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“The point of an exercise like this is 

to illustrate possible consequences 

 of taking sustainability seriously.”  
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Abstract 

 

This thesis explores possible future forms of a sustainable food supply system from an energy 

aspect. Particular attention is devoted to local food supply as a means to reduce energy use for 

transport. The thesis consists of a covering essay and three studies: one futures study of the 

entire food supply system and two case studies of local farming. 

 

The results from the three studies had somewhat different characters, but provided 

suggestions on how the food system could be more energy-efficient. The futures study, which 

was on a more comprehensive level than the two case studies, included a full account of 

energy use for the food supply system in Sweden for the year 2000 and an exploration of 

future sustainable energy use in the shape of an image of the future. The two case studies 

provided indications on the potential for reduction in energy use for transport through local 

food supply in the future. 

 

The futures study explored the possibilities of reducing the energy use for food to a level that 

would be sustainable with regard to energy use. This meant generating an image of the future 

where energy use for eating was 60% lower in 2050 than in 2000. Sweden was used as the 

case and all data regarding energy use were for Swedish conditions. The existing possibilities 

to reduce energy used in the food supply system for producing, transporting, storing, cooking 

and eating food were explored and described in terms of a number of distinct, consecutively 

numbered „Changes‟. These changes were presented in both a quantitative and qualitative 

way but should not be regarded as forecasts. Instead, they provide an illustration of the kinds 

of changes needed in order to achieve sustainable energy use in the food system. 

 

The outcome from the two case studies was that energy use for local food distribution was 

not obviously lower than that for conventional food transport. This may be surprising to 

many, since it is generally argued in the public debate that local food supply is a powerful 

means to reduce energy use in the food system. From an energy point of view, it could be 

more relevant to use a parameter based on the energy use per quantity of food instead of 
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transport distance. An appropriate approach would therefore be energy-efficient food supply 

instead of local food supply. This would allow concerned consumers to make appropriate 

choices when purchasing food. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“If we are to set out to reach the targets 

required for sustainability, we need an 

image of a sustainable future so that we 

know what we are aiming for.” 
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Preface 

 

There are currently many positive initiatives to raise public awareness and to help change 

small and large issues. Within the food sector, some of these initiatives take the form of an  

increased interest in organic and locally produced food. This interest is also manifested in a 

growing concern about transport, both personal and freight. The expression of this interest in 

the public debate led me to study this topic in order to identify what changes could be 

possible and whether the topics for debate are leading in the right direction.  

 

This thesis has a focus on the future, or more precisely on how to reduce energy use in the 

future. My driving force in doing this work was twofold. Firstly, I am very interested in food 

and its effects on the human body. Food is a basic need, as one or two days without food 

remind us. Food is also one of the few factors in modern life connecting us to nature and earth 

and this  rare connection is probably the reason behind the current interest in locally produced 

food. Many initiatives for reconnecting the bonds between producers and consumers are 

underway, such as farmers‟ markets and community-based organisations of growers and 

consumers, e.g. Community Supported Agriculture (CSA). My contact with such initiatives 

when starting my research led me to study some initiatives for local food supply.  

 

One interesting observation I made during the course of this work is that food is a topic of 

conversation that concerns people very deeply. Everybody has a special relationship to food. 

Most people are occupied with thoughts of food every day, thinking about what to eat or not 

to eat. My ambition was to contribute, at least to some extent, to such thinking by studying 

the questions of what to eat from an energy point of view. It was not possible to study all the 

interesting questions I had in mind, so I had to concentrate on a few parameters. Nevertheless, 

I hope this thesis will give some readers new ideas or provide them with the inspiration to 

change one or two habits into a more sustainable way of living.  

 

Last year I had the opportunity to meet the native Indian Oren Lyons, who is Faithkeeper for 

the Onandoga Nation, when attending the Tällberg Forum. He made a deep impression on me 

when he spoke about his conception of the world. One of his messages is that we have to act 
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keeping in mind the seven generations to come and to be grateful for the seven generations 

before us. His words were very important for me during the preparation of this thesis.  

 

 

"In our way of life with every decision we make, we 

always keep in mind the Seventh Generation of 

children to come. We never forget them." 

                         - Oren Lyons, Faithkeeper, Onandoga Nation 
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Introduction 

Food production has turned into a system heavily dependent on fossil fuel, at least in the rich 

parts of the world. Before this shift in the last century, mankind depended on scarce but 

renewable energy sources. Today the machinery for agriculture and the production of 

chemical fertilisers, but also that used for processing and transport, are dependent on fossil 

fuel.  

 

Food is one of the basic needs for human survival. In a future with no or scarce supply of 

fossil fuel or with heavy constraints on CO2 release, there will be a call for new ideas 

concerning the food supply system. Mankind has admittedly invented new technology before 

in situations of major change, and today‟s huge amount of knowledge enhances the chance of 

solving a possible impending crisis due to a cut in fossil fuel supply. On the other hand 

civilisations have declined before and there are no guarantees of our civilisation avoiding an 

abrupt downturn. Therefore it is high time to think ahead, before we encounter a situation 

where there will be no more fossil fuel available for food production due to shortages or 

restrictions.  

 

Food has historically mostly been supplied in a local context. However after the Second 

World War, the development of the transport system made it possible to transport large 

amounts of goods over long distances. This promoted changes in production systems in 

favour of large-scale food production (Gullberg et al., 2007, p. 69). 

 

Food was also long produced in a context of interchanging relationships between cities and 

the surrounding countryside. The exchange of goods and ideas and the flow of materials 

between the urban and the rural area no longer exist in the same way. Food production has 

become a global affair and is developing along the same logistical pathways as the production 

system of goods such as clothes, mobile phones and vehicles. Nowadays food from all around 

the world is available all year round in the supermarkets, at least in richer parts of the world.  

 

In reaction to the increased globalisation of food production, there has emerged a growing 

interest in locally supplied food. One of the main arguments is that it entails shorter transport 
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distances and thus less energy use. Other arguments are that it reconnects consumers with the 

production system and that it provides fresher food of better quality.  

 

There are many aspects of the food system regarding sustainability. This study focuses on the 

energy use, one of several parameters by which the environmental impact can be measured. 

Although highly relevant for ecology, parameters such as land use, water use, ecosystem 

services and CO2 release from sources other than fossil energy are not dealt with in this study. 

Furthermore, aspects such as social and cultural issues and economics are not discussed in 

this thesis, although they constitute part of the background to the work. 

 

In the following, the main content of the three papers (I-III) included in this licentiate thesis 

are summarised and set into context. For full details of the respective studies and the results 

obtained, the reader is referred to Papers I-III, which are included as an appendix in this 

thesis. 

 

Aims and methodology 

 

The main aim of this thesis was to explore the possible future structure of a food supply 

system that is sustainable from an energy perspective. Particular interest is devoted to local 

food supply as a means of reducing energy use for transport. The thesis consists of a covering 

essay and three studies: one futures study of the entire food supply system and two case 

studies on local farming. 

 

This covering essay provides the reader with background to the topic by presenting some 

facts about the food system and continues with a summary of the three studies. It ends with a 

discussion of the outcome of the three studies and some concluding remarks. 

 

The first study (Paper I) can be seen as a framework into which the following two studies fit. 

Papers II and III study in more detail one potentially important factor for reduced energy use 

– food transport. They comprise case studies on local food supply carried out in order to 

obtain accurate data on the potential to reduce energy use by local food supply compared with 

the conventional supply system. Figures used in previous studies on energy use for local 
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distribution have mainly been presented as disparate examples, often based on rough 

assumptions on distances and quantities.  

 

Another objective of the present study  was to obtain more knowledge about local food 

supply and to create ideas for the image of the future. Making studies of an existing case 

provides the opportunity to draw conclusions about circumstances and associated issues. The 

two case studies used here (Papers II and III) were chosen because they were existing 

examples of local food distribution in Sweden at the time of this research. Since then, 

however, several other local food supply systems have developed. 

  

The aim and methodology of each paper is briefly described below as an introduction to the 

three papers.  

Eating energy (Paper I) 

The aim of this study was to explore the possibilities of reducing energy use in the food 

supply system. The objective was to generate an image of the future where energy use for 

sustainable eating was defined as being 60% lower in 2050 than in 2000.  

 

The study formed part of a more comprehensive study (HUSUS – Households and Urban 

Structures in Sustainable Cities) looking at six major economic activities in society. These 

activities were eating, housing, working activities, caring, recreational activities, and common 

services. Sweden was used as the case and all data regarding energy use applied for Swedish 

conditions (Gullberg et al. 2007). 

 

In the study, energy use in the food supply system was depicted using data from Gullberg et 

al. (2007) (see Paper 1 for details) and comparing these with values in the literature, mainly 

scientific journals and reports on the Swedish food supply system. The potential to reduce 

energy use within different parts of the system, along with current trends and their potential 

effects on energy use, was explored. An overview of such possibilities was then presented. 

One purpose of making such a systems study is that it is important to compare the potential 

for reducing energy use in transport to potentials in other parts of the food supply system, in 

order to avoid sub-optimising the system. 
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The approach used in Paper I was backcasting. This is an approach that is appropriate „in 

situations where there exists a long-term target […] that does not seem to be fulfilled 

according to ongoing trends‟ (Höjer, 2000, p.13). Backcasting studies can be characterised by 

some specific steps and by the sequence they follow. The first step is to define one or several 

targets that must be reached. In the second step the current situation and developments are 

compared with those targets. The actual backcasting study begins if this comparison indicates 

that the targets will not be reached. In such a case the third and most typical part of 

backcasting is called for – the development of images of the future that achieve the target. In 

a final step, various paths to reach the targets are analysed. An important point with this kind 

of study is that the target is not negotiable. Sometimes the non-negotiability of the target can 

lead to images of the future that do not seem realistic. However, this may be a very important 

conclusion. Such a result indicates that current thinking cannot solve the highly prioritised 

target in step one, and thus something more must be done.  

 

The point of an exercise like this is to illustrate the possible consequences of taking 

sustainability seriously. It may be easier to adopt a rather theoretical target of „stabilising 

greenhouse gas emissions in the atmosphere‟ than to visualise the implications of this and 

then start taking actions towards it. 

 

Paper I provided a description in words of the images of the future, in parallel with an 

illustration in numbers, indicating the magnitude of the changes in comparison with the 

situation today. In scenario studies it is usually recommended that a number of images of the 

future or scenarios be generated. One reason for this is that the use of several images can 

highlight some distinguishing characteristics of the images. This was the case in Gullberg et 

al. (2007), where six different images of the future were generated. These were based on two 

different scenarios for time use and three scenarios for urban settlement. To simplify the 

presentation, only one image of the future is presented in Paper 1, constituting a mix of the 

six images in Gullberg et al. (2007). 

 

An image of the future should not be confused with a prognosis or regarded as a forecast. Its 

justification lies in the objective of creating new options for decision-makers to take action 

and the possibility of creating windows of opportunity in a situation where a potential 

problem has been identified. 
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The farmers’ market study (Paper II) 

The aim of Paper II was to compare the energy use for food transport to a farmers‟ market 

with the energy use for food transport in the conventional food system. The farmers‟ market 

in Stockholm was chosen as a case study. Primary data regarding energy use for food 

transport were collected through data sampling from on-site investigations and compared with 

corresponding data from previous studies of the conventional food system.  

 

The study was carried out at the farmers‟ market at Södermalm, Stockholm, in 2003. The 

market was held on Saturdays from the beginning of August until mid-October. Of the 42 

producers selling at the market, 21 were selected with the aim of obtaining a fair 

representation with respect to distance to farm and products sold. For each of these 21 

producers the following data were collected: distance, fuel consumption and quantity of 

products sold. From these data the energy use for transport was calculated and expressed as 

energy use per kilogram (MJ/kg) of product sold at the market. Only direct energy use was 

calculated. This energy use was then compared with data for energy use in the conventional 

food distribution system by using data from life cycle assessment (LCA) studies.  

 

LCA is a method for investigating energy use and other parameters of a product during its life 

cycle, i.e. „from cradle to grave‟. Ten reports with LCA data covering 35 product cases were 

reviewed to estimate energy use for transport for different products in the conventional food 

production system. The results of these reports were adapted and recalculated to portray the 

food delivered to Stockholm.  

 

The comparison between the data from the farmers‟ market and those from the LCA studies 

was not fair in all respects. In LCA studies, no consideration is given to transport of workers 

or administrative personnel to agricultural plants or industries, or to wholesale dealers or 

retail shops. In this respect, the comparison of transport may therefore disadvantage the 

farmers‟ market because its production methods do not require the same number of staff to 

travel to plants or retail shops. It was not possible to evaluate the magnitude of this source of 

error here.  

 

Another source of error was that the mix of reported LCAs in the study was not representative 

of the relationship between imported and national production for Sweden. In Sweden, 40% of 

food is imported and the proportion is increasing. Swedish LCA studies have focused on 
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Swedish products, so the current supply is not well represented by the studies chosen. 

Therefore the data for conventional transport are probably underestimates. 

 

The Järna study (Paper III) 

The aim of Paper III, as in Paper II, was to investigate a local distribution system from an 

energy perspective and to compare the energy use to that of conventional food transport. The 

study was carried out in Järna, 60 km south of Stockholm. Three different distribution routes 

were analysed; Saltå kvarn, a local bakery producing bread, Järna Odlarring, which 

distributes vegetables, potatoes, other root crops and meat from four local producers in the 

vicinity of Järna, and Järna Mejeri, a local, small-scale dairy producing a variety of dairy 

products. Two situations were studied, distribution in the immediate vicinity of Järna and 

distribution to Stockholm. All products covered by the study were organically produced and 

delivered to shops, schools and other institutional kitchens in Järna and Stockholm.  

 

The case was investigated through sampling from on-site investigations, interviews and 

bookkeeping data recording the amounts of vegetable sold daily. Data collected on the 

transport of these goods included vehicles used, routes taken, distances, amount of products 

transported and fuel used. From these data energy use was calculated as MJ/kg product 

delivered. Only direct energy use was calculated. The results were compared with data for 

transportation of equivalent products in today‟s conventional food system. Data used for the 

conventional system were the same as in the case study of the farmers‟ market (Paper II).  

 

All calculations were based on data for the years 2004 and 2005. The vegetables were 

harvested and sold on the same day, which implied that there was no intermediate storage and 

no losses. The amount collected was therefore assumed to be equivalent to the amount sold. 

Possible on-farm losses were ploughed back into the soil. When appropriate, vegetables and 

meat were co-transported. All transport on public roads was calculated, from the field to 

shops or kitchens. Energy use for agricultural machinery on the fields was not included. The 

total figures for transport to and from the slaughterhouse were included in the transport for 

meat production.  
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The food system in Sweden 

 

The food system and its energy use can be described through four boxes: agriculture, 

processing, trade and households. There is transportation of products and/or waste into and 

out of these boxes (Fig. 1).  

 

 

 

Figure 1. Flow chart showing the different steps in the Swedish food supply system.  

 

The following provides a brief description of the different parts of the Swedish food system. 

For a more detailed presentation, see Paper I and Gullberg et al. (2007).  

Agriculture and fisheries 

Traditionally, Swedish agricultural production consists of milk, grain, potatoes and meat, in 

which Sweden until recently was largely self-sufficient. Since Sweden joined the European 

Union in 1995, the proportion of imported food products has increased considerably. Almost 

40% of the food directly consumed in Sweden today is imported. In addition, a high 

proportion of the materials used for feeding animals are imported and Swedish agriculture is 

currently 80% dependent on imported feedstuffs, mainly soybeans, for farm animal feeds 

(Deutsch, 2004). Sweden is also dependent on imported fossil fuel for agricultural machinery 

and for the manufacture of artificial fertilisers. 

 

Meat, dairy production and fisheries account for the majority of energy use in agriculture. A 

considerable proportion of energy use in farming is due to the use of artificial fertilisers. 

Organic farming thus uses less energy than conventional farming because of the ban on 

artificial fertilisers. The proportion of certified organic farming has increased considerably 

during the past two decades. Energy use for fisheries is mainly in the form of fossil fuel for 

powering fishing boats. As much as 75% of the fish caught are used in animal feed. A smaller 

but still considerable proportion of energy use is for vegetable production in greenhouses.  

 

 

Agriculture  
& fisheries 

 

 

Processing 
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The number of farmers has decreased from more than half the working population in the 

beginning of last century to a few percent in 2000. Most of the Swedish farm holdings today 

constitute part-time farmers – the labour requirement of almost 75% of agricultural holdings 

is less than one full-time employee (Jordbruksverket, 2006). As part of the European 

Common Agricultural Policy (CAP), farmers in Sweden receive subsidies as a means of 

supporting and directing production.  

 

The Swedish market entered into a new situation when Sweden joined the European Union. 

The Swedish market had previously been more or less closed to foreign products, and the 

economic value of Swedish imports of food has doubled since European Union membership. 

About 40% of the imported products are products that cannot be cultivated in Sweden, such 

as wine, coffee, tea, cocoa, some fruits and vegetables and some fish and seafood (Li (a) 

website). The remainder are products that compete with similar domestic products. 

 

Processing industry and packaging 

About 70% of Swedish agricultural products are processed within the food processing 

industry in Sweden. The remainder are products that can be used directly by consumers, as 

animal fodder or exported as raw material, (Li (b) website). The processing industry uses 

energy mainly for heating, cooling and processing. 

 

The food processing industry in Sweden employs about 10% of the people working in 

Swedish industry and contributes about 10% of Swedish production in terms of value. The 

food industry is divided into different branches of which dairies, bakeries and slaughterhouses 

are the dominant three, with together 60% of employees in the sector (Livsmedelssverige (a) 

website).  

 

The rapidly growing internationalisation during recent years has also had a great impact on 

the food processing industry. Since Sweden joined the European Union, the ownership 

structure in the food processing industry has changed markedly. A number of Swedish food 

processing companies have been sold to foreign companies and some foreign companies have 

relocated their Nordic production to Sweden. From a very low level, foreign ownership in 

Sweden has risen to more than 35% of the processing value of the Swedish food industry. In 

terms of the number of food companies, the majority currently have foreign ownership. 
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Looking at the 20 biggest food production companies in Sweden, 14 are owned by foreign 

companies and six by Swedish (Li (d), website). 

 

Until Sweden joined the EU, the Swedish food industry was separated from international 

markets by protective duties. Very few products were exported from Sweden and the Swedish 

food industry was thus operating on a highly national market. The opening up of borders 

within the European Union has led to considerable changes concerning imports and exports 

(Li (a), website). 

 

The internationalisation of production has led to a transfer of industrial food processing to 

other parts of the world where labour costs are lower. One example is fish from Scandinavia, 

which are transported to China to be filleted, transported back to France to be processed and 

then back to Scandinavia for consumption (Aftonbladet, website).  

Trade 

The processing industry sells its produce to wholesalers, who distribute to retailers. In 

Sweden there are four main wholesaler groups; ICA, COOP, Axfood and Bergendahls. The 

three latter have integrated wholesale with a network of retailers in the same company. Each 

group has its own concept, with shops of different sizes adapted to different segments of 

consumers (Livsmedelssverige (b), website).  

 

All four wholesalers have their own distribution centres spread over the country 

(Livsmedelssverige (b), (d), websites). During the past decade, the number of distribution 

centres has decreased, which has led to centralisation of the distribution system.  

 

The ordering routines from the retailers and the distribution from the wholesalers have 

become increasingly well organised. The time span from ordering to the shelf in the shop has 

decreased as a result of information technology and „just-in-time‟ management. For instance, 

ordering systems connected to cash register devices in shops enable retailers to have almost 

exact knowledge of what is sold, and to order new products on a daily basis. As a 

consequence, most shops and supermarkets receive a large number of deliveries by lorry 

every day. Wholesalers generally have their own distribution vehicle with their logotype as 

part of their branding. The vehicle thus serves as advertising space as well as transport. 
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Swedish food exports consist mainly of alcoholic beverages, processed coffee, baked goods 

and cooking fat, and constitute about 65% (in economic value) of processed products. Several 

transnational countries have Sweden as their base for production and sales to the Nordic and 

Baltic markets (Li (a), website). Sweden is considered to be over-established with shops 

(Livsmedelssverige (b), website), has the highest per capita density of shopping malls in 

Europe and is generally considered less interesting for foreign investors as a market for new 

shopping malls (SvD, website).  

 

There is a global trade in agricultural products, with several transnational companies 

operating on the market, most of them US-based companies. Examples of such companies are 

Cargill, Archer Daniels Midland (ADM), ConAgra and Tyson Food. In Sweden the largest 

company is Lantmännen, which is a cooperative organisation owned by Swedish farmers. 

Households  

Most of the food eaten by Swedish people is prepared and consumed in private homes, 

although a growing proportion of meals in Sweden are professionally prepared in institutional 

kitchens  

 

About one-third of institutional kitchens are within local or national authorities and the rest 

are privately owned companies, restaurants or catering firms. The amount of children eating 

at school is higher in Sweden than in other countries due to wide provision of free lunches at 

school. Most people eat at least one meal a day outside their home, for instance in schools, 

daycare centres and work canteens. This makes institutional kitchens a potential important 

actor regarding institutional changes  

 

Food habits have changed considerably over the past fifty years, with a trend towards more 

processed food products. For instance, the consumption of frozen food products increased by 

5-6% per year between 1995 and 2005, while consumption of other products increased by 

only 1-2% per year (Li (d), website). In addition to food consumption habits changing, 

Swedes are also eating more food than ever before. The average food intake for Swedes 

expressed as energy intake per year has increased by 6% since 1960, from 11 800 kJ/year at 

that time to 12 500 kJ/year in 2003. On average, Swedes eat about 580 kg food per year, or in 

total about 50 tonnes in a lifetime (Livsmedelssverige (e), website). 
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In contrast to other consumer products such as home electronics or clothes, food consumption 

is limited by what people can eat. The possibilities for expansion in the food market therefore 

lie in increased consumption of processed or refined food.  

 

The most remarkable change has been the increase in consumption of foods with little or no 

nutritional content, such as sweets and soft drinks, ice-cream, crisps and chips 

(Livsmedelssverige (f), website). Such products, often referred to as empty calories, 

constitute as much as 40% of household expenditure on food (Naturskyddsföreningen, 

website). These products also account for a substantial proportion of energy use for food.  

 

At the same time as the consumption of food (especially processed food) and the proportion 

of empty calories has increased, household expenditure on food has decreased in relative 

terms in recent decades. In 1950 more than 30% of total household expenditure went on food 

and alcohol-free beverages. In 2004, this proportion was only 12%. In addition to buying 

food, households now spend 4.4% of their expenditure on restaurants and cafés, a proportion 

that seems to be increasing (Livsmedelssverige (e), Li (d), websites). 

 

Some changes in food habits are improving public health, such as higher consumption of fruit 

and vegetables, but others are contributing to malnutrition in various ways. The number of 

people in Sweden with severe overweight or obesity has doubled in the past 20 years. It 

appears that eating habits that are beneficial from an environmental point of view are also 

beneficial from a health perspective. (Naturskyddsföreningen, website). 

 

A significant change compared with some decades ago is the increasing amount of food 

waste. A British study found that as much as one-third of the food bought by consumers is 

thrown away. About 60% of this is avoidable and could have been eaten if it had been 

managed better. Another 20% is „possibly avoidable‟, which means that it could be eaten if 

food were to be prepared in certain ways (WRAP, 2008). Previous studies are more 

conservative and suggest that waste comprises about one-fifth of the food produced 

(Engström & Carlsson-Kanyama, 2004). 
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Transport 

The technology in the transport system has gone through an explosive development during 

the 20
th

 century and has made it possible to transport large amounts of food over long 

distances (Gullberg et al., 2007, p. 67 and p. 95). Goods are today being transported further 

and more frequently than ever before, leading to an absolute increase in tonne-kilometres. 

Together with the opening of economic markets and the creation of the European Union, food 

trade has thus become global to an extent never seen before. 

 

To meet consumers‟ desire for a great variety of food products all the year around, food is 

transported from all parts of the world. Some food products, for instance fresh vegetables, are 

transported by air to keep them fresh. Consumer food habits seem to have changed in Sweden 

during recent decades, with eating traditions from all over the world developing into everyday 

food habits. Asian, Mexican and Italian food products, which were hardly known to the 

average consumer some decades ago, are today sold as a basic range in most grocery shops in 

Sweden.  

 

The structure of retail shops has changed dramatically in recent decades. At the same time as 

urban sprawl has increased, the establishment of shopping malls and supermarkets easily 

accessed by cars has also increased. This has led to a higher dependence on private cars for 

food shopping. These two trends, the trend of increased urban sprawl and the trend of 

increased dependence on private cars for shopping, seem to reinforce each other. This has led 

to the development of an urban infrastructure that presupposes that consumers use their 

private cars to purchase food. As the life-span for urban infrastructure is very long, this also 

creates a dependence on cars for a long time to come.  

 

Energy use for transport depends not only on the distance food is transported, but also on the 

mode of transport and the load. Food can be transported by train, road (lorries or cars), ship 

and air. Each of these transport modes uses different quantities of energy and each can be 

loaded with different quantities of goods. The volume of goods transported is measured in 

tonne-kilometres and is usually referred to as transport volume.  

 

To illustrate how much energy use for transport is dependent not only on distance but also on 

transport mode, we can consider the example of energy use for food transport involved in 

travelling by private car to a shopping centre 5 km away and back home (in total 10 km) to 
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buy a total of 25 kg food (two shopping bags). The energy use per kilogram food for this is 

equivalent to that for transporting a heavy articulated lorry (40 tonne payload) of food from 

Amsterdam in the Netherlands to Stockholm and then back empty.  

 

Energy use in the food system 

There are several estimates of energy use in the Swedish food supply system. Gullberg et al. 

(2007) estimate this energy use to be 12% of total Swedish energy use, or about 40 

TWh/year. Their results are presented in more detail in Figure 2.  

 

As can be seen from Figure 2, Trade and Transport each use about 10% of energy, while the 

other three parts each use approximately 20%. For details about the calculation method, see 

Paper I. 
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Figure 2. Proportion of energy (%) used in the different stages of the food supply system (see 

Paper I for details). 

 

 

Energy use for production of meat, dairy products and fish accounts for the majority of 

energy use for Agriculture and fisheries. Almost half of the energy used in Industry is for 

packaging. The majority of the energy used in Trade is for heating commercial premises and 

for electricity for light and cooling devices (freezers and refrigerators).  

 

Energy use in Households is distributed between cooking (3.3 TWh), cooling devices (2.4 

TWh) and washing-up (2.8 TWh) (Konsumentverket, 2003; Table 1). 
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The energy use for Transport can be divided into two main categories, freight transport (from 

production site to shops) and private transport (from shops to the home). Data in Paper 1 

indicate that energy use for food shopping by private cars comprises 40% of the energy used 

for transport. The remaining 60% comprises freight transport, including distribution transport 

(Gullberg et al., 2007, p. 182).  

 

Food production contributes to climate change not only with emissions from fossil fuels, but 

also with emission of greenhouse gases (GHG) such as methane from animal breeding and 

rice production and CO2 released when cultivating land. According to the FAO, meat 

production contributes as much as 18% of GHG (FAO, 2006). However, these emissions 

were not considered here, since the focus was on energy use.  

 

Facing the energy future  

 

Predicting the future has always fascinated people. Visions, prophecies and predictions have 

accompanied the development of the human race. Today‟s great concern about the future is 

very much about energy use and climate change. After the publication of the Stern report 

(Stern, 2007), there seems to be a high degree of consensus about the urgency of acting, and 

with the awarding of the Nobel peace prize to Al Gore and IPCC, the existence of global 

warming is widely acknowledged. 

 

According to the International Panel on Climate Change (IPCC), there is a need to decrease 

the use of fossil fuels globally by at least 50% by the year 2050 (IPCC, 2007). The United 

Nations Development Programme (UNDP) points out that 80% of this decrease would have 

to be in the developed countries because of the uneven distribution of energy use between 

developing and developed countries. According to the IPCC, the trend that emissions are 

increasing has to turn within 15 years, which is referred to as the window of opportunity, 

(IPCC, 2007).  The UNDP estimates that the time span is shorter and they state that the 

window of opportunity will close in about 10 years (UNDP, 2007). 

 

The important message is that we will have to go through considerable changes in order to 

meet the threat of irreversible climate change. A 50-80% reduction in CO2 emissions by 2050 
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will have a significant impact on our way of living. In order to cope with such huge changes, 

we should probably start acting now. The year 2050 is far enough ahead to give us time to 

introduce significant changes and it is close enough for many of today‟s young people to 

personally experience this future.  

 

The reduction in CO2 emissions has to be achieved through a number of different changes, as 

there is no one-solution feasible change known at the moment. The IPCC suggests a variety 

of solutions (IPCC, 2007). In the food supply system, the major challenges are: decreasing 

methane from meat and rice production and substituting fossil fuel used for transport, 

machinery and fertilisers. In addition, there is a need to substitute the fossil fuel used to 

produce the electricity needed in the food system. Such challenges demand a major shift in 

the way we maintain our societies and how we feed ourselves. They also demand major 

innovations and technical developments and probably some rethinking of our values.  

 

In this thesis, the concern is on energy use rather than CO2 emissions. The reason for this is 

that renewable energy resources are still limited and therefore more or less fossil-free energy 

use will most likely involve a low-energy society.  

 

There seems to have been a considerable change in people‟s awareness of the challenges of 

climate change and their willingness to act during recent years. Despite this, the huge changes 

needed in society will most probably not occur by themselves and certainly not without 

conflicts or clashes. Therefore, along with technological development and policy measures, 

there will most probably be a need for democratic processes that allow people to adapt and 

shape their lives in accordance with the measures and goals that seem to be required.  

 

Although fundamental and very interesting, the questions of how changes occur, the barriers 

and obstacles to implementing changes and the best ways of achieving the sustainability goals 

are not within the scope of this thesis. However, the thesis takes a first step towards looking 

forward some decades into the future in order to find some indications of the paths we could 

choose and what the important choices may be.  
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Results 

 

The results of Papers I-III, although they had different characters, were all aimed at providing 

suggestions on how the food system could be more energy-efficient. The futures study (Paper 

I) was on a more comprehensive level than the two case studies (Papers II and III). It included 

a full account of energy use for the food supply system in Sweden in 2000 and an exploration 

of future sustainable energy use in the shape of an image of the future. The two case studies 

provided indications of the potential for reductions in energy use for transport through local 

food supply in the future. 

 

Eating energy (Paper I) 

Energy use in the Swedish food supply system was depicted and compared with values 

reported in other studies of the Swedish food system (Table 1). The energy use was found to 

be about 42 TWh or 12% of total energy use in Sweden, based on data for 2000. 

Table 1. Energy use (TWh) in the Swedish food supply system (see Paper 1)  

 

 

Agriculture 
and 

fisheries 

  

Food 
industry  

 
Packaging 

 
Trade 

 
Transport 

 

 

Other 
branches of 

industry 
  

Household 
electricity 

  
Total 

 
 

TWh 6.5 5.3 4.3 4.7 4.9 7.6 8.5 42 

Share 16% 13% 10% 11% 12% 18% 20% 100% 

 

Paper I provided estimates of the current energy use within each part of the system, together 

with comments about current trends. The potential to reduce energy use in the food system 

was described in terms of fourteen distinct „Changes‟ (Table 2). These changes were chosen 

on the basis of extensive literature studies, and those with the apparently greatest potential 

were selected. The changes were categorised into direct changes and indirect changes for 

reasons of calculation methodology. Direct changes are changes that have energy-reducing 

effects on only one specific part of the system, whereas indirect changes have effects on the 

whole system. An example of the latter is changes in consumer behaviour. An estimation of 

the potential for energy reduction by different actions revealed that the target for the study – 
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reducing energy use by 60% by 2050 – was rather tough. Therefore the number of changes 

needed and the degree of each change proved to be high (Table 2). 

Table 2. Changes needed in the food supply chain and an estimation of their potential effect on 
energy reduction and the part of the system affected. For more details see Paper I 

 

CHANGE  % 

 

Part of the food system 
affected (and energy use in 
2000 for that part) 

Direct changes 
 

Change 1 
 

Technological developments in 
agriculture 
 

 

35  
 

All agriculture  
(6.5 TWh) 

Change 2 Energy-optimised agriculture – 
converting to organic production  
 

30  As change 1 

Change 3 Energy-efficient technology in food 
processing 
 

35  All food industry+packaging  
(9.6 TWh) 

Change 4 Efficient use of energy in buildings and 
for cooling devices. 
 

50  All trade  
(4.7 TWh) 

Change 5 Energy-efficient technology for cooking 
and storing devices 
 

50  Electricity in households  
(8,4 TWh) 

Change 6 New technology for cooking and 
storing food 
 

15  As change 5, but excluding 
dishwashing  (6 TWh) 

Change 7 Changes in cooking habits 
 

15  As change 5 

Change 8 Energy-efficient vehicles and logistics 
 

50-85 Transport  (4.9 TWh) 

Change 9 Increased e-commerce and direct 
delivery 
 

40  Transport to households  
(2.0 TWh) 

Change 10 Transport-efficient food production; 
Local food production/urban 
agriculture. 

35  As change 8 

 

Indirect changes 
 

Change 11 
 

Eating less meat from intensive 
breading 
 

 

30  
 

All meat (3.4 TWh) 

Change 12 Eating more seasonal products 
 

20  All fruit and vegetables  (3.8 TWh) 

Change 13 Eating less energy-demanding 
products 

5 Everything except home transport 
and household equipment  
(29.5 TWh)  

 
Change 14 Reducing waste 

 
10  Everything except household 

equipment  
(32.1 TWh) 
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The magnitude of these changes was chosen to meet the overall target of 60% reduction in 

energy use by 2050. In Paper I, the changes are also described in words as an Image of the 

future presenting these changes from the perspective of the year 2050 and describing what 

has happened during the past fifty years, i.e. between the year 2000 and 2050.  

 

The Image of the Future  

The main features of the image of the future is that technological development by then (2050) 

has been of great importance, and that the focus has been on energy-reducing measures. All 

parts of the food supply system are thus served by a technology that is much more energy-

efficient than in the beginning of the 21
st
 century. The notion of organic production has lost 

its meaning, since non-organic production does not exist any more. Local farmers and 

allotment gardens produce a substantial proportion of basic food products.  

 

With a higher demand for labour in food production, more people live in areas close to farms 

and plantations, i.e. a clear shift from the urbanisation of the 20
th

 century. Farming has also 

changed through a shift from intensive production of beef and dairy products to specialisation 

in production of cereals and leguminous plants for direct consumption and, to some extent, 

production of beef from grazing cattle and lamb from grazing sheep. Sharper competition for 

land between food, bio-energy and production of raw materials also influences the conditions 

for farming.  

 

Industrial food processing is concentrated to products that are more energy-efficient to 

produce at large scale than in small quantities. In general, there is an awareness regarding 

how to treat food in a resource-saving way. This is knowledge that is taught in schools and 

reinforced in the home. Food menus are based to a substantial degree on legumes and 

unrefined and fresh seasonal products, and new cooking traditions have developed. Exotic 

fruits and vegetables are served only on special occasions. A blend of new and old 

technologies for storing food has been developed.  

 

The amount of food that is wasted is reduced through more thoughtful planning of meals and 

a higher knowledge and willingness to make use of leftovers after a meal. There are special  
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shared premises for food preparation in some housing areas. These are well equipped with 

energy-efficient technology for cooking and storage of food. These facilities also serve as a 

shared place to prepare meals and for eating and storing. E-commerce is the basis for 

purchasing food products. Home-delivery of everyday commodities and a better local service 

make it easy for many people in cities to do without a car of their own. The high volume of e-

commerce, not only for food, has made it possible to improve distribution by coordinating 

delivery of various products.  

The farmers’ market study (Paper II) 

The average distance for transport to the farmers‟ market (FOM) was 100 km. This can be 

compared with the transport distances in conventional food trade, which can be anything from 

about 700 up to 24 000 km. Most producers brought their products to the farmers‟ market in 

their own small vehicles (private cars or parcel delivery vehicles). The quantity of goods sold 

at the market was 60-1 200 kg per producer and day. The products that were not sold were 

transported back to the farm on the return trip. Long distance transport typically carries 26-40 

tonnes of goods, regional transport 14 tonnes and local distribution service 1.4-8.5 tonnes. 

Energy efficiency in transport to the farmers‟ market was somewhere between that of a light 

lorry and that of a parcel delivery vehicle in conventional food distribution.  

 

The energy use for transport – expressed as MJ/ kg – for products at the market was 

compared with that of similar products in the conventional food trade. This value, here called 

energy intensity, was within the range  0.5-5 MJ/kg, with two extreme values of 13 and 17 

MJ/kg. The mean value was 2.8 MJ/kg and the median value was 1.2 MJ/kg. In conventional 

food trade the energy intensity was in the range  1-10 MJ/kg, except for products transported 

by air (50 MJ/kg). However, one must bear in mind that many products in a conventional 

food shop are often domestic food products more or less regionally produced, such as milk 

and potatoes, entailing energy intensities between 1-2 MJ/kg. At the farmers‟ market, three 

out of four producers had an energy intensity use below that level. Energy use for transport of 

four groups of products sold at the farmers‟ market is compared to data from LCA studies for 

conventional supply in Table 3. 



 30 

 

Table 3. Energy use (MJ/kg) for transport of four groups of products sold at the farmers´ 
market compared with data in conventional food supply  

 
 

Product, MJ/kg 

 

Farmers’ market 

 

Conventional 

  Land transport Air transport 

Bread/flour/grains 2.2 0.8-3.8  

Meat/cheese 11.8 0.45-9  

Fruit/Vegetables 1.2 0.8-10.1 50 

Preserved products 1.4 2-5.7  

  

All in all, looking at the overall range of energy use for transport there was not a great 

difference between the farmers‟ market and the conventional food trade, except for the case 

of air-freighted food. For vegetables and fruits there was nevertheless a considerable 

difference, although such production is limited to a short season in Sweden. For meat and 

cheese, on the other hand, transportation seemed to be less energy-efficient at the farmers‟ 

market than in the conventional food trade. The reason for this is that these products were 

transported in smaller quantities, probably due to the fact they have a higher economic value 

per kilogram and therefore it pays for local farmers to transport these products longer 

distances and in smaller quantities, resulting in a higher energy intensity.  

 

There are clearly possibilities to improve the transportation system for the farmers‟ market 

from an energy point of view. Producers could cooperate in bringing their goods to the 

market, do more to fill their vehicles, etc.  
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The Järna study (Paper III) 

In the Järna study, three distribution routes for organic produce were analysed, Saltå kvarn 

(mill and bakery), Järna Odlarring (a local farmers‟ cooperative) and Järna Mejeri (a farm-

size dairy).   

 

Saltå kvarn 

The grain, in total 500 tonnes during 2004, was bought from farms in the vicinity of Järna and 

transported 3-5 km by tractor to a silo at the Saltå kvarn mill for drying and then by truck to a 

storage site 42 km away (84 km round-trip). The bread was baked in the bakery at Saltå 

kvarn. Some of the ingredients in the bread, such as dried fruit and seeds, were transported 

long distances, e.g. from Turkey. The fresh bread was delivered to two local shops in Järna (8 

km round-trip), with about 55 kg bread (100 loaves) on each occasion. Deliveries to 

Stockholm were made five days a week, with about 720 kg bread (1200 loaves) on each 

occasion. Each trip was in total 150 km.  

 

Energy use for transport of bread in Järna was 1.2 MJ/kg and for the trip to Stockholm 1.5 

MJ/kg. The energy use consisted of several parts, from the farm to the mill for drying (0.01 

MJ/kg bread), storage (0.026 MJ/kg), and ingredients from Turkey (0.35 MJ/kg). Overall 

energy use for the ingredients was about 0.4 MJ/kg bread. Bread delivery used 0.78 MJ/kg 

bread in Järna and 1.12 MJ/kg bread to Stockholm. One possibility to reduce energy use for 

transport would be to only use local ingredients and to build a local grain store (reduction of 

about 0.3 MJ/kg bread). Another possibility would be to drive with fully loaded vehicles, 

which would require new sales channels. The energy use can be compared with that for 

transport of bread in the conventional food system, which was shown by the LCA studies to 

be 1.0-3.8 MJ/kg bread.  

 

Järna Odlarring 

Järna Odlarring delivered meat and vegetables on fixed delivery routes twice a week. They 

delivered beef in closed vacuum-sealed packaging, which can be transported in the same 

vehicle as the vegetables. The lamb was not vacuum-packaged and had to be transported 

separately. 
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Meat 

Livestock were collected every other week from farms around Järna and transported to a 

small slaughterhouse in Stigtomta, 65 km away. There were about 2-4 cattle, and in autumn 

about 10 lambs, per transport in an animal transport lorry of the smallest size, which can take 

up to 13 cattle or 50 lambs. The meat was transported back to Järna every other week by van. 

About 12 tonnes of meat were delivered per year or about 500 kg per delivery trip. Energy 

use for transport to the slaughterhouse was 4.4 MJ/kg meat and transport of meat back to 

Järna was 1.1 MJ/kg meat – making a total of 5.5 MJ/kg meat. Delivery of meat in Järna used 

0.45 MJ/kg and to Stockholm 5.6 MJ/kg, making total of 6.0 MJ/kg meat for delivery in Järna 

and 11.1 MJ/kg for delivery to Stockholm. The potential for reducing energy use clearly lies 

in the transport to the slaughterhouse. The delivery to Stockholm could be more energy-

efficient if the vehicle were fully loaded. These figures can be compared with transport of 

meat in the conventional food system, where LCA studies show 0.45-5.7 MJ/kg. 

 

Vegetables  

Deliveries of vegetables and root crops started in May and ended in the last week of October. 

Vegetables were collected on the farm and delivered on the same day, so no storage was 

needed. A total of 21500 kg were delivered in the study period. Energy use for vegetables 

was 0.3 MJ/kg for distribution in Järna and 5.9 MJ/kg for delivery to Stockholm. These 

figures can be compared with transport of vegetables in the conventional food system. LCA 

studies show 0.8-1.5 MJ/kg for vegetables within Sweden, 1.2-3.9 for vegetables within 

Europe and 5.6-7.7 for apples from New Zealand. Tomatoes transported by air flight use as 

much as 50 MJ/kg.  

 

Järna Mejeri 

The milk was collected every second day, on average 1800 litres on each occasion, at two 

farms in Järna and the round trip was 9 km. Milk and dairy products were delivered in Järna 

and to Stockholm. The distance in Järna was about 50 km and the quantity about 500 kg. The 

route to Stockholm was 195 km and the delivery amount was 585 kg. Energy use for milk and 

dairy products was 0.32 MJ/kg for distribution in Järna and 1.4 MJ/kg for delivery to  
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Stockholm. These figures can be compared with transport of dairy products in the 

conventional food system, where LCA studies show 1.7-9 MJ/kg.  

 

Energy use for transport of four groups of products in the case of Järna is compared with data 

from LCA studies for conventional supply in Table 4. 

 

Table 4. Energy use ( MJ/kg) for transport of four groups of products in the Järna study 
compared with data for conventional food supply  

 

Product Järna Conventional 

 Järna local  To Stockholm Land transport Air transport 

Bread 1.2 1.5 1.0-3.8  

Meat 6.0 11.1 0.45-5.7  

Vegetables 5.9 5.9 0.8-7.7 50 

Dairy 0.32 1.4 1.7-9  

 

This comparison is not quite representative because the LCA data for conventional transport 

are generally only valid for transport from the production site to a distribution centre. The 

distribution transport to the supermarkets or shops is not always accounted for, while the 

transport from the shops to the restaurants or households is generally not included. For a fair 

comparison, the data for conventional transport in the case of Järna would also have to 

include the actual distribution transport to the institution or restaurant. This would also 

account for the distribution to restaurants and institutions in Stockholm, but not to the shops.  

 

Energy use for transport in the Järna case was within the same range as for the farmers‟ 

market and for conventional surface transport. A potential method for decreasing energy use 

for local transport would be to fill the distribution vehicles with more goods. This would 

require better sales channels, especially on the trips to Stockholm. Another important 

potential for reducing energy in the case of Järna would appear to be livestock transportation, 

which is very inefficient and could either be improved or the regulations for on-farm 

slaughter could be changed. 
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Discussion and conclusions 

 

Local food is often promoted using the argument of shorter distances and fewer „food miles‟. 

This argument is usually not very well analysed. The two case studies on local food 

distribution presented here show that local food supply is not a very powerful solution to 

reduce energy use in today‟s food supply system. This raises the question of whether and how 

it could become more energy-efficient, as summarised in (1) below.   

 

Different kinds of potentials to reduce energy use in the food supply system were studied in 

the image of the future. The benefits of using the technique of images of the future and what 

such images can tell us are discussed in (2) below. 

 

If the arguments for local food supply were to be scrutinised, it would probably be found that 

the argument of short distances masks other arguments. These arguments may consist of 

quality parameters such as freshness, taste and higher nutritional value, or of socio-cultural 

parameters such as trust towards the producers, meaningfulness, environmental support, local 

and cultural support, and patriotism. Some personal reflections on this subject and reflections 

on locality versus globality are given in (3) below. 

 

1  Does local food supply involve less transport energy? 

 

The outcome from the two case studies was that energy use for local food distribution was not 

obviously lower than that for conventional food transport. This may be surprising to many, 

since it is generally argued in the public debate that local food supply is a powerful means to 

reduce energy use in the food system. 

 

When discussing whether a local food supply may be a way to decrease energy use for 

transport in the food supply system, there is a need to define what is meant by local, regional 

and global. In the public debate this problem is often referred to in terms of food miles. 

Although energy use is not solely dependent on transport distance, to be energy efficient it is 

crucial that food is transported with a high degree of load and in fuel-efficient vehicles.  
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The energy use for transport is dependent on three factors: i) the distance, ii) the size of the 

payload, and iii) the fuel efficiency of the vehicle. The reason why local food transport in the 

case studies was not much more energy-efficient, despite the shorter distance, was that small 

amount of goods were being transported. In long-distance road transport, huge amounts of 

food are transported in vehicles using only three or four times more fuel per kilometre than a 

distribution van. Even if goods are transported long distances, the resulting energy use per 

kilogram can be about the same as for a short distance in distribution vans.  

 

The concept of local may be different for different products. At the farmers‟ market in 

Stockholm, the limit for local produce is defined to 250 km. For producers who only have 

small amounts to transport, such as cheese or meat, this is a long distance, contributing to 

high energy use per kilogram product transported. From an energy point of view it could be 

more relevant to determine a limit based on the energy use per quantity of food. An 

appropriate concept would therefore be energy-efficient food supply instead of local food 

supply. Consequently there is a need for more detailed data on energy use for different 

products and for different kinds of food supply in order to improve energy efficiency in food 

transport. This would help concerned consumers make appropriate choices when purchasing 

food.  

 

There are some methodological aspects of this study that are worth pointing out. Data 

representing conventional transport were taken from existing LCA studies on food products 

comparable with those in the case studies. Some of these LCA studies had rough assumptions 

about transport distances. Therefore the results from some of the LCA studies should be 

regarded as examples of the range of energy use for conventional transport. In order to draw 

more far-reaching conclusions, there is a need for better knowledge about energy use for 

different products in the conventional system. 

 

In the LCA studies, transport for employees travelling to and from the production plant, 

distribution centres and shops was not included. In the case of local food supply, this 

transport was included in the system by the farmers going to the market place with their 

produce and by the farmers living on the production site. The magnitude of this fraction of 

energy use is not known. However, from data produced by Åkerman and Höjer (2006), it can 

be concluded that the average commute energy per day is about 10-15 kWh or less than 50 
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MJ. This means that if food sales comprise more than 500 kg per employee and day, this 

energy does not make a significant difference. 

 

Another aspect that might have contributed to making the comparison unfair is that the 

farmers‟ market could be regarded as a fair or a showroom where the farmers would perhaps 

choose more energy-efficient distribution systems for their produce. One of the key concepts 

of the farmers‟ market is to be a meeting place between producers and consumers in order to 

create learning opportunities and improve confidence in food production. 

 

Such observations raise questions regarding the potential to make local food distribution more 

energy-efficient and whether it could become significantly more energy-efficient than the 

conventional supply system if circumstances were adapted to local supply.  

 

The results from the two case studies show that the variation in transport energy was roughly 

in the range of 1 to 10 MJ/kg product (see Table 5). Both local and conventional transport had 

a variation within this range with some exceptions, the most striking being that air freight 

used about 50 MJ/kg product. The best performers used about 0.30 MJ/kg (dairy and 

vegetables) in local supply and 0.45 (meat) in conventional supply. 

 

 

Table 5. Comparison of distances (km), energy efficiency (MJ/tonnes-km) and transport energy 
for food (MJ/kg) for the farmers´ market, Järna and the conventional system.  

 

 
 

Farmers’ 
market 

 

 

Järna 
 

Conventional 
system 

Distance in km 15-250 4-150 700-24000 

Energy efficiency in 

vehicles, MJ/tonnes-km 

2.4-65 -- 0.4-12.5 

Transport energy per kg 

product, MJ/kg 

0.2-17 -- 0.45-10.1 

 

One conclusion is that there may be a considerable potential in both systems to improve 

efficiency, for instance by consistently choosing the most energy-efficient products. There is 

certainly also a potential in both systems through developing technology, organisation and 

logistics. 
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The most important change to make local food transport more energy-efficient would be to 

drive with fully loaded vehicles. To implement this, there is a need to improve the sales 

channels for local producers. This could be done by increasing the amount of shops and 

supermarkets selling local produce; by creating direct contacts between producers and 

institutional kitchens and restaurants; and by increasing the contact between producers and 

consumers, using the internet and direct delivery. Another way would be to develop 

distribution systems adapted to local food supply. Developing new systems of local small-

scale transport based on co-transport and route planning could achieve this. Alternatively, 

local transport could be integrated with conventional large-scale and long-distance transport. 

 

A second important change to make local food transport more energy-efficient would be to 

make some changes in the sets of rules and regulations concerning transport. Such rules and 

regulations concern public procurement of food by institutional kitchens in the public sector 

such as those at schools, hospitals and work places. A project in Borlänge in Sweden has 

succeeded in this by separating the purchase of transport from the purchase of food 

(Dahlberg-Sundling, 2007). The case study of Järna shows that changes in regulations may 

also be called for regarding animal transport from farm to slaughterhouse or slaughter on the 

farm. The case study of the farmers‟ market shows that the rules of the market may contribute 

to additional transport because the producers must be at the market to sell their produce. This 

means that they cannot hire somebody living close to the market for the selling, so the 

transport becomes both personnel and freight transport at the same time. If another kind of 

market was introduced for small-scale farming, farmers would have the option not to go to 

the market themselves and some of them could use more efficient ways of transport. The 

produce not sold at the market could be stored at a storage site in the vicinity of the market 

place and sold later. This would require the development of additional sales channels such as 

farmers‟ shops or restaurants to increase the outlets for the products.  

 

A third way to increase energy efficiency is development in technology and organisation. 

Some of the high energy use at the farmers‟ market was caused by the use of old vehicles 

with high fuel consumption. Improvements would be easy – just by using modern vehicles 

with better fuel economy. In fact, some producers invested in newer and more fuel-efficient 

vehicles the year after this study was carried out. In addition to improvements in vehicles and 

fuel technology, improvements in adapting distribution systems for local supply are required. 
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Such improvements could include better energy efficiency, biofuels from waste products at 

the farm, recyclable packaging material suitable for small-scale transport, small-scale storage 

spaces, co-distribution schemes for small-scale farmers, co-distribution schemes to integrate 

local food distribution with large-scale transport systems, etc. They could also include the 

development of new kinds of services such as box delivery schemes, direct delivery and co-

operation schemes, e.g. farmer-consumer initiatives such as Consumer Supported Agriculture, 

CSA. 

 

The two case studies imply that local food supply should be regarded as an immature system 

in the initial phases of its development. Therefore, the comparison with the conventional 

system might be unreasonably negative for the local alternative, and it is difficult to judge 

what the findings would be if the system was mature.  

 

2 What can images of the future tell us about the future food system? 

 

The starting point for the backcasting study was to see how the goal of reducing energy use 

by 60% in the future food supply system could be met. The different components of today‟s 

food system were isolated and current trends were explored to find potentials of energy 

reduction. Thus the study did not have the intention of predicting the future or of making 

informed guesses about what will happen. Instead, it involved visualisation of the choices we 

could make today in order to reduce energy use for eating.  

 

The study aimed to provide a holistic perspective on energy use in the food system. The 

initial question of the potential of local food supply to reduce energy use in the food system 

proved less fundamental at an early stage of the research. Studies published during the time of 

this research showed that menu choices, cooking habits and agricultural and processing 

methods were at least as important as transport issues (Carlsson-Kanyama & Broström-

Carlsson, 2001, Engstöm, 2006, SEPA, 2003). Research in recent years has also shown that 

apart from energy use, the production of the greenhouse gas methane from land use and 

animal breeding is of great importance for climate change (FAO, 2006). This makes energy 

use for transport relatively less important than what was generally assumed initially in this 

study. However, transport is of fundamental importance for contemporary food production. In 

a future with restricted energy use, food supply will be one of the most essential human 

necessities to safeguard in order to ensure the survival and well-being of the population. In 
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this perspective it may still be interesting to consider the possible advantages of local food 

supply. Due to such reasons, local food supply and urban agriculture still have a significant 

role to play in the image of the future presented in Paper I. 

 

There is an obvious methodological problem with this kind of study because events have not 

yet happened and therefore cannot be studied in the same way as current or historical 

situations. Therefore there is a need for techniques such as images of the future. When 

preparing such images it is of vital importance to be able to imagine things that are „of  the 

imagination‟. One way to do this is to look for current trends; another is to try to rediscover 

technology that was forgotten when energy became abundant and thus „convert‟ past 

situations to the present time. In making the image of the future I tried both ways. Some of 

the choices of possible changes may seem naïve or unrealistic, but they were not meant to be 

a prediction of what will happen. The case was intended to be an illustration that changes are 

possible and that things will probably not be as we think. In some ways, it may transpire that 

the image of the future was not at all radical compared with what actually happened. A look 

at the year 2050 would most probably be a surprise to us if we could experience it today. 

Some illustrative examples on how much things can change in 50 years are given in 

Pettersson (2008), where the environmental situation in Stockholm is described at five 

different points in time – 1850, 1900, 1950, 2000 and 2050. 

 

In making scenario studies, of which images of the future form part, it is important to be 

conscious of this methodological problem and to try to think broadly. In this study there were  

some ideas I chose not to elaborate upon, while with some ideas I perhaps expanded further 

than I originally intended. I hope that this exercise can give some readers new ideas or 

insights, that this study can be used as a inspiration for a discussion and that some new ideas 

supporting sustainable development may come out of it. 

 

3  Some reflections  

 

This research focused on energy use and thus left important complexes of problems outside; 

such as health, social justice and ecosystems. The question is whether there are other benefits 

of a local food supply system than short distances? 
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As stated in the beginning of this thesis, food is more than just nutritional intake. It also has 

social and cultural connotations. In Germanic languages the construction of the word food 

indicates that it is intrinsically tied to life; Lebensmittel in German and livsmedel in Swedish 

have the etymological tenor „means for life‟. Therefore how we produce and handle food and 

how we act in relation to it are important for a rich, purposeful and healthy life.  

 

Eating is also closely associated with cultural meaning and communication. It is part of our 

social activities and has become part of our lifestyle and our social identity. At the same time, 

food consumption is an activity that can change quickly. At the present time, when we empty 

our refrigerator, we can buy other food products. In this way, our previous food choices do 

not limit our food choices at the moment. Thus, our social roles and habits influence us, but at 

the same time we have the freedom to change our behaviour as soon as the opportunity arises.  

 

In this thesis, the political and cultural meanings of food are not taken into account in any 

explicit way. However, in the event of the changes discussed in this thesis being 

implemented, it would be essential to take into account such meanings.  
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