buildings or locomotives. In this inauspi-
cious context Leontief began to develop new ways of looking at sectoral inter-
dependence (…)

Originally IOA was developed to describe monetary flows between sectors in 
a nation or a region, but later the matrices have also been applied to include 
environmental impacts. 

The environmentally extended IOA focuses on the environmental pressures 
the production causes in terms of resource use, emissions to air and water and 
use of chemicals, either by adding emission coefficients to the monetary IOAs or 
by replacing the monetary input-output matrices with matrices based on physi-
cal flows. The former is the type most often used and discussed and provides in-
formation on resource use and emissions per monetary unit for each sub-sector, 
for example carbon dioxide per SEK. Recent examples of applications of the 
method include analysis of direct and indirect environmental impacts from an 
airport (Lenzen et al., 2003), from city households (Lenzen et al., 2004) and from 
a product (Joshi, 2000). 

IOA is a well-established tool implemented in national and environmental 
accounts in many countries. Substantial amounts of work have been devoted to 
the development of IOA and many publications could be referred to. However, 
the focus in this thesis is not on IOA as such, but rather on how the data from 
IOA that are now available in many countries can be used for different purposes. 
Therefore only some pros and cons with the method that are relevant for this 
thesis are described in a comprehensive way.

An advantage of environmentally extended IOA as a tool for environmental 
systems analysis is that in countries where such accounting systems are applied, a 
lot of data are collected and stored, and available for further analysis. This means 
that use of this tool can demand comparatively little time and resources for data 
collection. Another benefit is that the limit of the total production system is set. 
This means, for example, that when investigating use of energy carriers, it is known 
that the total use of energy carriers within the system is correct. 

However, there are also disadvantages with the method. First, data come 
in rather aggregated form, which means that IOA is a somewhat blunt tool. 
Depending on the study object and the level of aggregation and division of sub-
sectors in a country, the results are more or less reliable. If a certain type of in-
dustry dominates the sector in terms of production, the environmental impacts 
from the sector are also dominated by the specific impacts from the dominant 
industry. For example, if the chemical industry sector in a country is dominated 
by the pharmaceutical industry, the special kind of emissions associated with this 
production will be characteristic for the sector. In such case the sector might not 
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give an accurate picture if fertiliser production, which also belongs to the chemi-
cal industry sector, is the focus of interest for a study.

Another problem arises when assessing resource use and emissions in other 
countries as a result of imports and exports. The most common approach is to 
calculate these impacts as if the production had occurred in the country to which 
the products are imported to or exported from (i.e. an ‘as if in Sweden approach’ 
for studies concerning Sweden). Estimates have shown that for Sweden, this most 
likely underestimates the emissions in other countries for some pollutants and 
overestimates the emissions for others (Statistics Sweden, 2002b). The ideal situ-
ation would be to use IOA data from the actual country in question, but so far, 
this has been too complex to assess. There have been attempts to use average val-
ues. Battjes et al. (1998) compared the use of national data for calculating impacts 
from import and export, by using averages for European OECD countries. They 
found that the benefits obtained from using average values differ depending on 
how much the production structure and the energy mix used in a selected coun-
try diverge from the average.

A third problem worth mentioning is that investments and capital goods are 
not included in the accounts. Casler and Wilbur (1984) assessed the consequences 
of this, and found that in calculations regarding use of energy carriers, this can 
result in underestimates of around 15%. 

3.1.2.Life.Cycle.Assessment.(LCA)
LCA is a tool to assess the environmental impacts and resources used throughout a 
product’s life from raw material acquisition through production, use and disposal. 
The term ‘product’ can include not only product systems but also service systems. 
The assessment is standardised in an ISO-series, and a guide to the standards has 
been developed (Guinée et al., 2002). The method consists of four phases: goal 
and scope definition; inventory analysis; impact assessment; and interpretation of 
the results. The goal and scope definition includes definition of the functional 
unit and a description of the product system, while in the inventory phase data 
are collected in line with the goal and scope set. In the impact assessment phase, 
impact categories, category indicators and characterisation models are selected, and 
methods of classification and characterisation are applied to the inventory results. 
An optional element in impact assessment is to employ methods of normalisation, 
grouping and weighting in order to identify the most important environmental 
impacts. Weighting methods build on different perceptions of which problems 
are the most severe. Different methods may give different results, since different 
types of values and different types of scientific data and models are employed. 
Furthermore, there may be different types of data gaps, as not all methods cover 
all relevant impact categories. Finnveden et al. (2002a) concluded that there is no 
single weighting method that fulfils all criteria that could be expected.
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Full LCA studies have in many cases been found to be very demanding in terms 
of both time and resources. Therefore a variety of simplified methods have been 
developed (see for example Hochschorner and Finnveden, 2003). Computer-
based tools have also been developed in order to reduce the workload, such as 
SimaPro (Goedkoop and Oele, 2001), which was used for some of the studies 
included in this thesis (Papers I and II). The software programmes often include 
databases with inventory data for different kinds of processes. Some of these data-
bases include data from IOA. 

Another aspect of the LCA method is that it is not possible in practice to 
follow every process of each input in the study object. All materials needed for 
the production need inputs to be produced, and these secondary inputs also need 
inputs to be produced, and so forth. Each study object in principle gives rise to 
an infinite tree structure. Thus truncation is needed, which leads to errors in the 
results, since not all processes are included. To reduce this problem it has been 
suggested that IOA data, which cover the total production system, could be used 
to deal with processes not investigated through process analysis in the LCA (see 
e.g. Guinée et al., 2002; Joshi, 2000; Wilting, 1996).

3.1.3.Hybrid.IOA-LCA.methods
In this thesis, no regular LCA is performed but the framework of LCA is employed 
to further handle and interpret the IOA data. This means that the methodology 
could be described as a kind of hybrid IOA-LCA method. Such hybrids have pre-
viously been tested and discussed by e.g. Joshi (2000) and Suh and Huppes (2005). 
Different combinations of the tools have been found to have different pros and 
cons. They can combine the accessibility of the IOA data with the circumstan-
tiality of LCA, to make studies more detailed than IOA but less laborious than 
LCA. However, the risk of overlaps and double-counting has to be considered 
(Suh and Huppes, 2005).

3.2 Sector analyses (Papers I and II)
The methodology for sector analyses serves to make a comprehensive assessment 
of environmental impacts from a sector. A LCA framework is used, including in-
ventory of data, characterisation and weighting. Figure 1 shows schematically the 
procedure employed.

Among the steps shown in Figure 1, this thesis is less concerned with the 
IOA as such, and more with the later stages. IOA calculations were obtained from 
Statistics Sweden. All stages in Figure 1 are further described below but before 
that, the goal and scope of the sector analyses is defined.
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3.2.1.Goal.and.scope
The functional unit of the sector analyses was one year’s production from the 
sector, and the analysis included both direct and indirect effects from this produc-
tion. The agriculture sector study started with the total production of agricultural 
goods in Sweden in 1999 and embraced the inputs needed for this production, 
both in Sweden and in other countries, and impacts from the production of these. 
Furthermore, it covered transport, processing, sales, consumption and waste hand-
ling associated with products from Swedish farms. The energy sector assessment 
used a slightly different definition. In the case of energy carriers, much of the 
potential impact arises in the consumption phase and therefore it is relevant to 
follow impacts not only from the energy carriers produced in Sweden, but also 
from all that are consumed in Sweden. The analysis started with the total pro-
duction of energy carriers in Sweden in 2000. It then covered all kinds of input 
needed for this production, both in Sweden and in other countries, and impacts 
from the production of these. However, it covered not only transport, process-
ing, sales, consumption and waste handling associated with heat and power from 
Swedish plants, but all use of energy carriers in Sweden. According to the defini-
tion used in the study, the energy sector did not comprise the transport sector and 
thus only transport needed for production and use of energy carriers for heating 
and process purposes was included.

Concerning impacts, the aim was to evaluate all relevant impacts from the 
sector. To identify aspects that were relevant, the environmental quality objectives 
were employed as a checklist. Table 1 shows the 16 environmental quality ob-

Figure 1. Diagram of the sector analysis method, showing the steps following 
goal and scope definition. NEQOs = National Environmental Quality Objectives.
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jectives for Sweden. Each of these objectives includes a range of interim targets 
focusing on different parts of the objective (Environmental Objectives Council, 
2006). These interim targets could be employed to find out which aspects were 
relevant for the sectors.

3.2.2.Inventory
Inventory data came mainly from IOA, but were complemented with other data, 
from LCAs or from other sources. For the sector analyses, the following data from 
the Environmental Accounts were used:

•  Use of 20 fuels

•  Electricity and district heating

•  Emissions to air of ammonia, carbon dioxide, carbon oxide, methane, ni-
trogen oxides, nitrous oxide, non-methane volatile organic compounds and 
sulphur dioxide, classified by industrial origins and for stationary sources, 
mobile sources and certain industrial processes

•  Use of chemicals and chemical products (including agrochemicals) labelled 
with certain risk phrases as described in Palm and Jonsson (2001)

•  Emissions to water of biological and chemical oxygen demand, nitrogen, 
phosphates, cadmium, chromium, copper, lead, mercury, nickel and zinc. 

All environmental data used in our analyses of the agriculture and energy sectors 
were for 1999 except emissions to water, which were for 2000. All these data 
are collected regularly within the framework of the Environmental Accounts by 
Statistics Sweden. The calculations are further described in Papers I and II.

As the IOA did not cover all of the relevant aspects for the sectors, the analysis 
was complemented with data from other sources. These sources included research 
reports, government reports and other official sources. For some aspects these ad-
ditional data could be incorporated into the IOA-LCA framework, but in other 
cases information could not be found in a way compatible with that framework 
(cf. the broken line in Figure 1). In these cases the information was discussed in 
the results, but could not be formally included in the impact assessment.

In order to facilitate data handling, characterisation and interpreting in the 
sector analyses, the software programme Sima Pro 5.0 (Goedkoop and Oele, 
2001) was used. 

3.2.3.Impact.assessment
As part of the further interpretation of the results, life cycle impact assessment 
methodologies were used. In the first step, resources and emissions were aggregated 
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into impact categories. The CML baseline characterisation methods (Guinée et 
al., 2002) were used as included in the SimaPro 5.0 with the exception of non-
renewable resources, where the thermodynamic approach developed by Finnveden 
and Östlund (1997) was used. The additional impact categories used were global 
warming, human toxicity, freshwater toxicity, marine water toxicity, terrestrial 
toxicity, eutrophication, acidification and photochemical oxidation.

In the next step, different weighting methods were used: Ecotax 2002 
(Finnveden et al., 2006), Ecoindicator 99 (Goedkoop and Spriensma, 2000) and 
EPS 2000 (Steen, 1999), the latter two as implemented in the SimaPro software. 
In the Ecotax method, the impact categories used for the characterisation are 
further aggregated using weighting factors derived from Swedish ecotaxes as a 
measure of how Swedish society values different impacts. The Ecotax method 
has two versions, where the lowest values (the min-version) or the highest (the 
max-version) are consistently used to calculate different weighting factors for the 
same impact category (Finnveden et al., 2006). In the sector analyses, the max-
version, which gives relatively high weight to resource use, was employed. The 
Ecoindicator method employs damage models that link the data on emissions and 
resource use to three different damage categories; human health, ecosystem qual-
ity and resources. These are weighted using an expert panel approach. In the EPS 
system, environmental impacts are evaluated via their impacts on one or several 
safeguard subjects. These are weighted against each other using willingness-to-pay 
measures. Since these weighting methods are partly based on other characterisa-
tion methods, in practice several different characterisation methods (for exam-
ple for abiotic resources) were used as a sensitivity analysis. The aim was not to 
evaluate the weighting methods used in relation to each other, but rather to use 
a triangulation of methods, based on different points of view, in order to decide 
on the most important impacts from the sector.

Another way to identify the environmental hotspots in the food chain was to 
employ normalisation, i.e. to set the impacts from each sector in relation to total 
impacts, from all activities, in Sweden. 

3.2.4.Interpretation
Based on the results from the weighting and normalisation, a hotspot evaluation 
was performed. The hotspots are the most important problems in a sector, and 
provide guidelines for policymakers regarding which problems are the most ur-
gent. An issue was regarded as a hotspot if it received a high weight in any of the 
weighting methods or if it contributed a large part of the total impacts in Sweden 
(based on the normalisation).

Another part of the interpretation was to discuss possibilities for reduced 
impacts from the sector. 
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3.3 Energy Analysis Programme, EAP (Papers IV and V)
While the sector analyses provide information on a range of impacts for the whole 
sector, EAP has another focus. It evaluates energy requirements for goods and 
services. Thus, it includes only one environmental aspect (energy), but can on the 
other hand provide information on differences in energy requirements between 
different products, and so provide a basis for discussing possibilities for reductions 
through consumption changes.

The EAP programme is based on a hybrid energy analysis, which is a combi-
nation of physical-chemical process analysis and economic input-output analysis 
(Wilting, 1996). The EAP results lead to evaluation of the energy requirements of 
goods and services. The programme was developed at the University of Groningen 
in the Netherlands, but was adapted to Swedish circumstances in the EU-project 

Figure 2. Flowchart of the methodology for calculating energy 
parameters of budget spending categories (from Paper V). 
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ToolSust (www.toolsust.org). EAP was used in combination with information on 
household expenditure to calculate total energy requirements for a household.

The hybrid method is schematically shown in Figure 2. A combination of 
economic input output data and energy statistics delivers data concerning the 
energy intensity of production sectors by means of input output energy analysis 
techniques (Wilting, 1996). Process analysis is used to determine the energy inten-
sity of a range of basic materials frequently used in the delivery and consumption 
of goods and services. Both datasets are used in a simplified Life Cycle Analysis 
of goods and services. The LCA results are calculated and stored in a software 
programme (Wilting et al., 1999). The energy intensity is then calculated by di-
viding the energy requirements of consumer goods and services by the monetary 
unit of the selling price. To find the total energy requirements of a household, 
the energy intensities are combined with household expenditure. Combining 
expenditure with energy requirements per expended unit generates insights into 
the relationships between household spending patterns and the effects of these, 
counted as energy consumption. 

The EAP model consists of a common database of basic data on the energy 
requirements of materials, economic sectors, forms of transport, trade and services 
and waste processing. The energy intensities are calculated using primary energy 
terms. The energy required to produce primary energy and process it into use-
ful fuels or electricity is included in the so-called ERE (Energy Requirement 
for Energy) value.

To adjust the model to Swedish circumstances, some data were replaced with 
Swedish data, while in other cases the Dutch default data were retained. This was 
the case when Swedish data could not be found, or when data between the coun-
tries were similar so that Dutch default data did not need to be changed. 

When the database was set up, EAP was used to calculate energy intensities of 
consumer items. For each analysis, different types of information were needed:

• Price information (consumer price of the product);

• Composition of the product (type and amount of basic goods and packa-
ging materials);

• Origin of the product (which manufacturer produced the product, in 
which wholesale and retail trade was it distributed, and how and how far 
was it transported); and

•  Treatment of the consumer product after use (waste processing including 
recycling).

The calculated energy intensities were subsequently used in combination with 
information on how a household spends its income. The selection of relevant 
consumer goods was based on the available household budget surveys. 
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3.4 Measurement of food losses (Paper VI)
Food losses occur throughout the food system that starts with farm production 
and ends when the food is consumed. Lowering food losses is one of the po-
tential measures for overcoming hunger (Brown University Faculty, 1990), but 
increasing the efficiency with which food is handled also reduces the ecological 
side-effects from increasingly intensive agriculture and helps reduce the demand 
for land (Bender, 1994; Scott Kantor et al., 1997; Smil, 2000; Wirsenius, 2003). 
Heller and Keoleian (2003) claim that one calorie of food saved can result in a 
seven-fold reduction in the energy use across the life cycle.

Paper VI investigated the magnitude and composition of food losses and the 
strategies employed to reduce the losses. The study covered four kitchens: two in 
schools and two in restaurants, all situated in the inner city of Stockholm. Five 
different types of losses were documented: storage losses, which occur because of 
improper storage; preparation losses, which mostly consist of seeds and peel from 
fruit and vegetables; serving losses, which are what is left in serving dishes, pans 
and bowls; leftovers, which are prepared food never served; and finally plate waste, 
which is what the diner leaves on the plate.

The results were subsequently employed to calculate potential environmental 
consequences and options for change.

3.5 Assessment of environmental issue characteristics 
(Paper III)
The aim of Paper III was to explore the link between environmental issue char-
acteristics and the level of policy attention in the agriculture and energy sectors. 
In the study, the results from Papers I and II were employed as information re-
garding the hotspot issues in the sectors. Five hypotheses were tested in the study. 
These related to the level of impact, knowledge base, attention capacity, path de-
pendency and presence in the sector of stakeholders who benefit from placing 
a specific issue on the agenda2. The full analysis is shown in Paper III, where a 
background to the hypotheses is also provided. In this thesis, the focus is on the 
following three hypotheses:

• High importance of an issue in terms of potential environmental impact 
leads to high levels of attention and issues that are not important problems 
do not receive attention. 

2. The evaluation of policy attention was made by one of the co-authors of Paper III, through a con-
tent analysis of major policy bills related to the sectors. The methodology for this part and the 
considerations involved are further accounted for in Paper III.
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• High level of knowledge of an issue leads to a high level of attention. 
Knowledge in this case includes understanding of cause and effect, as well as 
knowledge of emission sources and possibilities for reduced impact. Thus it 
is a question of knowledge both on a general level, and in the specific sector. 

• The presence inside the sector of stakeholders who benefit from placing a 
specific issue on the agenda leads to high level of attention. Stakeholders in-
side the sector might have greater possibilities for inside access to the decision-
makers in the sector, but an important factor in gaining access is that they are 
well-organised, so as to be able to present their issue in a coherent way.

The level of importance was decided based on the hotspot evaluation in Papers 
I and II. The definition of importance was thus that the problem ranked among 
the hotspots in those studies.

The assessment of knowledge level included several questions. First, how well-
known are the causes and effects related to the issue, and are observed effects in 
line with what could be predicted on the basis of current knowledge? These are 
mainly questions of knowledge on a general level, although there could also be 
sector-specific angles. They were explored using the literature, mainly overviews 
and descriptions from Sweden, but in some cases also international reviews. Second, 
what is known about possible measures to reduce impacts from the sectors? Answers 
to this question were obtained from environmental sector analyses. 

The assessment of stakeholders also stemmed from the sector analyses. The 
stakeholders sought in relation to this question were not defined as those suffer-
ing from the consequences of the problem, and who would thus benefit from a 
reduction in it. Instead, they were defined as those providing an alternative that 
did not contribute to the specific environmental problem. The stakeholders in 
each sector who benefit from having certain issues on the agenda were identified 
from the discussion of strategies for reduced impact in Papers I and II. 
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� Results

4.1 Sector analyses
The data obtained from the sector analyses were extensive, and they can be shown 
in different ways. This section focuses on the hotspot evaluation in the two sec-
tors, and with those results as a basis, some glimpses are given from the inventory 
to further clarify the results. More detailed results are provided in Papers I and II. 
The section also includes a discussion of strategies for reduced impacts from the 
sectors, based on the inventories and hotspot evaluations. The potential hotspots 
in each sector are shown in Table 4.

Table 4. Environmental hotspots in the agriculture and  
energy sectors in Sweden (x = hotspot)

    Agriculture  Energy

Acidification  
Air quality      x
Animal health  
Biodiversity   x 
Climate change  x   x
Eutrophication   x 
Resource use   x   x
Soil fertility  
Toxicity    ?   x

4.1.1.Agriculture.(Paper.I)
The IOA provided information to evaluate resource use, use of risk and hazardous 
classified chemicals, global warming, human toxicity, freshwater toxicity, marine 
water toxicity, terrestrial toxicity, eutrophication, acidification and photochemi-
cal oxidation. In addition to these, the study assessed the issues of animal health, 
biodiversity, soil quality and use of GM organisms.



Food, energy and the environment from a Swedish perspective  •  Rebecka engström, kth stockholm�0

Hotspot evaluation
With the Ecotax method, eutrophication was identified as the largest problem, and 
leakage of nitrogen from fields constituted almost all of the impact. In addition 
to eutrophication, the use of non-renewable resources also appeared as an impor-
tant issue, with use of uranium as the largest source. With EPS, human health was 
the category affected most. Carbon dioxide was the emission causing the largest 
impact, followed by nitrous oxide and methane. Depletion of the abiotic stock 
resource, principally on behalf of the use of uranium and diesel, followed as the 
second largest impact. According to Eco-indicator, the largest problem in the food 
chain was the use of fossil fuels and the emissions from their combustion, which 
cause respiratory problems. The largest impact in the respiratory inorganic category 
came from emissions of nitrogen oxides, but almost as much came from ammo-
nia emissions from handling and storage of manure. Figures with results from the 
weighting can be found in Paper I. To summarise the results from the weighting 
methods, all of them pointed to resource use as an important impact. Emissions 
from the combustion of fossil fuels were a large problem according to both Eco-
indicator and EPS. Releases of ammonia and the greenhouse gases nitrous oxide 
and methane from agriculture were also important in these two weighting meth-
ods. Ecotax differed from the other two in identifying eutrophication as the most 
important problem. Some results from the inventory concerning resource use and 
emissions of greenhouse gases and eutrophying emissions are given below. 

In the weighting, only quantifiable environmental issues could be included. 
This meant in this case that soil fertility, biodiversity, animal health and use of GM 
organisms were not included. Land use and biodiversity can be included in Eco-
indicator and EPS, but the data available were not compatible with the methods 
and covered only the domestic portion and not abroad and were therefore omit-
ted. Nevertheless, since most threatened species in Sweden are associated with 
the agricultural landscape, biodiversity was found to qualify as one of the most 
important issues for Swedish agriculture. Biodiversity in agricultural landscapes 
is further discussed below. There were important data-gaps in our analysis con-
cerning waterborne emissions and chemicals, which affected the results from the 
weighting. Since the information available was so limited, it is hard to judge the 
importance of this aspect. However, pesticides are used in agriculture with the 
explicit purpose of affecting the ecosystem, which provided a basis for also con-
sidering this as a possible hotspot candidate. The lack of knowledge of toxic as-
pects is discussed in section 4.2.

Inventory
Non-renewable resources were mainly used in the form of fossil fuels and as 
uranium for electricity production. Uranium dominated the results, making up 
three-quarters of the total use of non-renewable resources. A large proportion of 
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the uranium and fossil fuel consumed is used in power and heat production and 
the electricity and heat produced are used by other actors. The largest domestic 
users of both district heating and electricity associated with food purposes were 
private households, while the food industry also used a lot of electricity. Around 
a third of the resource use occurred in other countries as a result of imports and 
exports. Fossil fuels were also used in the sector in mobile sources (including 
tractors and other tools used in agricultural production, as well as other kinds 
of transport) and for heating purposes. About half the fuels were used in mobile 
sources and half for heating. The use of phosphorus in fertilisers showed up as 
only a very small proportion of the resource use in the analysis.

Concerning climate change, the analysis showed that almost one-fifth of all 
greenhouse gases emitted from Swedish sources stemmed from the agricultural 
sector. In addition, almost the same amount was emitted in other countries, because 
of production of goods imported for use on Swedish farms and export of products 
from the sector. Carbon dioxide constituted around half of the emitted substances, 
mostly ascribed to imports. The rest consisted of nitrous oxide from processes in 
agricultural soils and from production of fertilisers and methane released from 
digestive processes in ruminants. Emissions of greenhouse gases from use of fos-
sil fuels in mobile sources were not significant compared to other sources in the 
sector. About 10% of the carbon dioxide emissions came from households. These 
emissions arose mainly because of petrol used in cars when driving to shops to 
buy food, and fossil fuel used to get hot water associated with food preparation.

Eutrophication in the agriculture sector was mainly caused through leakage 
of nitrogen and phosphorus from fields. These emissions contributed almost half 
of the eutrophication from Swedish sources. Eutrophication from the sector was 
also caused through sewage treatment, but such pollution did not show up as sig-
nificant compared to nutrient leakage from agriculture. 

Biodiversity has many associations with the agricultural landscape. In Sweden, 
more than half the threatened species of mammals, birds and several large groups 
of insects, and almost 90% of the threatened vascular plants are associated with the 
agricultural landscape (Statistics Sweden and LRF, 2001). Most of these are threat-
ened because their habitats, such as meadows, pastureland, hedgerows and wetlands, 
have diminished. Eight percent of Swedish arable land, principally meadows and 
pastureland, was registered for environmental support for biodiversity in 2000 
(Statistics Sweden, 2001a). In the environmental support system, a further 13% 
of arable land was registered as organic farming (ibid). Organic farming practices 
and other low intensity arable systems have in many cases been found to have a 
higher biodiversity than conventional farms (e.g. Bengtsson et al., 2005; Cesare 
et al., 2003). Biodiversity depletion also occurs in other countries as an effect of 
importing seed and feed to Swedish farms. The cultivation of soybean in Brazil 
has caused losses of biodiversity due to deforestation (Cordeiro, 2000). In the rest 
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of the food chain too, land use affecting biodiversity occurs. One example is in-
frastructure for transport. Roads affect habitats both directly by the conversion of 
the original land cover into artificial surfaces, and indirectly due to fragmentation 
and degradation (noise, pollution, light, etc.) (Geneletti, 2003). Of course, roads 
are not built exclusively for food transport, but transporting food to different parts 
of the country is one important reason for building roads.

Reduction of potential impacts from the sector
Starting from the identification of hotspots and the sector activities causing these, 
ways of achieving a reduction in impacts can be discussed. The issues of climate 
change, eutrophication and biodiversity are primarily linked to farming, and im-
proved farming methods and techniques which reduce these effects could be 
increasingly applied. Such changes could include for example organic farming 
practices, new techniques for handling and applying manure and fertilisers, pro-
tection zones along watercourses and improvements in plant and animal breeding. 
Furthermore, farmland could increasingly be used for cultivation of biofuels, which 
on a larger scale can contribute to reduced emissions of greenhouse gases. 

Non-renewable resources used in the agriculture sector include fuels for 
transport and heating and  electricity used in both industries and households. A 
reduction in this use would involve the power and heat producers, but also food 
consumers. The latter are important actors because of their use of electricity, heat-
ing and transport associated with food consumption. As is discussed later using 
data from Paper IV, they can also influence the energy use in the whole sector by 
their choice of diet (with a change in diet, the energy use for food production 
could be reduced by as much as 30%). Consumers are important actors from other 
aspects too. The only known accessible way to substantially reduce the emissions 
of the greenhouse gases methane and nitrogen dioxide from agriculture is to re-
duce the number of animals and the area under cultivation (AEA Technology 
Environment, 1998a; 1998b; Swedish Board of Agriculture, 2004). This can be done 
by importing food from other countries for Swedish consumption, in which case 
the problem is not actually reduced, but only moved to another part of the world. 
Another way is to change the diet: for example a diet with less animal products 
requires not only fewer animals, but also less acreage of arable land for growing 
feed for the cattle (Carlsson-Kanyama, 1998). It has also been shown that choice 
of diet affects nutrient leakage, since production of food for a diet with a large 
proportion of animal products results in substantially more nitrogen emitted to air 
and water than production for a diet with only vegetables (Swedish EPA, 1996). 
Thus, a diet containing less animal products than at present would be beneficial 
for several of the hotspots in the sector.

Finally, actors in other countries are also important, since as a result of ac-
tivities in the Swedish agriculture sector, potential impacts abroad are as large as 
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those within Sweden. Although decision-makers in the Swedish agriculture sec-
tor can hardly regulate actors in other countries, the effects can be influenced 
through choice of feed crops and import countries. The first way to learn more 
about such effects is to include effects abroad when considering potential impacts 
from the Swedish agriculture sector.

4.1.2.Energy.(Paper.II)
The analysis of the energy sector was divided into two parts: production of energy 
carriers and use of energy carriers. The production part covered energy carriers 
produced in Sweden, but also included impacts in other countries resulting from 
this production. Use of energy included the use of both domestic and imported 
energy carriers in Sweden. The IOA provided information to evaluate resource 
use, use of risk and hazardous classified chemicals, global warming, human toxic-
ity, freshwater toxicity, marine water toxicity, terrestrial toxicity, eutrophication, 
acidification and photochemical oxidation. In addition to these, the study assessed 
radiation and different aspects of land use (including biodiversity).

Hotspot evaluation
With the Ecotax method, resource use was identified as the largest problem, with 
use of fossil fuels and uranium constituting the impact. In addition to resource 
use, global warming also appeared as an important issue, with CO2 as the most 
important pollutant. With the EPS method, human health appeared as the main 
impact, with CO2 as the most important pollutant. Abiotic stock resource fol-
lowed as second largest impact. According to Eco-indicator, the largest problem 
in the sector was the use of fossil fuels. In all three weighting methods, resource 
use showed up as an important impact. Emissions from the combustion of fossil 
fuels was a large problem according to both Ecotax and EPS, affecting both green-
house effect and human health. Results from the inventory concerning resource 
use, emissions of greenhouse gases and air quality issues are given below. 

In the weighting, only the environmental issues that could be integrated into 
the IOA were assessed. This meant in this case that land use and biodiversity were 
not included3, nor were emissions of particles (PM 10) or toxic effects from use 
of chemicals. Land use and biodiversity were not ranked among the hotspot issues 
in the energy sector under current circumstances, yet they are probably impor-
tant for the sector to consider, since biofuels are often discussed as an important 
energy source for the future. It was not possible to connect data on PM 10 to 
different sub-sectors in the IOA and they could not form part of the weighting. 
Biofuel combustion is an important source of particles affecting local air qual-
ity, and therefore this was judged to be an important issue in the sector, adding 

3. The data available were not compatible with the Eco-indicator and EPS methods for these aspects
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to other emissions causing health effects. Toxic effects from the use of chemi-
cals are in many cases poorly known. What is known, however, is that fossil fuels 
dominate the groups hazard- and risk-classified chemicals, and that much fossil 
fuel use is associated with the energy sector. Thus it was considered a potential 
hotspot in the sector. 

Inventory
The assessment of non-renewable resources in the sector included uranium and 
fossil fuels. About half the electricity used in Sweden in the study period came 
from nuclear power, and the use of uranium for power production made up 55% 
of the abiotic resources used in the sector. Among the fossil fuels, fuel oil was the 
main resource, while coal, coke, diesel and natural gas constituted only a few per-
cent each. The largest proportions of the resources were used in power and heat 
production and in other countries for production of the imports, as these are the 
only actors using uranium. The same actors were also responsible for some of the 
fossil fuel use, but most of these resources are used in households and in public 
and non-profit institutions, together with other small users.

The most important greenhouse gas released from production and use of 
energy carriers was carbon dioxide, which constituted 86% of the total green-
house gas emissions from the sector according to the analysis. Emissions from 
production of energy carriers originated from power and heat production and 
from producers in other countries from which Sweden imports energy carriers. 
However, even more emissions came from the user side and combined emissions 
from many small users overshadowed emissions from the large users. Households 
and public institutions were also the main users of power and heat. 

A large proportion of the pollutants that affect air quality emitted from the 
energy sector came from fossil fuel combustion. The energy sector in total was 
a large contributor of some of the air pollutants and much of the emissions in 
Sweden came from power and heat production, and from use of energy in house-
holds and other small users. Pulp and paper industries and steel and metal works 
released much sulphur dioxide. Emissions in the countries from which Sweden 
imports energy carriers were in most cases larger than from any single actor within 
Sweden. The main emission source of particles smaller than 10 micrometres (PM10) 
in the sector was fuel combustion for heating, especially wood fuels. Emissions 
from wood stoves are principally a local problem in residential districts with high 
densities of old wood stoves (Forsberg et al., 2005). The proportion of biomass 
in the Swedish energy system is increasing, and although there are commercially 
available techniques that fulfil current environmental demands, the proportion of 
boilers with old technology is also increasing (Hansson, 2003).

The issue of biodiversity in the energy sector is primarily associated with 
the use of biofuels and hydropower. Biofuels constituted around 40% of all fu-
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els used in stationary sources4, and most of these were derived from forest areas. 
These fuels generally consist of residues from production of timber, pulp and 
paper – felling residues as well as residues later in the process. Modern forestry 
methods affect soil quality and biodiversity negatively in many cases. For exam-
ple, a virgin forest in central Sweden has been estimated to contain around 8,000 
species, while a spruce plantation in the same region barely contains more than 
2,000 species (Swedish EPA, 1994). How these effects should be allocated be-
tween energy and other products can of course be discussed. Extended use of 
felling residues has not been found to give any additional negative effect on soil 
chemistry and biological diversity, provided that certain aspects, such as appro-
priate recycling of ash, are considered (Egnell et al., 1998; Jacobsson et al., 2000; 
Jacobsson and Gustafsson, 2001). However, long-term effects have not yet been 
properly investigated. In addition to biofuels, hydropower also has effects on bio-
diversity. Hydropower dams affect nearby ecosystems both in the areas upstream 
that are submerged, and the downstream areas that are periodically drained (see 
e.g. Hjelm, 2004). Around half of the electricity in Sweden comes from hydro, 
and many rivers are affected by dams. However, four river systems in Sweden have 
been protected from exploitation.

Reduction of potential impacts from the sector
One conclusion from the assessment was that many small users of fuels for heat-
ing are very important, as well as industries such as pulp and paper and petroleum 
producers. Improved combustion techniques could help reduce impacts from the 
sector, and the first step is to implement the best available technology already de-
veloped. Power and heat production stood out as a main contributor to many of 
the problems in the sector, although this production is in many cases an alterna-
tive to direct fuel use among smaller users. 

Another conclusion from the assessment was that although Sweden has a fairly 
low dependency on fossil fuels, the use of these fuels was identified as the most 
problematic in the sector. A further substitution for other fuels is therefore urgent 
for the sector. This could also help decrease the impacts in other countries from 
the production of fuels used in Sweden. However, when considering other fuels it 
is important to bear in mind the potential consequences of increased production 
of these. At present, the Swedish policy is to phase out nuclear and not to further 
exploit rivers for hydropower, while biofuels, from both forests and agriculture, 
are considered a potential solution. If not managed properly, such increased pro-
duction risks having a severe effect on biological diversity, both within Sweden 
and in other countries. 

4. Biofuels include peat, tall oil, waste liquor and wood fuels.
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Figure 3. Total use of energy carriers (primary energy) in the average Swedish 
household and an average household in Stockholm City, 1996. 

Since most kinds of energy carrier production involve some kind of environmen-
tal problem, an attractive alternative would be to decrease consumption of fuels 
and electricity. Reduced use of energy carriers could be achieved by enhancing 
efficiency, for example through increased insulation of houses or technological 
development of electrical supplies, or by changed behaviour, such as lower indoor 
temperature or lower use of electrical equipment. To achieve such changes, policy 
coordination with other sectors will be necessary. The results from the EAP cal-
culations in Papers IV and V provide further information on how consumption 
changes in households can contribute to reduced use of energy carriers.

4.2 Household consumption patterns (Papers IV and V)
Results from the EAP calculations can be shown in different forms: as energy per 
unit (MJ per kilo or MJ per piece), as energy intensity (MJ per monetary unit) 
or as total energy requirements per household, divided into product groups. This 
section presents selected results from different categories, with the focus mainly 
on the Swedish results, and primarily on food-related consumption. More results 
are provided in Papers IV and V.

Figure 3 shows results for the average Swedish household and the average 
household in Stockholm City in 1996. Total use of energy carriers in the average 
Swedish household was slightly higher than in the average household in Stockholm 
City. The average Swedish household consisted of 2.2 persons while the average 
household in Stockholm had 1.8 inhabitants. The largest difference between the 
households lay in the use of petrol.
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Petrol, electricity and heating were the energy carriers used directly in house-
holds. All other use of fuels and electricity occurred during the production of 
goods and services consumed by the household. This is called indirect use. Table 
5 shows expenditure, total energy and energy intensities for the average house-
hold in Stockholm.

Table 5. Spending, use and energy intensity for different categories connected to 
indirect use in the average household in Stockholm City, 1996 

Category   Spending Total   Energy
      energy  intensity 
    (1000 €)  (GJ)  (MJ / €)

Food    4.45  45.59  10.2
House    4.84  11.53  2.4
Household effects  1.21  10.64  8.8
Clothing and footwear  1.75  14.89  8.5
Hygiene   1.09  8.86  8.1
Education   0.91  7.42  8.2
Recreation   2.44  24.72  10.1
Transport   1.71  15.76  9.2
Other consumption  1.08  1.95  1.8

Total indirect   19.47  141.37 

Food was the category where the most of the indirect use occurred. Table 6 shows 
the energy intensity (high or low) of selected food items. 

Table 6. Food with high and low energy intensity (from Paper IV) 

Food with high energy intensity Food with low energy intensity,  
MJ/Euro   MJ/Euro

Beef and veal 11  Game meat  4.5
Cod  16  Clams   3.0
Salmon, farmed   9.3  Legumes  5.2
Chicken 14  Root vegetables 4.2
Pork 11  Eating out  8.2
Greenhouse vegetables 28  Apples   6.0
Cheese 13  
Snacks/ice-cream       10-12  
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In Paper IV some options for more energy-efficient spending patterns related to 
food were explored. The total amount spent in the original household budgets 
was unaltered, but expenditure was shifted: from beef to game meat, from pork 
and poultry to legumes, from cod and salmon to clams, from greenhouse vegeta-
bles to field vegetables, from cheese to fruits and from snacks and ice-cream to 
eating out. Most of these recommendations are roughly in line with current ad-
vice for a healthier and more environmentally-friendly diet (Stockholm Centre 
for Public Health, 2001). One third of fruits and vegetables in the alternative diet 
were assumed to be grown locally, as was organic food, and the rest of all veg-
etables, fruits, potatoes and milk were organically produced5. This required up to 
10% extra money for the household budget for food6. As expenditure was to be 
maintained at the same overall level in the simulation, the extra money needed 
for food was obtained by lowering expenditure on non-food categories. These 
measures resulted in a decrease of household energy requirements for food by as 
much as 30%. 

Compared to the other countries involved in the ToolSust project, the average 
expenditure in Swedish households was fairly low, as was the total use of energy 
carriers. The comparison of results from EAP calculations for city households in 
four countries in Northern Europe (Paper V) showed that there were three main 
determinants of differences in average direct and indirect use of fuels and elec-
tricity: the efficiency of electricity generation, the average levels of household 
expenditure and the average indirect energy intensities. 

In the EAP model, the efficiency of the electricity generation was calcu-
lated by using ERE (Energy Requirements for Energy) values and conversion 
losses based on statistics (IEA Statistics, 1998). As described previously, about half 
the electricity used in Sweden comes from hydropower and half from nuclear, 
and the ERE value for uranium is considerably higher than that for hydropower. 
Hence, to reduce energy requirements it seems that hydropower would be pref-
erable to nuclear power. However, there are environmental aspects which are im-
portant to consider when discussing electricity generation. From the perspective 
of climate change, both nuclear and hydro power are adequate. From a resource 

5. We used the assumption that primary production is 20% more energy-efficient in the organic 
system, which is a rough assumption but in line with some studies carried out on milk and veg-
etables (Cederberg, 2002; Mattsson, 1999). When organic fruit and vegetables are also produced 
locally, approximately another 10% of the energy is saved according to the EAP analyses. However, 
the assumptions made concerning local produce can be questioned in the light of a recent study 
of the farmers’ market in Stockholm (Wallgren, 2006), which found no significant differences in 
levels of energy use for transport to the farmers’ market compared with the conventional food 
system. These results were not available at the time of the studies in the ToolSust project. 

6. Organic food is about 30% more expensive than conventional produce and food bought at the 
local farmers’ market costs 50% more according to estimations based on-site.
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perspective, hydro is preferable, while a focus on biodiversity issues indicates that 
hydropower production should not be increased. Thus, this question should be 
discussed in conjunction with other aspects in addition to that of efficiency in 
electricity generation.

The average levels of household expenditure and the average indirect en-
ergy intensities in the countries investigated in the ToolSust project were found 
to depend on choices made by consumers and on the structure of the economy. 
The EAP calculations can be used as a basis for providing information to con-
sumers regarding changes that would lead to reduced use of fuels and electric-
ity, but changes in consumption never take place in a vacuum. If eating less meat 
were to be identified as desirable, the potential to eat vegetarian food – access to 
good vegetables as well as vegetarian restaurants – would naturally be crucial for 
the feasibility of such a change. Thus, on the one hand the EAP results can guide 
consumers in their everyday decisions, and on the other hand they can guide 
decision-makers on measures to simplify and stimulate environmentally friendly 
behaviour. 

4.3 Food losses (Paper VI)
Food service institutions serve one-fifth of all meals eaten in Sweden, and the 
proportion is increasing (DELFI marknadspartner, 2000). The study in Paper 
VI covered four kitchens: two in schools and two in restaurants, all situated in 
the inner city of Stockholm. On average, 20% of the food delivered to the food 
service institutions was lost and the diners consumed 80% (see Figure 4). Most 
losses occurred during the last step in the chain; plate waste constituted half of 
the recorded losses. 

Figure 4. Flow chart of average food losses in the institutions in the study. 
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From an ecological perspective, the impact of the food losses may be substantial. 
A calculation was made of the arable land needed to produce the food that is 
later discarded in food service institutions and found it to be equivalent to 40,000 
hectares or 1.5% of the area under cultivation in Sweden7. Meat demanded 91% 
of these 40,000 hectares (i.e. cultivating grain needed for animal fodder) although 
meat was only 20% of the losses. Meat is well known for being a resource-in-
tensive food item. Assuming that the same levels of losses as found in this study 
were true for EU-15, arable land used for producing food eventually lost could 
be in the order of 1.5 million hectares per year, an area roughly equivalent to the 
total area under cultivation in Belgium8. If this area were instead to be cultivated 
with Salix (energy forest), it could produce about 260,000 TJ, enough to heat 2.8 
million houses9. Clearly, this example is based on very weak empirical evidence, 
with measurements carried out in four food service institutions only. Substantial 
research is needed to provide more accurate estimates. Still, the example shows 
that lowering food losses is an important area for policymakers.

4.4 Sector analyses and policy attention (Paper III)
The sector analyses and the EAP results provided much information on impacts 
and optional strategies relevant for the sectors. The study of environmental char-
acteristics and policy attention in Paper III evaluated whether the hotspot issues 
in the sectors were also dealt with in sector policies (the first hypothesis in sec-
tion 3.5). 

An overview of the results can be found in Table 6. While several hotspot issues 
were found in each sector (based on Papers I and II), only two issues per sector 
received sustained attention10. All issues on the agenda were important issues, but 

7. This number was calculated by studying the composition of the losses and multiplying them 
by the total number of portions served in Swedish food service institutions each year. To these 
amounts have been added losses in the food production chain to obtain amounts of products 
harvested (numbers from National Food Administration, 1996; Carlsson-Kanyama and Faist, 2000; 
Carlsson-Kanyama and Boström-Carlsson, 2001). Half the meat was assumed to be beef and half 
pork. Yields per hectare for different crops were taken from Carlsson-Kanyama and Faist (2000).

8. Assumed amount of meals per capita in food service institutions is 160 per year, population in EU 
in 2000 was 376,481,775 (Eurostat, 2003). Total agricultural area in EU-15 is 130,150,000 hectares, 
and the cultivated area in Belgium is 1,390,000 hectares (Statistics Sweden and Swedish Board of 
Agriculture, 2003). Yields per hectare for different crops were taken from Carlsson-Kanyama and 
Faist (2000).

9. Net energy yield for Salix per hectare and year is 172 GJ (Börjesson, 1996). Average amount of 
energy needed for heating a Swedish house is 25.5 MWh a year (Statistics Sweden, 2002a).

10. Evaluation of the level of attention was based on a content analysis of policy documents. Results 
from the content analysis are further described in Paper III.
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not all important issues were on the agenda. It appeared that issue importance is 
a necessary but not sufficient condition for policy attention. 

Below, the issues of knowledge level and stakeholders are assessed (second 
and third hypotheses in section 3.5) to trace whether these could provide insights 
into why some issues appear on the agenda, while others do not. 

4.4.1.Assessment.of.knowledge.level.and.stakeholders

Non-renewable resources
The level of knowledge regarding resources can be considered reasonably good. The 
magnitude of fossil fuel resources is fairly well charted, although exact amounts and 
the possibility of their extraction are contentious issues (see for example Campbell 
and Laherrére, 1998). Uranium resources are also quite well-documented (e.g. 
World Nuclear Association, 2004).

Stakeholders in the agriculture sector who would benefit from placing re-
source use on the policy agenda are those providing alternative energy carriers 
produced on agricultural land, mainly biofuels and wind power. However, these 
producers might not be fully perceived as stakeholders within the agriculture sec-
tor, since the products, although produced on farm land, are energy carriers rather 
than agricultural products. This was confirmed in a recent assessment of Swedish 
bioenergy policy, where it was found that coordination between the agriculture 
sector and the energy sector concerning this issue has been poor (Söderberg, 
2005). In the energy sector, the stakeholders who benefit from having the issue 
on the agenda include producers of renewable energy carriers, such as biofuels, 
wind and hydropower.

Climate change
The level of scientific understanding of contributions to radiative forcing from 
carbon dioxide, methane, nitrogen dioxide and halocarbons was judged by the 
Intergovernmental Panel on Climate Change (IPCC) to be high, while the knowl-
edge of contributions from aerosols and some other substances was considered 
low or very low (IPCC Working Group I, 2001 Figure 3, p.8). The same report 
concluded that even taking into account the remaining uncertainties, ‘most of the 
observed warming over the last 50 years is likely to have been due to the increase 
in greenhouse gas concentrations’ (p.10). Still, changes are fairly small and mostly 
in line with expectations. For example, global average surface temperature has 
increased by about 0.6 °C over the 20th Century, the extent of snow cover has 
decreased by about 10% since the late 1960s and global average sea level rose be-
tween 0.1 and 0.2 m during the 20th Century (IPCC Working Group I, 2001).
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As discussed in the agriculture sector study (Paper I), much of the greenhouse gas 
emissions from the sector could be avoided by decreased production of animal 
products, especially cattle. Thus, producers of alternative products would benefit 
from having the issue on the agenda. Vegetarian alternatives are often pointed 
out as healthy alternatives, which means that the health food industry would also 
benefit from a focus on climate change in the agriculture sector. A search on the 
internet for some well-known Swedish companies providing vegetarian food 
and health food gave the result that none of these use environmental reasons as 
sales arguments for their products. This led to the conclusion that these producers 
cannot be perceived as well-organised in this regard. Stakeholders in the energy 
sector benefiting from having the climate issue on the agenda are partly the same 
as for resource use, i.e. the producers of renewable energy sources. However, in 
this case the nuclear industry is also involved, as nuclear power emits only small 
amounts of carbon dioxide.

Eutrophication
According to a recent description of the eutrophication problem in Sweden, 
there are large unanswered scientific questions regarding nutrient flows on land, 
accumulation in groundwater and subsoil water and the proportion of nutrients 
in seabed sediments that can be restored to marine ecosystems through microbial 
processes and bioturbation (Environmental Advisory Council, 2005). Knowledge 
of flows and ground processes of phosphorus in particular is insufficient (Statens 
Offentliga Utredningar, 2000a). Recovery of highly eutrophied lakes has been very 
slow since the late 1970s, although measures have been implemented according to 
current knowledge, and emissions have been reduced (ibid). None of the trends 
observed in surface water in the Baltic during recent decades can be linked to 
changed loads from land (Larsson and Andersson, 2004). Thus the degree of reduc-
tion required in order to improve the situation in the Baltic is not known. It has 
been suggested that the ecosystem in the Baltic has undergone a regime shift and 
has now entered a eutrophic state, unlike the former oligotrophic regime, and it 
will thus be very difficult to restore the old ecosystem (Environmental Advisory 
Council, 2005; Statens Offentliga Utredningar, 2003).  

As discussed in Paper I, a change in composition of the diet and domestic 
agricultural production could potentially lead to a reduction in eutrophication. 
Thus, producers of vegetarian alternatives and the health food industry could 
benefit, as discussed under ‘Climate change’ above. A reduction in the eutrophy-
ing emissions from the energy sector would involve a reduction in fossil fuel use, 
as well as reduced use of biofuels. The emissions could also be reduced by stricter 
emission control techniques. Stakeholders benefiting from reduced fossil fuel use 
have been discussed above.
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Toxicity
The knowledge of toxic substances occurring in society is limited (Statens 
Offentliga Utredningar, 2000a; 2000b). No one knows exactly how many chemical 
substances there are on the Swedish market, and knowledge is lacking of the health 
and environmental effects of many substances (Statens Offentliga Utredningar, 
2003). Because of this lack of knowledge, ecologically damaging and health-haz-
ardous substances cannot be identified, nor can risk assessments or measures to 
limit the risks be made to an adequate extent (ibid). Effects of toxic substances 
are in some cases delayed for decades. Before effects are discovered, levels in the 
environment might have accumulated and it could take a very long time before 
measures to reduce the substances have effects. 

Toxic substances that could be assessed in the sector analyses included emis-
sions of metals to water from municipal wastewater treatment and use of risk- 
and hazardous-classified chemicals (including agricultural pesticides). Ideally, the 
toxicity category should include emissions to air, water and soil from both dif-
fuse and point sources, but it was not possible to include all these aspects in the 
assessment. Emissions of organic compounds were missing from the analysis, as 
were airborne emissions of metals. Concerning chemicals, we only know the 
use of chemicals, not their occurrence in the environment and the range of the 
risks to humans associated with exposure. Diffuse sources, such as airborne emis-
sions from transport that eventually end up in the water, were not accounted for,  
nor were emissions that never reach the sewage treatment system. Analyses have 
shown that diffuse sources make up a considerable proportion of all sources in 
wastewater treatment (Sörme and Lagerkvist, 2002). Thus, there is a general lack 
of knowledge and data.

Farmers using organic farming practices would benefit from having issues 
of toxicity on the agenda in the agriculture sector, as they do not use either pes-
ticides or chemical fertilisers. In the energy sector issues of toxicity are related to 
fossil fuel use, since fossil fuels themselves are toxic, and their production involves 
a lot of other chemicals. Stakeholders benefiting from reduced use of fossil fuels 
have been discussed previously.

Biodiversity
The Millennium Ecosystem Assessment (2005), based on the work of more than 
2,000 authors and reviewers worldwide, establishes that ‘changes in important 
components of biological diversity were more rapid in the past 50 years than at 
any time in human history’ (p. 2). An important driving force is that a production 
increase in ecosystems, such as in agriculture, requires simplification of natural 
systems in favour of high yields (ibid). Still, many things in this field are unknown. 
The role of biodiversity for enhancing ecosystem resilience is for example de-
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scribed as ‘established but incomplete’. Many of the negative effects associated 
with biodiversity depletion are slow to become apparent. A reduction in ecosystem 
resilience might not be visible until there is a significant change in the surround-
ing circumstances, and the lost ability to recover is evident (ibid).

Since organic farming has been shown to enhance biodiversity (e.g. Bengtsson 
et al., 2005; Cesare et al., 2003), farmers using such practices benefit from having 
the issue on the agenda in the agriculture sector. In the energy sector, all stake-
holders providing energy carriers with less impact on biodiversity than hydro-
power and biofuels would benefit from having this issue on the sector agenda. 
These include producers of renewables, such as wind power, photovoltaic cells 
and solar heating systems, but also nuclear power.

Air quality
According to a Swedish commission of inquiry (Statens Offentliga Utredningar, 
2000a), the emission reductions needed to fulfil air quality objectives in densely 
populated areas are fairly well-known. 

In the agriculture sector, the stakeholders who could benefit from having 
issues of air quality on the agenda are those promoting local and regional food, 
i.e. producers with short transport distances to consumers. Stakeholders in the 
energy sector who could benefit from having this issue on the agenda are pro-
ducers of energy carriers other than fossil fuels (except natural gas) and biofuel. 
These include producers of heat pumps, suppliers of natural gas and producers of 
power from sources other than fossil and bio fuels, as it is common to use elec-
tricity for heating in Sweden.

4.4.2.Evaluation.of.the.hypotheses
A comparison between the level of knowledge and the attention devoted to the 
issue in sector policy (Table 6, second and third column in each sector) did not 
reveal a close correlation. In the agriculture sector, the relatively poorly known 
issues of biodiversity and toxicity received solid attention, while the more well-
known issues, such as climate change and resource use, seemed not to be discussed. 
Toxicity did not receive the same level of attention in the energy sector as in the 
agriculture sector, although we know that in the energy sector there is a high use 
of fossil fuels, which are toxic. Of course, whether use of risk- and hazardous-
classified chemicals is a good measure of toxicity can be discussed, since it can be 
argued that the relevant information is not how much is used, but whether the 
toxic substances reach the environment where they can harm ecosystems or hu-
man health. Still, such information is for the most part not available at present. 
Furthermore it can be argued that a high use of toxic substances increases the risk 
of release to unwanted places. Air pollution, a well-known issue, was not present 
on the energy sector agenda. From this assessment, the hypothesis that well-known 
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issues receive more attention than the issues we know less of does not seem to be 
valid. However, none of the issues is totally unknown. A certain level of knowl-
edge has to be attained before an issue can attract awareness. 

The third hypothesis suggested that an issue would appear on the agenda if 
there were organised stakeholders inside the sector who would benefit from hav-
ing it there. The analysis gave some support for this hypothesis. In the agriculture 
sector, organic farmers, who are organised by the Swedish Ecological Farmers 
organisation, benefit from having biodiversity and toxicity on the agenda. In con-
trast, the stakeholders within the sector who would benefit from having the issues 
climate change, eutrophication and non-renewable resource use on the agenda 
do not have corresponding organisations. For the energy sector, bioenergy pro-
ducers are organised by the Swedish Bioenergy Association, which benefits from 
having climate change and resource use on the agenda. Nuclear energy produc-
ers would also benefit from a climate change debate. Thus there are stakeholders 
within the sector who benefit from having these issues on the agenda. However, 
for the issues given less attention (air quality and toxicity) there are also stakehold-
ers who would benefit from having the issues on the agenda, notably natural gas 
suppliers. However, these are often associated with petroleum or power produc-
ers, who also provide products contributing to air quality and toxicity problems. 
Thus they may have problems discussing air quality and toxicity with credibility 
and enthusiasm. To conclude the discussion on stakeholders, the results seem to 
indicate that there is a connection between policy attention and organised stake-
holders inside the sector. 
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5 Discussion

This thesis employs a systems perspective, and some consequences of this for the 
study of a sector were mentioned in Section 2. The perspective implies that indi-
rect (upstream and downstream) effects should be considered in addition to direct 
impacts, and that problems should be analysed so that they are truly reduced, not 
merely transferred in time, space or between problems. With this perspective in 
mind, what can be said about food, energy and the environment? Two main issues 
are discussed here to further clarify the findings of this thesis: What can be learnt 
from the studies? and Can the findings be trusted? The first question relates to 
lessons useful to keep in mind when considering policies in the sectors. The sec-
ond question is directed at issues of uncertainty of the methods. The discussion 
is divided in two main parts according to these questions.

5.1 What can be learnt from the studies? 

5.1.1.The.sector.analyses
The sector analyses in Papers I and II provided information on environmental 
impacts related to the total production from a sector in one year. The results for 
the agriculture sector showed that four issues deserve special attention: 
• Biodiversity depletion 
• Climate change 
• Eutrophication 
• Depletion of non-renewable resources 

A fifth probable candidate among the hotspots was toxicity, because of the pesti-
cides used to affect the environment. The lack of knowledge of those issues pre-
vented a more definite judgement being made on this aspect. Another finding 
was that potentially large impacts also occur in other countries, because of sector 
activities in Sweden. Further analysis identified some strategies to reduce impacts. 
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Among these, diet changes among consumers towards reduced consumption of 
animal products appeared to be a promising approach, since animal production is 
related to several of the potential hotspots. 

The results from the energy sector showed four important issues: 
• Air quality
• Climate change
• Toxicity 
• Depletion of non-renewable resources. 

For the energy sector too, effects in other countries were found to be substantial. 
All of the potential hotspots, as well as the effects in other countries, are largely 
related to the use of fossil fuels. Among the strategies to reduce impacts from the 
sector, substitution of these fuels seem to be an urgent measure. However, when 
considering substitute fuels, the potential consequences of increased production 
of these fuels need to be considered. 

Both sector case studies illustrate the importance of including indirect ef-
fects. The first example of this is the large effects in other countries, resulting from 
imports and exports. At present, the Swedish Environmental Quality Objectives 
focus mainly on the impacts within Sweden. With such an approach, the sectors 
could in practice move parts of their activities to other countries (for example by 
increased imports of feed in the agriculture sector or of electricity in the energy 
sector) and they would thus have reduced sector impacts. This is one example of 
the importance of the systems approach. Another example is that the consum-
ers might have a large influence on impacts from the sectors, since they by their 
choices can influence the composition of the sector production. If the systems 
perspective had not been employed, these possibilities to reduce impacts would 
not have been visible. A lesson from the studies is therefore that it is important to 
employ a systems view within sectors as well as in other work with the national 
Environmental Quality Objectives.

5.1.2.Nature.and.magnitude.of.consumption
The EAP studies in Papers IV and V provided information on potential conse-
quences of spending habits in households and options to reduce energy require-
ments via consumption changes. This gives input to both the agriculture sector 
and the energy sector. The simulation of changes in dietary habits illustrated the 
potential of such changes to reduce resource use and greenhouse gas emissions, 
both potential hotspots, in the agriculture sector. As energy requirement was the 
focus of the EAP calculations, the studies also provided information for the energy 
sector. Several options for less energy-demanding spending patterns were iden-
tified, which could form a basis for policies in the sector. Recently the Swedish 
EPA expressed an interest in EAP, and the method will be forwarded as one of 
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some selected instruments that can provide a useful basis for designing measures 
in the environmental area (Swedish EPA, forthcoming).

Another option for reducing impacts is to reduce the magnitude of con-
sumption, not by eating less but by discarding less, as discussed in Paper V. This is 
an example of potential increased efficiency in resource handling. Although land 
use was chosen as an indicator in the calculations, reducing these losses would 
potentially involve a reduction in all impacts arising during food production.

When discussing the role of consumers in reducing impacts from the sectors, 
it is important to emphasise that such changes are not the sole responsibility of the 
consumers themselves. Consumption changes should not be discussed in isolation 
from a discussion of suitable support systems. When it is cheap and easy for people 
to live in an environmentally friendly way, it is more probable that they will choose 
this option. Paper IV includes a preliminary exploration of support systems. This 
was based on a previous part of the ToolSust project where the case study area of 
Södermalm in Stockholm was mapped concerning the inhabitants and their values 
and behaviour, and opportunities for shopping and re-use (Carlsson-Kanyama et 
al., 2001). Concerning food, the evaluation showed that there are several vegetarian 
restaurants in the area, and a farmers’ market selling organic and locally-produced 
food every Saturday from August to October and occasionally during Christmas 
and spring-time. The inhabitants rated buying organic food as being of moderate 
importance. Organic food was bought for environmental and health reasons and a 
main obstacle for not buying more was the high price and poor recognition of labels 
for organic foods. Knowledge about reasons for eating less meat was lacking. Based 
on that evaluation, it seems as if there were possibilities in the case study area to 
consume food in an environmentally friendly manner, although lack of knowledge 
of connections between diet and environmental issues and the price of organic food 
reduced the possibility of people actually doing so. This is important information for 
policy-makers. Changing food consumption is a potential way to reduce environ-
mental impacts from the agriculture sector, and measures to enhance such changes 
could include economic incentives, but also more creative measures. If new, tasty 
and exiting vegetarian alternatives were readily available in restaurants as well as in 
supermarkets, and if these alternatives were successfully marketed, people might eat 
less meat not because they were forced to but because there was a more enjoyable 
alternative. A similar line of argument could be applied to the energy sector.

5.1.3.The.special.case.of.land.use
Changes in policies include a risk for problem shifting, so that reducing impacts 
related to one important aspect leads to increased problems of another kind. This 
part of the discussion examines the issue of land use where the two sectors agri-
culture and energy have very much in common, and might come into conflict if 
certain aspects are ignored.
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Food production is indispensably dependent on access to productive land for main-
tained production. The energy sector is also largely dependent on productive eco-
systems, especially in Sweden because of the large share of biofuels. However, the 
planet we live on has a limited land area, and there are many demands for this area. 
If biofuels from agricultural and silvicultural areas are increasingly used as substi-
tutes for fossil fuels, land will increasingly be used for this purpose. Simultaneously, 
world population is projected to increase – current UN projections point at a 
global population of 9.1 billion in 2050 (United Nations Population Division, 
2005), and increasing wealth might well raise per capita demand for food and 
energy. Furthermore, non-food crops might become more important: they serve 
increasingly to produce a wide range of biodegradable materials, for example for 
packaging and other materials, but also pharmaceutical products (Penning de Vries 
et al., 1997). With diminishing oil reserves, such plant sources provide important 
replacements for many materials used today.

Several projections have been made on future land use to satisfy needs for 
food, forest products and biomass for energy (e.g. Berndes et al., 2003; FAO, 2001; 
Gilland, 2002; Hoogwijk et al., 2003; Penning de Vries et al., 1997). Competition 
for land has in some cases been discussed, as projections of future production 
of bioenergy often involve land use for food too (e.g. IIASA and WEC, 1995; 
Rogner, 2000). However, the projections have seldom taken environmental is-
sues and biodiversity conservation into consideration. After reviewing 17 studies 
on the contribution of biomass in the future global energy supply, Berndes et al. 
(2003) stated that: 

the environmental consequences of a realization of the assessed bioenergy po-
tentials are insufficiently analyzed. It is therefore unclear to what extent the as-
sessed potentials harmonize with other environmental goals such as biodiversity 
and nature conservation (p.19). 

Engström (2005) reviewed projections of future land use for different purposes in 
order to discuss priorities and options to reduce the land use. Figure 5 shows the 
difference between the extremes in the land use projections reviewed, compared 
to the situation today and to total potential cropland. Current land use (numbers 
for 2000-2002 from FAO databases) is included for comparison, but it should 
be noted that the categories are not directly comparable between the projec-
tions and the current land use, since data comes from different sources. The FAO 
data for current land use does not provide separate information on bioenergy 
plantations, and it is unclear to what extent the area classified as ‘Other forests’ is 
used for silviculture (the category includes for example the northern boreal for-
ests in Sweden, where forestry is abundant and residues are used as bioenergy). 
Projections of protected areas were difficult to find, and could therefore not be 
included. However, it is evident from the figure that differences in assumptions of 
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food composition and production systems make huge differences in projected land 
use. Both extremes for food production shown in Figure 5 came from Penning de 
Vries et al. (1997): the minimum land use from a vegetarian diet in combination 
with yield-orientated agriculture, and the maximum from an affluent diet and 
environmentally-orientated agriculture. With the maximum projection almost all 
available cropland11 was needed for food production. Diet is the first component 
making a difference, since in the study by Penning de Vries et al. (1997) an afflu-
ent diet demanded two and a half times as much land per person as a vegetarian 
diet, given the same production system. Type of agricultural production system 
is also decisive for land requirements: yields in the environmentally-orientated 
agriculture considered by Penning de Vries et al. (1997) were less than half those 
of the yield-orientated. This resulted in a difference of more than 2,200 Mha be-
tween the production systems (Engström, 2005). It might then seem as if yield-
orientated agriculture should be advocated since land is a scarce resource needed 
for production of essential products such as food and fuels. However, the yield-
orientated scenario was dependent on high inputs of water, energy, fertilisers and 
pesticides. Furthermore, the fertility of productive land needs to be maintained. 

11. Estimate of available cropland comes from FAO (2000)
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Figure 5. Maximum and minimum projections, compared to today’s situation 
and to total potential cropland (from Engström, 2005).
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Sustained biodiversity is an important part of productivity, and of the ability to 
recover after perturbation (Millennium Ecosystem Assessment, 2005). A review 
of 76 studies comparing the impact of organic and conventional farming prac-
tices on biodiversity showed that a wide range of taxa, from birds and mammals 
to microorganisms, have been found to benefit from organic practices (Hole et 
al., 2005). Thus, environmentally-orientated agriculture might need larger land 
areas to produce a certain amount and composition of food, but would have es-
sential benefits needed to maintain productivity. Future production systems will 
probably be affected in many ways by climate changes as a result of increased 
greenhouse effect. For example changes in temperature and precipitation will 
presumably lead to reduced yields in some areas and increased in others (Parry 
et al., 2004). The overall result is not known, but preservation of biodiversity that 
increases ecosystem resilience in order to maintain ecosystem function despite 
changes in the environment appear even more important. Therefore, it seems to 
be a risky path for the future to continue the development towards high-yield-
ing production systems.

Considering the projections shown in Figure 5, it is clear that if we care for 
biodiversity and future productivity, there is not enough suitable land to realise 
the highest projected levels of production of food, forest products and biomass for 
energy. According to the projections reviewed, the assumption that there are large 
areas of spare land for bioenergy cultivation involves the secondary assumption 
that not all people can have an affluent diet, based on environmentally-orientated 
agriculture. Still, there are options to reduce the land use, choices concerning diet 
and the composition and magnitude of future energy systems. It is evident that 
land will be a limiting resource in the future, and this has to be considered in poli-
cies for all activities using cultivable land. It is therefore important to find policies 
aimed at more sustainable consumption patterns, above all for food and energy.

Studies arriving at the conclusion that there is spare land have to be taken 
with caution in light of these results. Countries with excess land, such as Sweden, 
should be aware of the lack of this resource on a global scale, and policies for e.g. 
bioenergy plantations should consider these limitations. Although bioenergy is an 
appealing alternative to fossil fuels, with a number of benefits, it must be ensured 
that such changes of fuels do not harm future production possibilities. 

5.1.4.Are.the.right.issues.being.addressed?
The assessment of knowledge level and stakeholders in the sectors (Paper III) 
showed that environmental importance is not a sufficient criterion for an issue to 
be given place on the sector agenda. A conclusion from this is that a method to 
investigate the sector’s environmental performance ought to be institutionalised, 
in order to avoid relying on well-organised actors with inside access to sector 
decision-making to create the sector’s environmental agenda. The sector analy-
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ses could be a useful tool for sector responsibility. Because of their basis in IOA 
and Environmental Accounts, where environmental information is available in a 
form suitable for analysing impacts from a sector, the workload would not have 
to be overwhelming. The IOA has to be complemented with additional informa-
tion, since at present not all relevant aspects are included in the framework. Such 
complementation is easier the more knowledge the analyst has of the sector, and 
if sector analyses were to be performed by the sector authorities, this knowledge 
would be substantial. However, there is also a risk that these authorities are trapped 
in their prevalent view of sector performance on different issues, which might 
affect this complementation part. Therefore, research needed to include further 
environmental aspects in the Environmental Accounts and in methods for impact 
assessment should be prioritised. Urgent aspects defined on the basis of the case 
studies in Papers I and II are land use issues, biodiversity, use of resources other 
than energy carriers, and emissions of particles. The sector analyses also showed 
that there is a great need for additional studies of toxic effects, impacts from the 
use of chemicals and assessment of chemical use in countries from which Sweden 
imports, as these aspects are poorly known.

5.2 Can the findings be trusted?
One of the reasons why the hybrid methods are useful is that they build on eas-
ily accessible data, through the use of IOA. On the other hand these data are 
rather generalised, which might decrease the accuracy of the results. The un-
certainty involved in the Dutch EAP model was investigated by Wilting (1996), 
who considered the financial data in EAP to involve an uncertainty of 10% and 
the process data to have an uncertainty of 2%. As financial data are employed to 
calculate energy requirements for all parts of an analysis where process data are 
not available, the uncertainty involved in each analysis differs depending on the 
amount of process data that can be included for the product or service analysed 
(ibid). Paper V shows experiences from the modification of the model for ap-
plication in the different countries involved in the ToolSust project. As much as 
possible, country-specific data were used for these modifications. However, it was 
not possible to fully replace the complete Dutch dataset. Assessing this source of 
uncertainty, a conclusion in Paper V was that the quantitative figures related to 
indirect energy use in the countries other than the Netherlands had a consider-
able margin of error. For the Swedish database, it was possible to replace almost 
all Dutch data. Furthermore, quite a large amount of process data was available 
on basic goods, especially food. Thus the uncertainty could be considered quite 
close to that estimated for the Dutch EAP. However, the plausibility of Wilting’s 
estimate was not tested in this thesis, and no separate evaluation of the uncer-
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tainty in the Swedish EAP was made. It is therefore not possible to provide exact 
information regarding this issue.
Concerning the sector analyses, it is difficult to evaluate the uncertainty, since data 
from so many different sources were included. Björklund (2002) discusses different 
types of uncertainty in LCA, a discussion applicable also for hybrid tools. Based on 
Björklund’s arguments, it appears useful to differentiate between data uncertainty 
and model uncertainty. The data in the sector analyses came from many different 
sources, and involved different levels of uncertainty. The statistics included in the 
environmental accounts came from various surveys with different scopes. In addi-
tion to these, data were included from additional sources for aspects not covered 
by the Environmental Accounts and it is very difficult to assess an overall level of 
uncertainty in the analyses. However, of perhaps greater importance is on the one 
hand the data gaps, on the other hand model uncertainties. The lack of knowledge 
concerning chemicals and toxic aspects has already been mentioned. While these 
aspects seem to be potential hotspots with severe effects in both sectors studied, 
it was not really possible to evaluate this. Model uncertainties lay partly in blunt-
ness in the IOA, as discussed above, but also in the weighting methods used. It is 
important not to draw too far-reaching conclusions from the studies. The main 
conclusion from the applications of the sector analysis method in Papers I and II 
was the identification of potential hotspots. These results seem fairly robust, al-
though there could of course be additional hotspots, because of the lack of knowl-
edge in relation to some kinds of impacts (so-called epistemological uncertainty 
(Björklund, 2002)). Nevertheless, it is not possible to base comprehensive studies 
of this kind on anything other than the available knowledge.

The study of food losses differed from the other studies included in this the-
sis in that it included direct measurements in the food service institutions. The 
largest source of uncertainty in this study lay presumably in the small selection of 
study kitchens. Therefore the study should be seen as a pilot investigation, point-
ing out the importance of this area for further studies, rather than providing ac-
curate measurements of average losses. 

In Paper III the knowledge level and stakeholders benefiting from having 
an issue on the agenda were assessed based on the sector analyses and secondary 
literature sources. Of course, it is difficult to determine the level of knowledge. 
The judgements on the basic knowledge level were based on assessments in lit-
erature by other authors. However, an issue that today seems to be reasonably 
well-known might suddenly appear in a different light, where the resultant effects 
could not be foreseen based on the previous knowledge. Eutrophication in the 
Baltic Sea could be an example of this, where measures applied during the last 
20 years have not had the intended effects (Larsson and Andersson, 2004; Statens 
Offentliga Utredningar, 2000a). The issue of climate change is considered by the 
IPCC to be fairly well-known, but the full-scale effects have not yet become ap-
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parent, and not until they do, will it be clear whether we had good knowledge or 
not. Concerning stakeholders, a thesis could probably be written on this single 
theme, evaluating which stakeholders benefit from having different issues on the 
agenda and what strategies are employed to achieve this. However, although the 
issues could be much more problemized than they have been in Paper III, this is 
a first interdisciplinary approach to evaluate questions that have formerly most 
often been discussed within the disciplines, and it can therefore provide new and 
useful insights in spite of its limited scope. 

5.3.Final.remarks
A sector is a large object to study and it would be unreasonable to claim that this 
thesis covers all aspects that can be investigated of the two sectors studied, agri-
culture and energy. However, it does present some potentially useful methods for 
analysing the sectors, describes various tests carried out to assess the applicability 
of the approaches adopted, and presents and discusses the results of these tests. 
Real life is complicated and cannot be fully captured in models and numbers. 
However, models and numbers can provide insights and lessons that can be tested 
and implemented, so that new lessons can be learnt. This thesis provides informa-
tion on potential hotspots in the sectors and optional strategies to reduce these 
problems. Implementation of these strategies would lead to improved efficiency, 
but perhaps also to new problems that could not be foreseen. Food and energy 
are essential for our survival, and should be managed with extreme caution so 
that the necessary resource base is maintained. A conclusion from this work is 
that land use is an especially important area for future research connected to both 
sectors studied, as it is poorly covered in the methods and therefore difficult to 
assess. Land use is of course not one single question, but a complex of many re-
lated issues, one of which is potential future competition for land. Other aspects 
are pollution that may be associated with a certain type of land use, such as nutri-
ent leakage or use of chemicals, and positive or negative impacts on biodiversity. 
In previous studies of environmental issues, use of energy carriers has often been 
employed as an indicator of environmental impacts. This is in many cases a rel-
evant choice of indicator, since most kinds of energy carriers involve some kind 
of impact. Furthermore, energy has been (and still is) relevant from aspects of 
security and resource supply. However, land has a similar function to energy – it 
contributes to both positive and negative environmental effects, and productive 
land areas are essential for production of food, energy and forest products. In the 
light of future increased competition for land, it would be useful to model effects 
from different kinds of land use. Although methods to include land use aspects 
in LCA methodology have been developed (see e.g. Lindeijer, 2000), no method 
has yet been commonly accepted. Thus there is a need for further development 
of methods to assess land use impacts.
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