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Summary 
In order to assess the environmental consequences of increasing the share of grain legumes in 
human diets a study of four meals containing peas to different extents have been performed. All 
meals contain the same level of protein (ca 35 g/meal) and energy (ca 750 kcal/meal), and the 
composition of the meals is also similar regarding the proportions of fat, protein and 
carbohydrates. The components of the meals are 1) pork chop produced with conventional soy 
based feed, potatoes, tomatoes and bread, 2) pork chop produced with feed based on peas and 
rape seed, potatoes, tomatoes and bread, 3) sausage in which 10% of the animal protein has been 
replaced with pea protein, bread and tomatoes, and 4) a fully vegetarian pea burger, bread and 
tomatoes. Two countries are explored, Sweden and Spain. In the Swedish scenario tap water 
accompanies the meal and the potatoes are boiled, whereas in the Spanish scenario mineral water 
is included and the potatoes are roasted in the oven. The functional unit is one meal served in the 
household. 

For the Swedish scenario, the results for the two pork chop meals are very similar and the results 
for the sausage meal slightly higher due to a higher content of pork in this meal (to achieve the 
same level of protein in the four meals). Furthermore, the impact for the vegetarian meal is much 
lower than for the meals with animal protein, with the exception of energy use. In particular the 
contribution to global warming potential, eutrophying potential, acidifying potential and land use, 
the pea burger meal has a significantly lower impact than the meals with animal protein.  

For the Spanish scenario, the results for the two pork chop meals are also similar for most of the 
impact categories but the pork produced with feed based on peas has a higher impact than the one 
produced with soy based feed when it comes to use of potassium and land resources, as well as 
eutrophication. The sausage meal has the highest impact in eight out of the twelve impact 
categories, which, again, is mainly due to the higher content of pork in this meal. The impact for 
the vegetarian meal is much lower in all impact categories except for energy use for which the 
impact is quite similar to the impact of the other meals. 

The conclusions and recommendations of the study are: 

• Overall, the vegetarian pea based meal has a significantly lower environmental impact 
than the animal protein based meals. This is the case in both the Swedish and Spanish 
scenario. 

• In order to achieve any environmental gain of replacing animal protein with pea protein in 
meat products, a larger share than 10% of the animal protein needs to be replaced. It is 
significantly more environmentally beneficial to provide a fully vegetarian meal, than to 
replace 10% of the animal protein in a meal with vegetable protein. 

• The potential to develop more energy efficient processing for pea based food products 
needs to be explored. 

• Raw material efficiency, i.e. reduced wastage at all stages in the production chain, is a key 
issue to lower the environmental impact of all meal types, especially for food products 
with high impact at the farm level (e.g. pork). 

• The resource efficiency at the farm level (e.g. yield) plays an important role in the overall 
environmental impact of a meal, but the stages after the farm are also very important. In 
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terms of energy use, a significant amount is used in industry, at the retailer, transporting 
the food from the retailer, and also for storing frozen foods and cooking food in the oven 
in the household. Further work is needed to explore ways of improving the energy 
efficiency of all these steps. 
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Introduction 

Background 
Protein is one of the essential parts in our nutritional intake. According to the Swedish food 
administration protein should stand for 10-15% of the overall energy intake, up to 20% does not 
give any adverse health effects. The consumption of protein is generally higher than the 
nutritional need of protein in the Western world; we in the rich part of the world eat too much 
meat, for various reasons. At the same time, the production of protein is very resource intensive, 
so a diet with surplus protein is likely to be more resource demanding than a more balanced diet. 
Of course there are exceptions, depending on the other food components in the overall diet, but in 
general an over consumption of protein is negative for the environment. Protein is found both in 
plants and animals; all meat and fish are rich in protein and the most protein rich plants are grain 
legumes such as peas and beans, but there is also protein in cereals and oil seeds.  

Animals too are dependent on protein in their feed. Bovine spongiform encephalopathy (BSE or 
mad cow disease) led to the ban on using animal-derived protein in livestock feed which in return 
raised the demand for vegetable protein sources. The cultivation of grain legumes such as peas, 
beans and lupines that are rich in protein, starch, fibre and essential nutrients would be a suitable 
alternative to soya bean in order to cover this need. In addition grain legumes possess important 
agricultural advantages. In symbiosis with bacteria, they can fix atmospheric nitrogen providing 
them with this important nutrient and adding it for subsequent crops. These crops need no 
nitrogen fertiliser, and this has beneficial environmental effects as a result of reduced nitrogen 
losses from fertiliser manufacturing and application as well as a substantial reduction of energy 
demand (Charles & Nemecek, 2002). Furthermore, grain legumes have an indirect effect on crop 
rotations because they act as break crops slowing the build-up of cereal pests, diseases and weeds 
and resulting in a reduced need for pesticides (Nemecek et al., 2008). Despite these advantages, 
only 5% of Europe’s arable land is currently cultivated with grain legumes. As a result, 70% of 
Europe’s plant-derived protein demand is imported, mostly as soybean meal from North or South 
America, and this has adverse environmental impacts, including long transport distances (GLIP, 
2004).  

 

Previous studies  
A large number of life cycle assessment (LCA) studies on agricultural products and systems have 
been carried out. The following overview will focus mainly on product LCAs of the products 
pork, bread, potatoes and linked production systems, e.g. the production of concentrated feed.  

The production of pork has been the subject of several LCA studies. Basset-Mens & van der 
Werf (2005) have studied the environmental impacts of three contrasting pig production systems 
in France using LCA methodology. The scenarios they compared were good agricultural practise 
according to French production rules, a French quality label scenario called Red Label and a 
French organic scenario. They found that, when expressed per kg pig produced, the good 
agricultural practise had the lowest environmental impacts for the impact categories energy use, 
land use, global warming potential and terrestrial toxicity. However, the Red Label production 
system had the lowest impacts on eutrophication and acidification. Per kg of pig produced the 
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French organic scenario had comparatively the lowest environmental impacts only in the 
category of pesticide use (Basset-Mens & van der Werf, 2005). In a Swedish study by Eriksson et 
al. (2005) the impact of the feed choice for pig production was examined. The chosen scenarios 
were feed formulations for pigs where a) the present trend of soybean use was extrapolated, b) 
the formulation consisted of domestic feed (no soybean) with low crude protein level and added 
synthetic amino acids and c) the pig feed used was from organic production. The results show 
that of all feed ingredients soybean meal had the highest impact for all impact categories. For 
soybean meal over 50% of the energy use and 75% of the acidification were due to long distance 
transportation. For the different impact categories the results of the three scenarios for one kg of 
pig growth were as follows: The scenario with soybean meal had the lowest environmental 
impacts for land use, whereas for energy use and global warming potential the scenario with 
organic pig feed had the smallest impacts. Regarding acidification and eutrophication, the 
scenario using domestic feed enriched with synthetic amino acids was the most favourable 
concerning environmental impacts (Eriksson et al., 2005). A similar study has been performed by 
van der Werf et al. (2005) on the environmental impacts of the production of concentrate feed for 
pigs in Brittany. The authors defined six diets for pigs adapted to their development stage. The 
feed components were either from local, national or overseas sources. Most diets were cereal 
based in combination with soya, rape or sunflower meal or peas as protein sources. For the local 
crops pig slurry was assumed to be the main source of fertiliser. The results based on one ton of 
pig feed show that for the impact categories energy use, global warming and acidification the 
contribution of transport processes was substantial. Compared with a feed consisting mainly of 
non-processed crop-based ingredients a feed containing mainly co-products had higher 
environmental impacts in the category energy use and lower impacts in the category terrestrial 
ecotoxicity. Comparing wheat-, maize- or co-product-based feeds per ton of compound feed 
produced, the wheat-based formulation is the most favourable for the impact categories land use, 
energy use and global warming. The co-product-based feed has the lowest impacts for 
acidification and terrestrial ecotoxicity. Generally, the wheat-based feed was more favourable 
than the maize-based one, the exception being the category of eutrophication (van der Werf et al., 
2005).  

There are several LCA studies internationally published on single food products, from farm to 
consumption, among them milk (Hospido et al., 2003; Eide, 2002) and bread (Andersson & 
Ohlsson, 1999). For pork and potatoes there are LCAs from Sweden published (Anonymous, 
2002). Studies describing whole meals or similar are limited. Kramer (2000) presented a study on 
the food consumption in the Netherlands and identified options for decreased emissions of 
greenhouse gases and energy use, using a methodology based on national statistics on energy use 
and emissions from sectors. Sonesson et al. (2005) and Sonesson & Davis (2005) reported LCAs 
for different ways of preparing two meals, one based on meatballs and the other based on 
chicken.  

The study on environmental impact of the food chain in this report is a product LCA, but on a 
whole meal. In these meals European grain legumes are included in various proportions, either as 
feed for the pigs or consumed directly as replacement for pork. The data on the agricultural part 
that were developed within the GLIP projects by partners at ART are used in this study. Two case 
study countries are analysed which gives indications on differences within Europe.  
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Definition of goal and scope 

Goal of the study 
The goal of the study is to analyse the environmental impact of meals with varying content of 
peas using Life Cycle Assessment methodology (LCA). The purpose is to identify the 
environmental improvement potential by European production of protein at the consumer end, 
hence a meal was chosen as basis for the analysis, to make it possible to put the results in a 
context. The study is performed by case studies in two European countries: Sweden and Spain. 
 

Systems definition and boundary 
Principally, a cradle to grave approach is chosen. In Figure 1 the principal system boundaries are 
presented. The system for delivering the meal at the household consists of agriculture, where all 
raw materials for the meal are produced, as meat, wheat, vegetables and peas. The material is 
thereafter transported to different industries.  

The analysis includes raw material production in agriculture including inputs as fertilisers and 
fuels. All inputs of packaging materials for the products are included as is the waste management 
of the used packaging. If packaging is recycled or used for heat production the avoided 
environmental impact due to less need of alternative production is accounted for. Production of 
electricity and heat as well as water used in the system is included. Electricity for storing and 
cooking in households is included, as well as all transports involved throughout the chain. 
Finally, the environmental impact from sewage treatment, including both the process and the 
outgoing water from the sewage treatment, is included in the analysis. This means that the 
environmental impact of nutrients contained in the food is followed back to the ecosphere. 

The environmental impact categories considered are: use of land, potassium, phosphorous and 
energy, and potential contribution to global warming, acidification, eutrophication, photo-
oxidant-formation and ozone depletion. 
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Figure 1. Principal system boundaries of the Food chain LCA. 

 

 

Meals 
Four meals are analysed in this study, one reference and the other three with different degrees of 
grain legumes used in the production, in two different countries, Sweden and Spain: 
 
The four meals consist of: 
1. SOY pork chop: Pork chop produced with conventional feed (SOY = feed based on soy meal 

imported to Europe and cereals), potatoes, raw tomatoes, wheat bread and water 

2. GLEU  pork chop: Pork chop produced with alternate feed (GLEU = feed based on peas, 
rape seed and cereals mostly grown in Europe and some imported soy meal), potatoes, raw 
tomatoes, wheat bread and water 

3. Sausage partial GLEU: Meal with partial replacement of pig meat by peas; a sausage in 
which 10 % of the animal protein is replaced by pea protein (the pork is produced with GLEU 
feed), raw tomatoes, wheat bread and water  

4. GLEU burger: Meal with full replacement of meat by a pea burger (the peas are grown in 
Europe), accompanied by raw tomatoes, wheat bread and water 

 

The meals differ in the choice of protein source: pig meat produced with contemporary protein 
feed largely based on soy meal,  pig meat produced with peas grown in Europe, part of the meat 
replaced with peas and finally a meal where all meat is replaced by peas. The composition of 
each meal has been put together so that each meal provides the same (or similar) amount of 
protein, energy and fat, and also with the intention that the overall size of the meal and the 
proportion between meal components are reasonable, see Figure 2 and Table 1. 
Recommendations from the Swedish Food Administration on nutrient intake have been used to 
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define the amount and proportions of the nutrients. The meals might not represent a typical meal 
that people normally eat, e.g. the amount of meat in the case study meals is probably less than 
what the average person normally eats in a meal, but this is because we seldom eat according to 
the health recommendations. In Figure 1, the parts labelled “Core system” are altered between 
meals. The “Background systems” are different for the two countries. 
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100
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600
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From fat
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Figure 2. Amount of energy in each meal, and contribution to energy from protein, fat and carbohydrates 
respectively. 

 
Table 1. Amount of ingredients and overall protein content of each meal [g or ml per meal]. 

Meal Pork chop/ 
sausage/ 
burger [g] 

Potatoes 
[g]

Tomatoes 
[g]

Bread [g] Water 
(mineral 
water in 
Spanish 

scen.) [ml] 

Protein 
content [g]

SOY pork chop 100 350 90 100 300 34,8
GLEU pork chop 100 350 90 100 300 34,8
Sausage partial GLEU 225 - 90 140 300 34,7
GLEU burger 275 - 90 80 300 33,7
 

Choice of countries 
The environmental impact of the meals differs not only due to differences in composition, but 
also due to differences especially at the household level (cooking). The analyses are performed 
for two countries, Sweden and Spain. These countries represent two rather different systems both 
regarding household and cooking and surrounding systems as energy system and waste- and 
sewage treatment. Hence the results from these countries facilitate a discussion about the 
importance of different factors more general than if only one country was studied. In both 
countries pork is a commonly consumed meat.  
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The pork chops, sausage and burger are assumed to be fried in a frying pan, the potatoes are 
either boiled (Sweden) or oven baked (Spain), the tomatoes are eaten raw, the bread is made of 
wheat and baked in a large scale bakery and the water is tap water (Sweden) or mineral water 
(Spain). 

 

Origin of meal components in the Swedish scenario 
The pork is produced in Germany (both conventional SOY and GLEU), the peas and wheat in 
Germany, the potatoes in Sweden, the tomatoes in Spain and the bread in a large industrial 
bakery in Sweden. The sausage and burger production plants are assumed to be situated in 
Sweden. The industry manufacturing pea protein for the sausage is situated in Belgium (peas 
produced in Germany).  
 
 
 
 
 

Household 
(Sweden)

Retailer 
(Sweden)

Slaughter house 
(Germany)

Potato 
packer

Bakery 
(Sweden)

Tomato 
packer

Pig farm 
(Germany)

Potato farm
(Sweden)

Wheat farm
(Germany)

Tomato farm 
(Spain)

Peas etc (Germany)
or Soy (overseas) etc

 
 

Figure 3. Origin of food products in the Swedish scenario of meals 1 and 2 with pork chop (conventional SOY 
feed or GLEU feed). 
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Figure 4. Origin of food products in the Swedish scenario of meal 3 with sausage (partial GLEU). 
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Figure 5. Origin of food products in the Swedish scenario of meal 4 with GLEU burger. 
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Origin of meal components in the Spanish scenario 
The pork is produced in Spain (both conventional SOY and GLEU), the peas and wheat in Spain, 
the potatoes in Spain, the tomatoes in Spain and the bread in a large industrial bakery in Spain 
and the mineral water in Spain. The sausage and burger production plants are assumed to be 
situated in Spain. The industry manufacturing pea protein for the sausage is situated in Belgium 
(peas produced in Germany). Primarily, these origins have been used to calculate the transport 
distances; data for production in these specific countries have not always been available so data 
for other countries have been used, this is explained in more detail in the inventory section. 
 
 
 

Household 
(Spain)

Retailer 
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Slaughter
house

Potato 
packer

Bottling of 
mineral waterBakeryTomato 

packer

Pig farm 
(Catalonia)

Potato farm
(Spain)

Spring
(Spain)

Wheat farm
(Spain)

Tomato farm 
(Spain)

Peas etc (Spain)
or Soy (overseas) etc

 
 
Figure 6. Origin of food products in the Spanish scenario of meals 1 and 2 with pork chop (conventional SOY 
feed or GLEU feed). 
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Figure 7. Origin of food products in the Spanish scenario of meal 3 with sausage (partial GLEU). 

 

Household 
(Madrid)

Retailer 
(Madrid)

Production of
rape seed oil

Production of
pea burger BakeryPackerProduction of 

starch (Spain)

Rape seed 
(Spain)

Pea farm
(Spain)

Wheat farm
(Spain)

Potato farm 
(Spain)

Bottling of 
mineral water

Spring
(Spain)

Tomato farm
(Spain)

 
Figure 8. Origin of food products in the Spanish scenario of meal 4 with GLEU burger. 
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Production systems of meal components 
The systems for delivering the meals are briefly described below. The data collection for each 
meal component is described further in the inventory section. 

Meat 
The pigs are transported to a slaughterhouse where the meat is produced and delivered to the 
retailer, possibly via a wholesaler. At the retailer the meat is stored in a cold cabinet. The bones 
are used for producing meat- and bone meal; the hides are used for e.g. gelatine production or as 
leather. The stomach content and sludge generated at the slaughterhouse is sent to the waste 
management system.  

Sausage with pea protein 
The sausage is produced by meat, pea protein, potato starch and water. The process consists 
mainly of mincing and mixing the ingredients, forming the sausage and heat treatment. The 
primary package is LDPE plastic, and secondary (transport) packaging is also added. The 
sausages are delivered by truck to the retailer and stored in chilled cabinet. 

Vegetarian burger 
The burger is produced from dried peas that are ground, potato starch, rape seed oil and water. 
The burgers are fried and then deep frozen with liquid nitrogen, packed in cardboard packaging 
and then stored. They are delivered to the retailer by truck and then stored in a freezer cabinet. 

Bread  
The wheat is transported to a mill, where it is milled. The flour is delivered to a bakery where 
bread is baked. The bread is delivered to the retailer by truck.  

Vegetables 
The vegetables, potatoes and tomatoes, are transported to a packer, where they are cleaned and 
put into package. The packaged products are delivered to a wholesaler and thereafter distributed 
to retailers.  

Mineral water 
Mineral water is pumped from the source and filled in plastic bottles. The water is delivered to 
retailers via storing at wholesalers. 

Households 
The consumer buys the components to the meal at the retailer and transports them home either by 
car, walking or by bus (in this study no environmental burden from walking or taking the bus has 
been taken into account, see the inventory section for more information on the consumer 
transport from retailer to household). At home the products are stored in the freezer (burger), 
refrigerator (pork chop, sausage) or room temperature (bread, tomatoes and potatoes). The pork 
chop, sausage and vegetarian burger are fried in a pan, the potatoes are boiled or oven baked. The 
other meal components are served as they are. 
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Functional unit 
Food has many functions for humans; supply of nutrients as e.g. energy, proteins and vitamins, 
but also pleasure, cultural and social identity are important functions of food. We have chosen the 
function of basic nutrient supply. The functional unit for the study is one meal served at the 
table in the household. The meals deliver the same amount of protein and energy, see Figure 2 
and Table 1 shown in the previous section. The proportions between proteins, fat and 
carbohydrates are within the recommendations on nutrient intake from the Swedish Food 
Administration.  
 

Allocation procedures 
The food chain is a complex web of flows, in some parts of the chain the products are handled 
separately and in other parts they are handled together with other products. Generally the 
products are handled separately early in the chain (primary food industry) and more mixed later 
(secondary food industry, retail and households). In the last part of the chain, the sewage 
treatment, the products are totally mixed. In the case where processes give more than one product 
(e.g. grinding of wheat which gives both flour and bran), we have used economic allocation for 
allocations of the enviornmnetal burden between co-products. However, for the treatment of 
abattoir waste we have used system expansion; heat is generated when incinerating the waste, and 
in Sweden this heat is used as district heating and thereby replaces combustion of oil, whereas in 
Spain the heat is not recovered and no system expansion is performed.  

All allocations used are described in the inventory section. Ingredients where the mass flow is 
small, below 5% of total mass, are not accounted for (e.g. salt in the sausage); i.e. the 
environmental burden of the production of these ingredients has not been taken into account in 
the study. 

 

Data quality requirement 
The goal has been to use recent data from manufacturers in the specific countries in the sudy, and 
if this was not feasible to use literature or generic databases with data not older than ten years. If 
no detailed data were available, approximations have been used. When it comes to environmental 
burden associated with energy production and transport the Ecoinvent database has been used. 
 
Datasources and any approximation is given in the inventory section for each unit process 
(slaughterhouse, sausage manufacturer etc). 

Choice of impact categories and methods 
The following resources are considered in the inventory analysis phase (LCI):  
Resources:  
• Land use, i.e. land occupation during a certain time as a resource (expressed in m2 times year). 
It is a summation without weighting.  
• Minerals (P/K): Phosphorus (P) and Potassium (K) are the most important minerals for 
agriculture. 
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The considered impact categories in this LCA study are:  
 
Resources:  
• Energy demand: This is the demand of renewable (e.g. hydropower) and non-renewable energy 
resources (crude oil, hard coal and lignite, natural gas and uranium) according the ecoinvent 
methodology (Frischknecht et al. 2003), i.e. gross calorific value. This category will be referred 
to as energy demand. The energy mix can be quite different in different countries or production 
sites. For example cooking with electricity in a country with hydropower differs from cooking 
where electricity comes from lignite or hard coal. Therefore two sub-categories are defined: 

o for the renewable energy resources 

o for the non-renewable energy resources  

 
Environmental impacts:  

• Global warming potential for a time horizon of 100 years: Methodology according to IPCC 
(2001). CO

2
 from fossil sources and land transformation (soya bean production) was accounted 

for, but not CO2 from biogenic sources.  

• Photooxidant formation (as precursors of ozone): Evaluation for high NOx areas using method 
EDIP97 (Hauschild & Wenzel, 1998).  

• Stratospheric ozone depletion. The method used is according to Hauschild & Wenzel (1998).  

• Eutrophication: According to the methodology EDIP97 (Hauschild & Wenzel, 1998). The 
potential of eutrophication refers to sensitive ecosystems, e.g. extensive meadows, raised bog and 
waterbodies and not on the nutrient enrichment of agricultural soil. It consists of N- and P-
compounds which enter the ecosystems by air and water.  

• Acidification: As for eutrophication, acidification, just as, relates to sensitive ecosystems. 
Compounds enter the ecosystems by air (e.g. acid rain). The methodology used is EDIP97 
(Hauschild & Wenzel, 1998).  

 

Ecotoxicity and human toxicity have not been taken into account in this study. It is at the 
agricultural stage where the most significant contributions to these impact categories occur 
(pesticides); hence, these impacts been taken into account in the part of the project that 
investigates the impact of use of European produced grain legumes in feed (Baumgartner et al., 
2008).  We have not been able to attain the required information, i.e. use of pesticides, of all of 
the agricultural products that are used in the meals (the ones that are not provided by our partners, 
tomatoes and potatoes), therefore these impacts have not been considered here; for information 
on the impact on toxicity from increased use of European produced grain legumes we therefore 
refer to Baumgartner et al. (2008).  
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Life cycle inventory and description of production systems 

Data collection 
Data on production of pork, wheat and peas are provided by partners within GLIP, see 
Baumgartner et al. (2008). For other materials data from literature and LCI databases have been 
used. For industrial operations, production of sausage and pea burger, industrial contacts have 
provided data. All data on transport used in the analysis for each food product (distance and mode 
of transport) are given in Appendix 1. The distances for specific routes have been determined 
with the website www.michelin.com. 
 

Pig farm 
The data for production of pork at the farms in Catalonia in Spain (in the Spanish scenario) and 
North Rhine-Westphalia in Germany (in the Swedish scenario) are provided by partners within 
the GLIP project. The LCIA data used in the meal study are given in Appendix 2. 
 
The feed for the pigs in the Swedish scenario contains (for SOY and GLEU respectively): 
 

• SOY – soy bean meal, sunflower meal, wheat, barley, maize, wheat bran plus small 
quantities of different feed ingredients as well as synthetic amino acids and mineral feed 

 
• GLEU – pea, rape seed meal, sunflower meal, small quantities of soy bean meal, wheat, 

barley, maize, wheat bran plus small quantities of different feed ingredients as well as 
synthetic amino acids and mineral feed 

 
The feed for the pigs in the Spanish scenario contains (for SOY and GLEU respectively): 
 

• SOY – soy bean meal, sunflower meal, small amounts of peas and rape seed meal, wheat, 
barley, maize, cassava plus small quantities of different feed ingredients as well as 
synthetic amino acids and mineral feed 

 
• GLEU – pea, rape seed meal, sunflower meal, soy bean meal, wheat, barley, maize plus 

small quantities of different feed ingredients as well as synthetic amino acids and mineral 
feed 

 

Slaughter house – Germany 
Data on energy use and emissions from production of pork at the slaughter house are taken from 
a Swedish LCA study of pork (Anonymous, 2002); the data are given in Table 2. In addition data 
on sewage generation and packaging waste is included in the analysis, but these are not shown 
due to confidentiality. We hereby assume that there are no large differences between abattoirs in 
Germany and Sweden. In the Swedish LCA the mass flow into the abattoir is given in carcass 
weight which is about 30% lower than the live weight of the pig according to Livsmedelssverige 
(2007). According to Cederberg and Flysjö (2004a) the carcass weight is 27% lower than the live 
weight; i.e. very similar to the figure from Livsmedelssverige, and 27% is the figure we have 
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used in this study. The by-products that make out the difference between the live weight and the 
carcass weight (blood, intestines etc) have not been followed to the grave in this study, i.e. any 
environmental impact caused by the treatment of these by-products has not been taken into 
account. Based on the Swedish LCA 40% of the carcass weight is generated as waste (bone, fat 
etc); we assume that this waste is turned into meat and bone meal which is incinerated and 
thereby generates heat, which in turn replaces heat from combustion of oil (oil is the marginal 
energy source that is the first choice of fuel to replace due to cost). Data for this system 
expansion is given in Table 3. Data for production of packaging are taken from Ecoinvent (2003). 
In summary, there is (based on the figures above) a yield of 0,44 kg of bone free meat per 1 kg of 
live weight pig. 
 
Table 2. Data used for the German slaughterhouse per kg of produced pork (bone free). 

  
Water consumption [l] 5 
Part of carcass weight to residual treatment [%] 40 
Oil for heating [MJ] 1,14 
Electricity [MJ] 2,87 
Secondary packaging added, LDPE [g] 4,5 
Secondary packaging added, corr. cardb. [g] 29,6 
 
 
 
Table 3. Data on treatment and use of abattoir waste. 

 Source 
Oil used for producing meat and bone meal [MJ/kg 
waste] 

1,8 SJV (2001) 

Electricity for producing meat and bone meal [MJ/kg 
waste] 

0,4 SJV (2001) 

Energy gained when incinerating meat and bone meal 
[MJ/kg meal] 

23,9 SJV (2001), 
assuming 90% 
efficiency in the 
combustion 

Emissions from incineration of meat and bone meal a Ecoinvent (2003) 
Fuel replaced by the incineration of meat and bone meal Light fuel 

oil
Data for emissions 
from Ecoinvent 
(2003) 

a Due to lack of data emission factors for woodchips have been used 
 

Slaughter house – Spain 
A Spanish slaughter house was inventoried by Lafargue (2007) within the GLIP project; the 
slaughter house that was studied is situated in Toledo 60 km South of Madrid. This study gives 
the water and energy use as well as sewage generation, and that 23% of the live weight is by-
products (which are not followed to the grave in this study), i.e. 77% of the live weight is carcass 
weight. Regarding type and amount of packaging, as well as generation of packaging waste, we 
have assumed the same data as in the Swedish LCA study of pork (Anonymous, 2002). The data 
are given in Table 4. The data for sewage treatment are taken from Ecoinvent (2003). We assume 
a yield of 60% (amount of bone free meat from the carcass weight) and that the waste is turned 
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into meat and bone meal which is incinerated (but the heat is not recovered). Data for the 
processing of the meat and bone meal and data source for emissions from the incineration are 
given in Table 3. Data for production of packaging are taken from Ecoinvent (2003). In 
summary, there is (based on the figures above) a yield of 0,46 kg of bone free meat per 1 kg of 
live weight pig. 
 
 
Table 4. Data used for the Spanish slaughterhouse per kg of produced pork (bone free). 

  
Water consumption [l] 27 
Part of carcass weight to residual treatment [%] 40 
Oil for heating [MJ] 3,40 
Electricity [MJ] 7,43 
Secondary packaging added, LDPE [g] 4,5 
Secondary packaging added, corr. cardb. [g] 29,6 
Sewage generation [l] 23 
 
 

Potato farm and packer 
The data for cultivation of potatoes stem from a Swedish LCA study of potatoes (Anonymous, 
2002); these data are used in the Spanish scenarios too due to lack of data on Spanish potato 
cultivation. The data includes production of inputs to agriculture (fertilisers, fuels) as well as 
management of the crops and leakage of nutrients (Table 5). We assume the potatoes are 
transported 50 km to a packer and that 10 % of the potatoes are wasted at the packer; this flow is 
not followed to the grave. The electricity use at the packer is 0,19 MJ/kg potatoes (Anonymous 
2002), and 40 g of corrugated cardboard is used for packaging (own measurement).  
 
Table 5. Data for production of 1 kg of potatoes at the farm gate. 

  Comment 
Diesel [MJ] 0,28 Data on production of diesel from Ecoinvent (2003), emission 

factors from Cederberg & Flysjö (2004) 
Electricity [MJ] 0,02 Data on electricity production from Ecoinvent (2003) 
NH3 to air [g] 0,09  
N2O to air [g] 0,09  
N-tot to water [g] 1,8  
P to water [g] 0,008  
Herbicide [g] 0,005 Only production considered, toxicity not assessed 
Insecticide [g] 0,01 Only production considered, toxicity not assessed 
Fungicide [g] 0,06 Only production considered, toxicity not assessed 
Land use [m2] 0,25  
 

Tomato farm and packer 
Data for production of tomatoes are taken from a study of Mediterranean greenhouse production 
in Spain (Antón et al. 2005). The data represents a production process with closed hydroponic 
systems and includes production of inputs to the greenhouse management (fertilisers, fuels, 
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pesticides) as well as manufacture of the greenhouse structure and auxiliaries and management of 
the waste generated during and at the end of the crop cultivation. The data incorporated in the 
meal study (aggregated impact assessment results) are given in Table 6. Unfortunately no data on 
primary energy use is included in this paper, hence, emissions related to the use of energy is 
included but not the actual use of energy as a resource. 

The tomatoes are transported 50 km with lorry to a packer. We assume the same energy use as for 
potatoes: 0,19 MJ/kg tomatoes, and that 15 g of corrugated cardboard and 15 g of LDPE per kg 
tomatoes is used for packaging (own measurement). We assume that 10% of the tomatoes are 
discarded as waste at the packer; this flow is not followed to the grave.  
 
Table 6. Data for production of 1 kg of tomatoes at the farm gate (from Antón et al., 2005). 

Impact category Comment 
IPCC, Global warming potential [g CO2-Eq] 81,4  
WMO, Stratospheric ozone depletion, [g CFC-11-Eq] 0,00002  
ETH, Air acidification [g H+-Eq] 0,027 0,027 g of sulphuric 

acid has been entered 
in the inventory 

CML, Eutrophication [g PO4-Eq] 0,1  
WMO, Photo-chemical oxidants formation [g ethylene-Eq] 0,17  
Water use [l] 22,49  
 

Wheat farm, mill and bread production at bakery 
The data for production of wheat at the farms in Castilla y Léon in Spain and Saxony-Anholt in 
Germany are provided by partners within the GLIP and GL-Pro projects (von Richthofen et al., 
2006). The LCIA data used in the meal study are given in Appendix 2. 

The data for production of wheat flour stem from a Swedish LCA study of milk in which 23 dairy 
farms were studied and wheat was part of the feed (Cederberg & Flysjö, 2004). Economic 
allocation has been used to allocate the environmental burden between the different products 
from the wheat milling. 

 
Table 7. Data for milling of 1 kg of wheat. 

  Comment 
Oil [MJ/kg] 0,3 Data on production and combustion of oil from Ecoinvent 

(2003) 
Electricity [kWh/kg] 3,99 Data on electricity production from Ecoinvent (2003) 
 
Table 8. Partitioning in weight and economic value between wheat flour and by-products. 

Products Weight [%] Price [%]
Wheat flour 72 91
Wheat bran 17 4
Wheat flour for feed 11 5
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In the Swedish scenarios, we assume the German wheat is transported 120 km to the mill in 
Germany with lorry based on a Swedish LCA study of bread (Andersson & Ohlsson, 1999). The 
flour is then transported to the bakery in Sweden with lorry. Data for producing bread at the 
bakery are also taken from Andersson & Ohlsson (1999), but regarding the ingredients in the 
bread we have chosen to only consider wheat flour and water; the share of flour in the finished 
bread is 65% (Broström 2006). The data is given in Table 9. 

In the Spanish scenarios we assume the wheat is transported 200 km to the mill by lorry and the 
flour 100 km to the bakery by lorry. 

 
Table 9. Data for industrial baking of bread. 

 Per kg bread Comment 
Raw materials/energy use:  
Fossil [MJ] 0,31 Data on production and combustion of 

light fuel oil from Ecoinvent (2003) 
Electricity [MJ] 2,4 Data on production of electricity from 

Ecoinvent (2003) 
Wheat flour [kg] 0,67  
Water [l] 0,8  
Primary packaging, LDPE [g] 9,8 Data on production of LDPE film from 

Ecoinvent (2003) 
Secondary packaging, HDPE [g] 0,5 Data on production of HDPE from 

Ecoinvent (2003) 
Emission to air:  
Ethanol [g/kg] 2,2  
Waste:  
Wastage of flour in to bakery [%] 3,3  
 
 

Production of mineral water 
Information on extraction and bottling of mineral water are taken from Lafargue (2007); the data 
represent the production of a Spanish mineral water (Agua de Solares) which is extracted in 
Solares, Cantabria, 430 km north of Madrid. The bottles are made out of HDPE and data for 
production of HDPE bottles are taken from the database in SimaPro (APME data). This source 
states that the average weight of a 1 l bottle is 43 g; we have thereby assumed that a 1,5 l bottle 
requires 65 g of HDPE. The water is transported from the extraction via bottling and onward to 
Madrid by lorry (430 km).  
 

Production of potato starch 
Potato starch is used both in the sausage and in the pea burger. Data on production of potato 
starch have been taken from the database Ecoinvent (Ecoinvent); data representing German 
production of starch have been used. 
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Production of pea protein 
Data on pea fractioning have been taken from a study by Abelmann (2005). The data for 
production of peas in Germany reported earlier have been used as input to this process. The data 
for the fractioning is given in Table 10. We have used economic allocation to partition the 
environmental burden between the different fractions, see Table 11. 
 
Table 10. Data on pea fractioning. 

 Per kg pea 
protein

Comment 

Raw materials/energy use:  
Fossil [MJ] 2,2 Data on production and combustion of 

light fuel oil from Ecoinvent (2003) 
Electricity [MJ] 0,24 Data on production of electricity from 

Ecoinvent (2003) 
Peas [kg] 6,7  
 
Table 11. Data for economic allocation used in the study for pea fractioning (Melin, pers. comm. 2007). 

 Mass [%] Economic allocation [%] 
Pea protein 15 26 
Pea starch 42 37 
Pea residuals (hull, fibre) 43 37 
 
 

Production of sausage with pea protein 
The sausage with pea protein in scenario three is a hypothetical product; the composition was 
constructed by a meat expert at SIK (Melin, pers. comm., 2007), see Table 12 (some ingredients 
are not taken into account in the study, e.g. salt). However, data on the production of sausages 
were gathered from an actual sausage factory in Sweden (Abelmann 2005); further information 
on the hypothetical sausage and its production route can be found in Abelmann (2005). The data 
used is given in Table 13. 
 
Table 12. Composition of the sausage with pea protein. 

 Per kg sausage
Pork meat [kg] 0,496
Water [kg] 0,362
Potato starch [kg] 0,105
Pea protein [kg] 0,01
Nutritional data: 0,01
Carbohydrates [%] 8,5
Protein [%] 10
Fat [%] 10
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Table 13. Inputs and emissions from the sausage manufacturing (chilled end-product), per kg sausage. 

 Per kg sausage Comment 
Inputs: Data on production of energy and 

packaging from Ecoinvent (2003) 
except for district heating where 
Swedish data have been used 

Electricity [MJ] 1,29  
Light fuel oil [MJ] 0,65  
Biofuel [MJ] 0,65  
District heating [MJ] 0,43  
Packaging, LDPE [g] 2,48  
Packaging, PP [g] 0,48  
Packaging, PA [g] 0,84  
Emissions to water:  
N [g] 0,17  
P [g] 0,05  
COD [g] 7,83  
BOD [g] 3,72  
 

Production of rape seed oil 
Data on production of rape seed are taken from a Swedish LCA study of milk production 
(Cederberg & Flysjö 2004); the data are for German production of rape seed, see Table 14. The 
data for allocation and extraction are taken from Davis et al. (2006), see Tables 15 and 16. 
 
Table 14. Data for production of German winter rape seed. 

 Autumn rape seed  
Net yield [kg/ha] 3 195  
Inputs:  
Nitrogen [kg N/ha]] 200  
Phosphorous [kg P/ha] 30  
Potassium [kg K/ha] 100  
Herbicide [g/ha] 966 Only production considered, toxicity 

not assessed 
Insecticide [g/ha] 7 Only production considered, toxicity 

not assessed 
Fungicide [g/ha] 204 Only production considered, toxicity 

not assessed 
Diesel, tractor [l/ha] 90  
Oil, drying [MJ/ha] 396  
Electricity, drying 
[kWh/ha] 

70  

Emissions to air:  
NH3-N [kg/ha] 2  
N2O-N [kg/ha] 3,4  
Emissions to water:  
NO3-N [kg/ha] 35  
P [kg/ha] 1  
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Table 15. Data for economic allocation used in the study for extraction of rape seed. 

 Mass [%] Economic allocation [%] 
Rape seed oil 42 80 
Rape seed meal 58 20 
 
Table 16. Data for extraction of rape seed. 

 Per tonne of 
rape seed

Inputs: 
Natural gas [MJ] 367
Biofuel [MJ] 367
Electricity [MJ] 184
Hexane [kg] 0,4
Emission to air: 
Hexane [kg] 0,4 (0,2 to air)
Emission to water: 
COD [g] 63
 

Production of vegetarian burger 
The composition of the pea burger, as well as data on energy use for production, have been based 
on production of chickpea falafel after communication with a Swedish manufacturer (Gratchev, 
pers. comm., 2006). For our purpose, the chickpeas have been replaced by peas in the recipe. 
According to the manufacturer this is a feasible option, providing that spices are added to achieve 
a desirable taste. The composition of the burgers and energy use is given in Table 17. 
 
Table 17. Data on the composition and energy use for production of 1 kg of pea burger (frozen end-product). 

 Per kg burger Comment 
Inputs:  
Peas, dried [g] 440  
Potato starch [g] 16  
Rape seed oil [g] 90  
Water [g] 454  
Packaging, cardboard [g] 30  
Energy use: Data on production of electricity from 

Ecoinvent (2003)  
Electricity [MJ] 2,95  
Electricity for production of liquid 
nitrogen [MJ] 

4,5  

Nutritional data:  
Carbohydrates [%] 22  
Protein [%] 9,5  
Fat [%] 7,6  
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Distribution and retail 
In Table 18 data are given for energy use, wastage and use of packaging at the retailer for each 
product in the meals; the table also shows the transport distance assumed between 
industry/packer and retailer; a 40 t lorry with a load factor of 70% has been assumed for these 
transport steps. The transport of mineral water is reported separately on page 16. These data are 
based on a Swedish study of different meals (Sonesson & Davis, 2005). 
 
Table 18. Energy use and wastage at the retailer, and transport distance between industry and retailer (PS= 
polystyrene and LDPE=low density polyethylene). 

Product Energy 
use 

[MJ/kg] 

Wastage 
[%]

Packaging  
[g/kg]

Transport from 
industry/packer via storage 

to retailer [km] 
Pork chops (Span. scen) 0,2 0,5 21 (PS) + 8 

(LDPE)
230 

 
Pork chops (Swe. scen) 0,2 0,5 21 (PS) + 8 

(LDPE)
1400 

 
Potatoes 0,07 2 2 (LDPE) 385 
Tomatoes (Swe. scen.) 0,07 10 2 (LDPE) 3 250 
Tomatoes (Span. scen.) 0,07 10 2 (LDPE) 385 
Bread 0,07 10 - 230 
Sausage 0,2 0,5 - 230 
Pea burger 1,9 1 - 230 
 
 

Consumer transport – Sweden 
The consumer transport (transport between retailer and household) is based on a survey of 
consumers’ food shopping patterns in Sweden (Sonesson et al., 2005). The survey showed that a 
household on average drives 29 km per week with car for food shopping; this figure only 
includes shopping trips with the sole purpose of shopping for food, i.e. trips that are made in 
conjunction with other errands, e.g. driving to and from work, are not included. Using the 
following factors, a distance driven by car for each meal has been derived:  
 

• 29 km/week and household 
• 2,2 persons/household 
• 7 days/week 
• 75% the economic value of what is purchased in a food store is food (the rest is 

detergents, flowers, tobacco etc) (SCB 1998) 
• We assume a meal constitutes 1/3 of daily intake of energy and nutrients 
• We assume that only 2/3 of all meals are eaten at home (breakfast and dinner) 

 
In other words, 2,2 × 7 × 2 single meals are eaten at home per household and week, and the 
distance driven by car per single meal is = 
 
(29 × 0,75)/(2,2 × 7 × 2) = 0,71 km with car/meal 
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Consumer transport – Spain 
Similarly, the consumer transport in the Spanish scenarios has been derived using the same 
factors as above except for the number of persons in an average household which is 2,8 
persons/household in Spain (CIFRAS INE 2007). 
 
Distance driven by car per meal = 
(29 × 0,75)/(2,8 × 7 × 2) = 0,55 km with car/meal 
 

Household 
Data on wastage from storage and cooking (e.g. peeling of potatoes) have been taken from 
Sonesson & Davis (2005), see Table 19. The energy use for storing and cooking has been derived 
using models developed in Sonesson et al. (2003). We have assumed the meals are cooked for 
four persons, but the results are given per portion. We use electricity production according to 
each country (Ecoinvent 2003). 
 
Table 19. Wastage in households 

Product Wastage, 
storage + 

preeling 
[%] 

Time 
stored 
[days]

Cooking time  
[min]

Electricity use, 
chilled/frozen storage and 

cooking [MJ/portion]

Pork chops 1 2 10 0,2 
 

Tomatoes 10 - - -
Potatoes (Swe. scen. 
Boiled) 

3 + 20 - 20 0,3

Potatoes (Span. scen., 
oven baked) 

3 + 20 - 30 1,1

Bread 1 - - -
Sausage 0 10 20 0,1 + 0,4
Pea burger 0 10 20 0,2 + 0,6
 
We have used the protein content of each meal to calculate the energy use and also emission of 
nitrogen at the waste water treatment plant; the correlation between weight of protein to the 
weight of nitrogen contained in the protein is about 6,25. We have assumed that 50% of the 
nitrogen is removed at the plant and that 40 MJ electricity/kg nitrogen removed is used based on 
Dalemo (1996). 
 

Electricity supply mix 
The electricity mix for Sweden and Spain are quite different. The electricity production in 
Sweden is largely based on hydro and nuclear power, whereas the production in Spain is largely 
based on nuclear and coal power, see Table 20. 
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Table 20. Electricity mix in Sweden and Spain (Ecoinvent). 

 Sweden [% of total mix] Spain [% of total mix]
Nuclear 54,9 30,5
Hard coal 1,3 25,7
Hydro 54,9 16,0
Lignite - 11,3
Natural gas 0,3 7,5
Oil 1,2 4,8
Wind power 0,3 2,3
Industrial gas 0,7 1,2
Co-gen, wood 2,5 0,2
Photovoltaic - 0,01
Peat 0,05 -
 

Calculation tool 
The calculations needed for processing inventories was performed with Microsoft Excel. The 
LCA software SimaPro (Pré 2004) was used to perform the LCA-calculations. 
 

Results 

Energy use 
Figure 9 and Figure 10 show the use of primary energy (non-renewable and renewable) for the 
Swedish and Spanish meals respectively. The energy use for all four meals in each scenario is in 
the same order of magnitude, but the overall energy use is higher in the Spanish case, which is 
mostly due to the energy needed in the household to oven bake the potatoes (in the Swedish case 
the potatoes are boiled). Moreover, in the Spanish scenarios, 1,3 MJ is required to produce the 
plastic bottle for the mineral water (included in ‘other’), and the contribution from the pig farm is 
also higher compared to the Swedish meals.  

The reason why there is no significant difference between the two pork chop meals is due to that 
the substitution of soy bean meal is not simply done by replacing peas. Peas do not only provide 
protein, but also energy in the feedstuffs, which means peas partly replace energy rich feeds, such 
as cereals. So the composition of the whole formula changes meaning that when comparing 
GLEU to SOY, there is less energy needed for overseas transport and production of energy rich 
feeds, but this is compensated by an increased amount of energy needed for production of peas 
and other protein rich feeds. 

The negative contribution in the first three meals in the Swedish scenario is due to ‘avoided 
emissions’; we assume that waste from the slaughter process (fat and bones) are incinerated to 
generate heat, and that this heat replaces combustion of oil (which is the marginal energy source).  

The reason why the pea burger meal is as high as the other meals is that we have assumed the pea 
burgers are sold as a frozen product, hence a lot of energy is used for freezing it in industry and 
then storing it in a freezer both at the retailer and at the consumer (there is also more energy 
needed for frying the burgers at the household). Most of this energy is electricity; in Sweden, the 
electricity mix is based mainly on nuclear and hydropower, so this is why the contribution to 
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global warming still was low despite a lot of energy being used for producing the pea burger 
meal.  
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Figure 9.  Use of non-renewable and renewable energy for the Swedish meal scenarios [MJ/meal]. 
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Figure 10. Use of non-renewable and renewable energy for the Spanish meal scenarios [MJ/meal]. 
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Global warming potential 
Figure 11 shows the contribution to global warming for each of the Swedish meals. When 
comparing the two pork chop meals, there is very little difference between the pork that has been 
produced with soy based feed and the pork produced with feed based on peas from Germany, for 
reasons explained above.  

The meal with sausage has a higher contribution than the pork chop meals. This is a result of the 
fact that all meals must contain similar amounts of protein and energy; the amount of pork must 
be higher in this meal compared to the pork chop meals in order to fulfil these requirements. The 
pork chop meals contain a lot of potatoes in order to fulfil the recommended levels for energy 
content of a meal. The amount of sausage has to be as high as it is in the sausage meal to achieve 
the same level of protein as in the pork shop meals (which contains protein from both pork and 
potatoes). The contribution from production of peas for the pea protein in the sausage meal is 
negligible, so one way of decreasing the impact from the sausage meal would be to increase the 
share of pea protein in the sausage (which is only 10% of the total protein in the sausage in our 
case), but this was discarded for reasons of sensory quality. 

The vegetarian meal has a much lower contribution to global warming than the meal with animal 
protein. The consumer transport, i.e. the transport between the shop and the household, gives a 
considerable contribution to global warming.  

The results for the Spanish meals, shown in Figure 12, are similar to the Swedish meals in that 
the internal correlation between the meals is the same, but overall the contributions are higher 
than for the Swedish meals. The reason for this is the electricity production in Spain, which is 
partly based on combustion of coal; as the figure shows, industry is a significant contributor to 
global warming, which is due to the use of electricity. As the pea burger meal requires a lot of 
electricity at the pea burger plant, retailer and at the household, the contribution is higher in the 
Spanish scenario compared to the Swedish, but the contribution is still only two third of that of 
the meals with animal protein. 
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Figure 11. Global warming potential for the Swedish meal scenarios [g CO2-equ./meal]. 
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Figure 12. Global warming potential for the Spanish meal scenarios [g CO2-equ./meal]. 
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Eutrophication potential 
The contributions to eutrophication for the four meals are shown in Figure 13 and Figure 14; here 
it is the production at the farm stage and the waste water treatment from the household that 
contribute, the total contribution from all other stages is quite small. The level of protein is very 
similar in all four meals in each scenario, resulting in similar contributions from sewage 
treatment (included in ‘Household’). Overall, the contribution from the meals containing animal 
protein is a lot higher than the vegetarian meal. For the Swedish meals, again, there is very little 
difference between the two pork chop meals even though the feed compositions for the pigs are 
different. However, in the Spanish scenario, the contribution for the pork produced with pea 
based feed is higher than for the soy based pork. The reason for this is mainly due to nitrate 
leaching from the cultivation of peas. There is a higher incorporation of peas in the GLEU 
formula in the Spanish scenario (18% of formula compared to 10% in the Swedish scenario), and 
the yield level of peas in Spain is comparatively low. The majority of the contribution from the 
pig farms come from nitrate and ammonia (housing, manure spreading and piglet production). 
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Figure 13.  Eutrophication potential for the Swedish meal scenarios [g N-equ./meal]. 
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Figure 14. Eutrophication potential for the Spanish meal scenarios [g N-equ./meal]. 

 

Summary of environmental impacts 
The results from all impact categories considered in the study are summarised for the Swedish 
meals in Table 20 and Figure 15. Overall, the results for the two pork chop meals are very similar 
and the results for the sausage meal slightly higher due to the higher content of pork in this meal. 
Furthermore, the impact for the vegetarian meal is much lower than for the meals with animal 
protein, with the exception of energy use, explained earlier. In particular the contribution to 
global warming potential, eutrophication potential, acidification potential and land use, the pea 
burger meal has a significantly lower impact than the meals with animal protein. The reason why 
the use of potassium is high for the GLEU pork shop meal and the sausage meal (with GLEU 
pork) is there is a higher input of potassium fetiliser for peas, and also rape seed, compared to soy 
bean. 
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Table 21. Results for Swedish meal scenarios. 

 Pork chop GL pork chop Sausage 
partial GL 

GL burger 

Non-renewable energy resources, 
fossil & nuclear [MJ-eq] 

1,30×101 1,29×101 1,32×101 1,12×101 

Energy resources, non-renewable 
and renewable [MJ-eq] 

1,57×101 1,56×101 1,59×101 1,61×101 

GWP [kg CO2-eq] 1,04×100 1,01×100 1,06×100 5,40×10-1 

POCP [kg ethylene-Eq] 9,10×10-4 9,10×10-4 9,50×10-4 7,30×10-4 

Stratospheric ozone depletion [kg 
CFC-11-Eq] 

6,00×10-8 6,00×10-8 7,00×10-8 5,00×10-8 

Resource P [kg P] 2,91×10-3 3,16×10-3 3,75×10-3 1,82×10-3 

Resource K [kg K2O] 7,50×10-3 1,25×10-2 1,45×10-2 8,40×10-3 

Land occupation, total [m2a] 1,18×100 1,20×100 1,38×100 0,43×100 

Eutrophication [kg N] 1,44×10-2 1,38×10-2 1,44×10-2 5,70×10-3 

Acidification [kg SO2-Eq] 1,11×10-2 1,08×10-2 1,17×10-2 2,38×10-3 
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Figure 15. Relative results for the Swedish meal scenarios (SOY pork chop meal as reference = 100%). 

 
The results for the Spanish meals are summarised in Table 21 and Figure 16. Overall, the results 
for the two pork chop meals are similar for most of the impact categories but the pork produced 
with feed based on peas has a higher impact than the one produced with soy based feed when it 
comes to use of potassium and land resources as well as eutrophication. The results for the 
sausage have the highest impact in eight out of the twelve impact categories, which is mainly due 
to the higher content of pork in this meal. The impact for the vegetarian meal is lower, for most 
categories considerably lower, than the impact of the other meals.  
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Table 22 Results for Spanish meal scenarios. 

 Pork chop GL pork 
chop 

Sausage 
partial GL 

GL burger 

Non-renewable energy resources, 
fossil & nuclear [MJ-eq] 

2,24×101 2,20×101 2,04×101 1,77×101 

Energy resources, non-renewable 
and renewable [MJ-eq] 

2,44×101 2,40×101 2,19×101 2,02×101 

GWP [kg CO2-eq] 1,77×100 1,76×100 1,74×100 1,16×100 

POCP [kg ethylene-Eq] 9,10×10-4 9,20×10-4 9,60×10-4 6,70×10-4 

Stratospheric ozone depletion [kg 
CFC-11-Eq] 

1,00×10-7 1,00×10-7 1,00×10-7 5,00×10-8 

Resource P [kg P] 4,66×10-3 4,80×10-3 5,65×10-3 1,41×10-3 

Resource K [kg K2O] 3,22×10-2 4,38×10-2 5,31×10-2 1,64×10-3 

Land occupation, total [m2a] 2,02×100 2,58×100 2,96×100 1,17×100 

Eutrophication [kg N] 2,19×10-2 2,46×10-2 2,62×10-2 1,04×10-2 

Acidification [kg SO2-Eq] 2,18×10-2 2,15×10-2 2,16×10-2 9,98×10-3 
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Figure 16. Relative results for the Spanish meal scenarios (SOY pork chop meal as reference = 100%). 
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The production of electricity proved to be an important difference between the meals in the 
Swedish scenario and the Spanish scenario. Swedish electricity production is mainly based on 
nuclear and hydro power (90%); the emissions of eutrophying, acidifying and green house gases 
are very low from these power sources. This means that products that use a lot of electricity are 
not so burdened with emissions, you could say that by using the Swedish electricity mix products 
that use a lot of electricity are favoured; in our case this favours the sausage and especially the 
pea burger meal. The Spanish electricity mix, on the other hand, is based manly on coal, nuclear 
and hydropower, so the emissions from the electricity production are higher. Here, the 
contribution for the pea burger meal is higher than for the Swedish scenario, but it is still 
substantially lower than the meals with animal protein. 

Apart from the difference in electricity production, the main distinction between the Swedish and 
Spanish scenario is due the difference in environmental impact of producing peas and pork; in 
general the impact is higher in Spain compared to Germany. This is due to the comparatively low 
yield levels of peas, and in addition, for the pork production, the high level of incorporation of 
peas as well as the higher share of imports and the lower conversion rate of feed to meat 
disfavour the results for GLEU in Spain. Another difference is at the household level; in the 
Spanish scenario the potatoes are oven baked which is more energy demanding than the boiling 
of potatoes in the Swedish scenario.  

 

Discussion 
In order to quantify the potential environmental benefit of a transition to consuming more grain 
legumes in our diets, we have chosen to look at the environmental impact of meals as a base. This 
facilitates communicating the results; by presenting the difference in environmental impact 
between one meal and another, this gives a good decision basis for consumer and other groups. 

The four meals that have been compared for each country scenario are equal when it comes to the 
basic function: providing nutrition. However, they are not the same if you consider other 
properties, e.g. they do not provide the same taste experience. This is a methodological issue 
within LCA, to compare the environmental impact of products that provide slightly different 
functions; in order to deal with this you have to determine which function you prioritise, and in 
our case we have chosen the nutritional value of each meal, with particular focus on protein and 
energy content. 

Generally, the study shows that vegetarian meals are associated with less environmental impact 
than meals with animal protein, eutrophying and acidifying emissions, as well as green house gas 
emissions are much lower. Concerning energy use the picture is however different, the vegetarian 
meals use about the same amount of energy as the meals with animal protein, which is due to a 
more energy demanding processing in industry of the pea burgers (mainly from freezing the 
product). The data used for the processing come from a relatively small scale plant in Sweden, 
which means that it is likely there is potential for energy savings, but this is an area that needs to 
be explored further. The choice to study a frozen vegetarian product also affects the results; with 
an increased consumption, chilled products might become more common and this would lead to a 
lower energy use in the industrial processing. 
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The land use is considerably lower for the vegetarian meals, simply due to the fact that a large 
amount of vegetable protein is needed to produce animal protein. It is more efficient to eat the 
grain legumes directly than to first feed it to an animal and then eat the animal. Efficient land use 
is central in sustainable development. The resource of arable land is likely to become still more 
valuable in the future considering the combination of an increasing global population which at 
the same time increases its meat consumption due to improved economic welfare. Furthermore, 
the demand for bio energy is likely to increase when the price for oil escalates. 

In the sausage meal, part of the animal protein was replaced by pea protein; however, compared 
to the pork chop meals the sausage meal still had a higher environmental impact due to the 
amount of sausage needed to cover the protein needs of the meal. Hence, in this study it proved 
much more environmentally beneficial to produce a fully vegetarian meal than to partly replace 
animal protein with pea protein. Still, the pea protein in the sausage had a very small contribution 
to the overall environmental impact of the sausage meal, so if a larger part of the animal protein 
can be replaced, say 50% of the animal protein instead of 10% that we assumed, the 
environmental impact of the sausage meal would probably be lower than the meals with pork 
chop. However, this would of course alter the sensory experience of the sausage; further work is 
therefore needed to explore the feasibility of exchanging animal protein with vegetable protein in 
meat products. 

The fact that the sausage meal was slightly worse in terms of environmental impact than the other 
meals, proves that choosing a meal, as opposed to single food products, as the functional unit was 
the right decision. In the pork chop meals potatoes needed to be added to match the carbohydrate 
levels in the other meals (the sausage and pea burger contain high levels of carbohydrates), and 
potatoes also contain some protein, resulting in more sausage was needed in the sausage meal to 
match the protein level of the pork chop meals. This is something we would have missed if only 
single food products were studied (i.e. comparing the sausage to the pork chop). Furthermore, 
presenting the results per meal facilitates communication of the results, as they are easy to 
interpret. 

The question of how a large scale transition to vegetarian diets would affect the environment and 
economics is extremely complex. Vegetarian meals often use less arable land, so in this sense 
they are less resource intense. On the other hand, vegetarian meals can involve more processing, 
and thereby demand more energy. Another aspect is if the vegetarian diet contains many ‘exotic’ 
foods that are produced on other continents and require chilled transport or air freight, then it is 
doubtful if this diet is more resource efficient than a traditional meat based diet. But even if we 
simplify and assume that it is mainly meat that is being replaced by locally or regionally grown 
grain legumes, the consequences of a vegetarian diet are still not easily determined. In the short 
run, the need for land would decrease, which would affect the profitability of farming in a 
negative way, as there would be a situation of surplus of land. At the same time, this could 
improve the possibilities of increasing production of bio energy (e.g. salix for district heating), 
which will be an important part in efforts to reduce the dependency of fossil fuels, and this could 
also be a potential economic source for the farming community. A reduced production of milk 
and beef will lower the growing of grass and clover, which can have negative consequences for 
the soil fertility, the growing of grass and clover is beneficial to the soil structure and also 
increases the level of organic matter in the soil. However, such effects could be prevailed by 
growing crops that are then ploughed down into the soil, or by growing energy crops. These 
crops could then be harvested and used for producing bio gas or for combustion. 
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There are other more straightforward assumptions that might have an effect on the results. A 
substantial amount of potato waste is generated at the consumer (mainly from peeling the 
potatoes); we have not included the waste treatment of this flow in this study, due to lack of data 
on how it is treated. For example, if the potato waste goes to incineration, heat is generated which 
gives the system an environmental benefit. But if the waste goes to landfill, this would generate a 
leakage of nutrient and forming of methane which increases the environmental impact. When 
comparing the four meals, the omission of this waste treatment means that the environmental 
impact of the pork chop meals is either overestimated or underestimated depending on which 
waste treatment method is used. But we still judge that this effect is too small to alter the overall 
comparison between the meals. The most important aspect when it comes to waste, or resource 
efficiency, is that it affects the amount of food that needs to be delivered from the farm in order 
to provide a certain amount on the dinner table; hence, a lot of waste means that environmental 
impact has been caused at the farm to no use.  

The consumer transport, i.e. the transport between the shop and the household, gives a 
considerable contribution to global warming. This is despite the fact that we have only considered 
food trips with the sole purpose of shopping for food, i.e. trips made in conjunction with other 
errands are not considered here. So it is even likely this transport is slightly underestimated. 
Consequently, reducing the consumer transport would have a considerably positive effect on the 
overall environmental impact of a meal. 

We assume that waste from the slaughter process (fat and bones) is incinerated to generate heat in 
the Swedish scenario, and that this heat replaces combustion of oil (which is the marginal energy 
source). Even if this is not always the case, e.g. meat and bone meal can also be used as fertiliser, 
it is still a reasonable scenario for treatment of abattoir waste. 

The data for tomato production do not include use of energy as a resource (only emissions for 
energy production) and use of land; this means the overall results for energy and land use is 
slightly underestimated for all meals (the amount of tomatoes is the same in all meals so this does 
not affect the comparison between meals). 

Conclusions and outlook 
For most environmental impact categories considered in this study the vegetarian pea based meal 
has a significantly lower impact than the animal protein based meals. This is the case in both the 
Swedish and Spanish scenarios. 

In order to achieve any environmental gain of replacing animal protein with pea protein in meat 
products, a larger share than 10% of the animal protein needs to be replaced. It is significantly 
more environmentally beneficial to provide a fully vegetarian meal, than to replace 10% of the 
animal protein in a meal with vegetable protein. 

The potential to develop more energy efficient processing for pea based food products needs to 
be explored. 

Raw material efficiency, i.e. reduced wastage at all stages in the production chain, is a key issue 
to lower the environmental impact of all meal types, especially for food products with high 
impact at the farm level (e.g. pork). 

The resource efficiency at the farm level (e.g. yield) plays an important role in the overall 
environmental impact of a meal, but the stages after the farm are also very important. In terms of 
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energy use, a significant amount is used in industry, at the retailer, transporting the food from the 
retailer, and also for storing frozen foods and cooking food in the oven in the household. Further 
work is needed to explore ways of improving the energy efficiency of all these steps. 
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Appendix 1 Transport data 

Table 23. Transport of products in the food chain in the Swedish scenarios (source: www.michelin.com and assumptions). 

Product From and to Mode of transport, data used Distance [km] 
Pigs Farm - slaughter house Lorry, 40 ton, load factor 70%, Ecoinvent 200 km, plus empty return 
Pork chop Slaughter house Germany – distribution – 

retailer in Sweden 
Lorry, 40 ton, load factor 70%, Ecoinvent 1 400 km, plus 5% added due to 

chilled transport 
Wheat Farm - mill Lorry, 40 ton, load factor 70%, Ecoinvent 120 km, plus empty return 
Wheat flour Mill Germany – industrial bakery Sweden Lorry, 40 ton, load factor 90%, Ecoinvent 1 400 km 
Potatoes Farm - packer Lorry, 40 ton, load factor 70%, Ecoinvent 50 km, plus empty return 
Potatoes Packer – distribution centre - retailer Lorry, 40 ton, load factor 70%, Ecoinvent 385 km 
Tomatoes Farm - packer Lorry, 40 ton, load factor 70%, Ecoinvent 50 km, plus empty return 
Tomatoes Packer in Spain – distribution centre – 

retailer in Sweden 
Lorry, 40 ton, load factor 90%, Ecoinvent 3 250 km 

Sausage meat Slaughter house Germany – Sausage 
industry Sweden 

Lorry, 40 ton, load factor 70%, Ecoinvent 1300 km plus 5% added due to 
chilled transport 

Sausage Industry – retailer Sweden Lorry, 40 ton, load factor 70%, Ecoinvent 230 km plus 5% added due to 
chilled transport 

Peas Farm – pea fractioning industry Lorry, 40 ton, load factor 70%, Ecoinvent 300 km 
Pea protein Industry Belgium – Sausage industry 

Sweden 
Lorry, 40 ton, load factor 70%, Ecoinvent 1400 km 

Potato starch Starch industry Germany – sausage/burger 
industry Sweden 

Lorry, 40 ton, load factor 70%, Ecoinvent 1300 km 

Peas Farm Germany– pea burger industry 
Sweden 

Lorry, 40 ton, load factor 70%, Ecoinvent 1 300 km 

Rape seed Farm – oil industry Lorry, 40 ton, load factor 70%, Ecoinvent 200 km 
Rape seed oil Industry – pea burger industry Lorry, 40 ton, load factor 70%, Ecoinvent 1 300 km 
Pea burger Industry – retailer Sweden Lorry, 40 ton, load factor 70%, Ecoinvent 230 km plus 10% added due to 

chilled transport 
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Table 24. Transport of products in the food chain in the Spanish scenarios (source: www.michelin.com and assumptions). 
 
Product From and to Mode of transport, data used Distance [km] 
Pigs Farm - slaughter house Lorry, 40 ton, load factor 70%, Ecoinvent 200 km, plus empty return 
Pork chop Slaughter house – distribution – retailer Lorry, 40 ton, load factor 90%, Ecoinvent 230 km, plus 5% added due to 

chilled transport 
Wheat Farm - mill Lorry, 40 ton, load factor 70%, Ecoinvent 200 km, plus empty return 
Wheat flour Mill – industrial bakery Lorry, 40 ton, load factor 70%, Ecoinvent 100 km, plus empty return 
Potatoes Farm - packer Lorry, 40 ton, load factor 70%, Ecoinvent 50 km, plus empty return 
Potatoes Packer – distribution centre – retailer Lorry, 40 ton, load factor 70%, Ecoinvent 385 km 
Tomatoes Farm - packer Lorry, 40 ton, load factor 70%, Ecoinvent 50 km, plus empty return 
Tomatoes Packer – distribution centre – retailer Lorry, 40 ton, load factor 70%, Ecoinvent 385 km 
Sausage meat Slaughter house Spain – Sausage 

industry Spain 
Lorry, 40 ton, load factor 70%, Ecoinvent 300 km plus 5% added due to 

chilled transport 
Sausage Industry – retailer Spain Lorry, 40 ton, load factor 70%, Ecoinvent 230 km plus 5% added due to 

chilled transport 
Peas Farm Germany – pea fractioning industry 

Belgium 
Lorry, 40 ton, load factor 70%, Ecoinvent 300 km 

Pea protein Industry Belgium – Sausage industry 
Spain 

Lorry, 40 ton, load factor 70%, Ecoinvent 1400 km 

Potato starch Starch industry Germany – sausage & 
pea burger industry Spain 

Lorry, 40 ton, load factor 70%, Ecoinvent 1300 km 

Peas Farm Spain– pea burger industry Spain Lorry, 40 ton, load factor 70%, Ecoinvent 200 km 
Rape seed Farm - industry Lorry, 40 ton, load factor 70%, Ecoinvent 200 km 
Rape seed oil Industry Germany – pea burger industry 

Spain 
Lorry, 40 ton, load factor 70%, Ecoinvent 1 300 km 

Pea burger Industry – retailer Spain Lorry, 40 ton, load factor 70%, Ecoinvent 230 km plus 10% added due to 
chilled transport 

Mineral water Extraction – bottling – retailer Lorry, 40 ton, load factor 70%, Ecoinvent 430 km, plus empty return 
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Appendix 2 Data for production of pork, wheat and peas in Spain and Germany 

Table 25. Data for production of 1 kg of pig at the farm gate (live weight) in Catalonia (CAT), Spain, and North Rhine-Westphalia (NRW), Germany with 
two different feed compositions: SOY= soy bean meal and cereals, and GLEU=peas, rape seed, soy bean meal and cereals (Source: Baumgarnter, 2008). 

 PORK CAT SOY PORK CAT GLEU PORK NRW SOY PORK NRW GLEU 

Non-renewable energy resources, fossil & nuclear [MJ-eq] 3,07×101 2,80×101 2,41×101 2,43×101 

GWP 100a incl land transformation [kg CO2-eq] 3,85×100 3,78×100 2,99×100 2,84×100 

Photochemical ozone formation, high NOx POCP [kg ethylene-
Eq] 1,01×10-3 9,86×10-4 8,71×10-4 8,76×10-4 

Stratospheric ozone depletion, ODP 100a [kg CFC-11-Eq] 1,66×10-7 1,52×10-7 1,25×10-7 1,27×10-7 

Resource P [kg P] 1,85×10-2 1,60×10-2 7,03×10-3 8,72×10-3 

Resource K [kg K2O] 9,01×10-2 1,10×10-1 2,59×10-2 4,92×10-2 

Land occupation, total [m2a] 7,64×100 9,74×100 3,74×100 4,14×100 

Nutrient enrichment, combined potential [kg N] 7,18×10-2 8,45×10-2 4,05×10-2 4,04×10-2 

EDIP, acidification [kg SO2-Eq] 7,22×10-2 7,07×10-2 5,00×10-2 5,00×10-2 
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Table 26. Data for production of 1 kg of wheat and 1 kg of peas in Catalonia (CAT), Spain, and North Rhine-Westphalia (NRW), Germany (Source: 
Baumgartner, 2008).  

 WHEAT CAT PEAS CAT WHEAT NRW PEAS NRW 

Non-renewable energy resources, fossil & nuclear [MJ-eq] 4,71×100 4,49×100 3,46×100 3,47×100 

GWP 100a [kg CO2-eq] 6,72×10-1 1,09×100 5,48×10-1 5,59×10-1 

Photochemical ozone formation, high NOx POCP [kg ethylene-Eq] 1,42×10-4 2,12×10-4 1,06×10-4 1,61×10-4 

Stratospheric ozone depletion, ODP 100a [kg CFC-11-Eq] 3,37×10-8 3,64×10-8 2,47×10-8 2,64×10-8 

Resource P [kg P] 1,17×10-2 7,75×10-4 3,67×10-3 5,84×10-3 

Resource K [kg K2O] 9,01×10-2 4,80×10-3 1,54×10-2 5,91×10-2 

Land occupation, total [m2a] 2,68×100 7,91×100 1,44×100 2,61×100 

Nutrient enrichment, combined potential [kg N] 8,56×10-3 4,19×10-2 7,08×10-3 9,00×10-3 

EDIP, acidification [kg SO2-Eq] 4,23×10-3 2,92×10-3 3,12×10-3 1,80×10-3 

 
 


