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Summary 

 

This report summarizes the work on establishing the average environmental impact of production 

of protein food consumed in Norway using the LCA (Life Cycle Assessment) method. The study is 

a part of Work Package 1 in the research project FoodProFuture (“Innovative and Sustainable 

Exploitation of Plant Proteins in Future Foods” ), a four year project in collaboration with Nofima, 

Nibio, NMBU, RISE and 5 other research institutes and 11 partner companies, e.g. Orkla, Mills, 

BAMA, Cerealia, Borregaard, AM Nutrition and Norsk Matraps. 

 

The purpose of the study was to establish a “baseline” against which, other alternative protein 

foods could be compared. These alternative proteins  foods are based on the plant protein sources 

faba beans, peas and oats as well as residual products from rapeseed and potato.  

 

The intention of this report has been to serve as a point of reference when evaluating 

environmental impacts of alternative protein sources, in particular different raw materials based on 

plant proteins. The emphasis has not been on finding life cycle impacts of individual product 

groups. The uncertainty of the results has not been calculated, but based on findings in many other 

studies, it is probably high. Thus, it is recommended to use great caution when using the LCA 

results from this study as a basis for comparison between products. 

 

The calculations only include impacts from primary production to the point where the products is 

ready to be processed, hence the results should not be interpreted as giving the full impact of 

protein foods consumed in Norway. The environmental impact of the different protein food 

categories varies considerably from product category to product category. Although care has been 

taken to analyse all product categories using identical methodology, there are differences in the 

LCAs performed, in particular in the input data used in the assessments.  

    

The result of the study is quantified environmental impacts and resource use for 22 different 

product categories, i.e per kg raw material produced (including the water content they naturally 

have)  and per kg protein in the raw material.   

 

The main outcome of the study is an estimate for average contribution to environmental impacts 

and resource use of the average protein consumed in Norway by inhabitants in Norway. The 

results have been weighted based in consumption of the different raw materials to reflect weighted 

average for the total amount consumed.  
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1 Introduction 

This report is a deliverable of the FoodProFuture project, Work Package 1. FoodProFuture 

(“Innovative and Sustainable Exploitation of Plant Proteins in Future Foods”) is a Norwegian 

research project funded by the Norwegian Research Council that started in April 2017 and will end 

in April 2021. Nine national and five international research institutions from 5 different EU countries 

take part, of these NMBU (project owner), Nofima, NIBIO, Ostfold Research and NTNU have the 

largest share. Fourteen companies from food industry companies are participating as partners in 

the project.  

 

The main goal of FoodProFuture is specified as follows:  

“To develop the knowledge platform for optimal production and utilization of Norwegian plant 

raw materials into tasty, healthy and attractive plant-based food products with high protein 

content. The combination of knowledge from this platform will enable the Norwegian food 

industry to produce high quality and more sustainable plant-based alternatives to animal 

products and propose a path forward for accelerating the adaption and value creation from 

plant-based protein-rich resources to future food products”. This report contains the findings of 

task 1.1 of the work package 1 on environmental and social sustainability: “T1.1 Analyse and 

compare environmental sustainability of existing high protein raw materials (meat, dairy and 

fish products) with high protein plants grown in Norwegian conditions”.  
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2 Background 

Many consumers in Norway seem to have an intention to reduce consumption of meat. The sales 

of food products that has the same function as meat but which contain protein from other sources 

is sharply increasing (Gonera and Milford 2018). In some cases, the alternative protein source is 

also of animal origin, such as eggs and milk, but, in most cases, plant protein is the alternative.  At 

the same time, 55 % of all men and 33 % of all women over 18 years consume red and 

processed meat exceeding the weekly recommended maximum limit of 500 grams (The 

Ministries 2017) .  

 

The current diet of most Norwegians already contains a lot of plant protein in the form of wheat and 

to a certain extent oat, but the consumption of other plant protein is low.  Even though Norway only 

has 3 % arable land, a cold climate and with almost all arable land used for agricultural purposes, 

there is a potential to increase the production of plant protein. The FoodProFuture project 

investigates production of faba beans, peas, oats and residual products from oil seeds and 

potatoes to be used in food products.  

 

Environmental impacts of food products in Norway have been studied, but even for main protein 

sources such as meat, seafood, dairy products, eggs and cereals, there are still large data gaps. 

Due to a rapid development in LCA methodology, older research (e.g. older than 10 years), give 

results that can be very different from more recent research and should be used with caution. In 

addition, results from studies with more recent data could not be used as comparison because they 

are based on different methodological choices. The differences may not be large, but they are 

large enough to make the results not comparable. For example, results from some Norwegian LCA 

studies published in 2012-2013 on milk, pork, dairy beef, cereals and bread could not be used due 

to methodological choices, but the data on which they were based could be used in new studies. 

The reason is first of all that the ReCiPe LCIA method used in those studies has been replaced by 

more recent versions that for some impact categories give very different results.   

 

 When it comes to agriculture production, aquaculture production and fisheries, there are in some 

respect large differences between Norway and other countries. The most important are natural 

conditions such as climate but also agricultural methods and structural factors such as subsidies 

and politics, e.g. the Norwegian zoning policy. Hence, it was decided not to use studies from other 

countries to represent food produced in Norway. It was thus necessary to conduct new LCA 

studies of all the most important protein sources in the Norwegian average diet, based in a 

common methodological framework.     
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3 Protein food consumption in Norway. 

The consumption of food in Norway has been studied in several projects. In this study, numbers 

from the Norkost 3 (Totland et al 2012) study have been used since this study focus on end 

consumption and give a more holistic picture than if information from several different sources 

would have to be used, e.g. data from retail, restaurants, hospitals and canteens. For meat 

consumption, data from Animalia has been used to give a more correct picture of meat 

consumption.  

 

The data have been analysed, and the distribution of foods per kg product (figure 1) and per kg 

protein (figure 2) are presented below.  

 

 

Figure 1. Overall composition of food and beverage consumption based on weighted kg product 

(stimulating beverages excluded). 

 

 

From figure 1 we see that the main food categories consumed are dairy products, fruit and berries, 

meat, vegetables and meat. In this study the provision of protein was the main function, hence 

products containing little protein was removed.  

 

Figure 2 contains only the products that have a high protein content and/or are important sources 

of protein. The protein content of the products varies greatly, e.g. between milk and meat. Thus, in 

this figure, only the protein content of the products is represented. As an example meat represents 

34,7 % of the total ingested protein but the weight % of meat consumed is different (as seen in 

Figure 1). Some products are included even though they contain very little protein, e.g. potatoes, 

fruits and vegetables. This is done to visualize the fact that even products with a low protein 

content have a noticeable contribution to Norwegian protein consumption, because they are 
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consumed in large amounts. However, these products of low protein content are not included in the 

LCAs performed in this report.    

  

 

 
 

Figure 2. Overall composition of food and beverage consumption based on weighted kg protein. 

 

Figure 2 shows that the most important contributors for protein in Norwegian households are meat 

and dairy products; with these products adding up to almost 60 % of the total protein consumption. 

Cereals is another important protein source with 22,4 % of the total, whereas seafood only 

contributes 11,2 %. Alternative high protein products exist, but e.g. legumes only contribute 0,5 %, 

far below that of eggs, the smallest of the above-mentioned main categories.  



Life Cycle Assessment of the existing protein consumption in Norway    

 

6 
 

4 LCA methodology 

In the following chapters the LCA methodology is described in accordance with ISO 14040-44.  

 

4.1 Goal  

The main purpose of the FoodProFuture project is to generate knowledge to facilitate the 

production of plant protein-rich products grown in Norway that can be used to manufacture food 

products. The plant protein is assumed to be grown and processed in Norway. The goal of the 

sustainability studies in this project is to calculate the sustainability of raw materials in comparison 

with existing protein products in Norway.  

 

The goal of this study was to estimate the environmental impact of the most important protein 

sources for Norwegian consumers, as an average and individually for the main product categories. 

The main product categories are meat, seafood, dairy products, eggs, cereals and bread. The 

selection of these categories is based on the compilation of per kg protein consumption in Norway 

(chapter 3). 

 

4.2 Scope 

The products included in the study are given in table 1. The reason for including these studies is 

that they cover the major sources of protein in Norwegian food consumption today.  

 

Table 1. Main food categories covered in this study. 

Main category Product categories 

Meat Beef, pork, chicken meat, lamb and sheep meat, venison and other meat  

Seafood Salmon (aquaculture), cod, saithe, herring, mackerel and prawns 

Dairy product Cheese, regular milk (4 % fat), low fat milk, very low-fat milk, skimmed milk 

and yoghurt.  

Eggs Eggs from hens 

Cereals and 

bread 

Wheat, oats, barley, rye and bread 

 

This study covers only food that is produced in Norway, but many inputs are produced abroad, e.g. 

fuels, fertilizers, pesticides and animal feed concentrate ingredients. The reasons for only including 

Norwegian production are:  

 

1. The import of these products has, except for wheat, traditionally been low. Wheat has a low 

impact compared to the other product categories, hence the uncertainty in the main results 

caused by not considering imports is expected to be low.   

2. The amount of product imported can vary a lot from year to year and the source of the 

imports can vary to a large degree.  
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Table 2 shows the share of imports for some important food categories covered in this analysis. 

The numbers are averages for the years 2016-2018 and are calculated based on numbers from 

the Directorate of Agriculture Market report 2018, statistics from the Statistical Bureau in Norway 

and the Norkost 3 report. Except for food cereals, the import share is relatively low. Seafood is not 

included in the table, but statistics show that there is a net export of seafood from Norway, and 

thus imports can be neglected.   The numbers in the table are probably too low because they do 

not include products “border trade”, e.g. bought by consumers in other countries, and raw materials 

imported as combined products such as pizzas. Still, in the absence of reliable and precise data on 

amounts imported and life cycle data on how these imported foods (as raw materials or in 

combined products) were produced, it was decided to focus on Norwegian production.    

Table 2. Calculated share of domestic production. 

 
 

4.2.1 Function and functional unit 

The functional unit (FU) is the unit on which the estimates of the LCA results is based. The unit 

answers questions like how much, how good and how long. For example, for paints, it is more 

interesting to have a unit that includes the amount of paint used to protect 10 m2 wall, within 

certain quality requirements, for 15 years than just 1 kg of produced paint. For foods, there are 

many functions that are all important, which makes it difficult to focus on one function. Even just 

focusing on  the main function, which is nutrition is very complex. Therefore, the most common 

functional unit for food products is to use mass, such as 1 kg.  

 

The functional units were in this project chosen as:  

 

1. One kg product as raw material at the primary processing plant 

2. The amount of product containing 1 kg protein, as raw material at the primary processing 

plant.  

 

 

Functional unit no 2 is calculated on the basis of protein content values given I Appendix 3. The 

unit is calculated by dividing the impact of one kg of product by the share of protein in the product. 

Product

Share domestic production 

(%)

Pork 98

Beef 84

Mutton 98

Chicken 99

Eggs 100

Milk 100

Cheese 85

Yoghurt 88

Bread 90

Food cereals 48
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For example, if the climate impact is 5,0 kg CO2-eq pr kg product and the protein content in the 

product is 20 %, the climate impact per kg protein is 5,0/(
20

100
)    = 25 kg CO2-eq/kg protein  

 

4.2.2 System boundary 

The system boundary of this study was from cradle to finished raw material, which is in line with 

the system boundary of the FoodProFuture project. This system boundary is shown in Figure 3, 

Figure 4 and Figure 5 for products from animal husbandry and fish farming, products from fisheries 

and farming and plant products, respectively.  

 

 

 

Figure 3. Studied system, products from animal husbandry and fish farming. 

 

 

 

 

Figure 4. Studied system, products from fisheries and hunting. 

 

 

 

Milk

Manure

Waste

Edible meat, unprocessed

Production of feed Animal husbandry

Fuel, limestone, seeds, 

fertilizer, pesticides, machines, 

buildings, water, land

Energy, buldings, 

machines, parent 

animals

Dairy products

Emmissions of NH3, Nox, CH4, N2O from enteric 

fermentation and manure

Edible by-prouducts

Hides, wool, and other non-edible by-products

Main catch

Fisheries

Fuel By-catch

Fishing boat and equipment

Emissions of cooling agent, hull protection chemicals, etc

Edible products

Non-edible by-products
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Figure 5. Studied system, plant products. 

 

The term “raw material” is not identical for all product categories as it is defined by what we 

assume the food industry mainly use as raw material to produce food products. For the plant 

protein sources oats, faba beans, peas and rape press cake, which are the main focus of this 

study, this raw material is defined as a high protein fraction ready to be used in products. For 

animal-based product the raw material is assumed to be undifferentiated and unprocessed edible 

product, e.g. meat, egg and fish filet, or a processed product such as low-fat milk or cheese. For 

the existing predominating plant products, the system ends when cereals have been dried. Bread 

ingredients are included, but not processing of ingredients (e.g. wheat grain into wheat flour) and 

baking of bread. Vegetables, potatoes and legumes are also assumed to be minimally processed 

and ready for processing or sale to the consumer.  

 

Because the system ends at the raw material stage and before processing to finished products, 

packaging has not been included in the system.  

 

System boundary can also be defined as a delimitation of the processes in the studied system that 

are included or excluded. The term “narrow boundary” are often used to describe an assessment 

that contains the processes that traditionally are seen as most important and for which data is most 

easily available: input of fuel, fertilizer, pesticides, electricity and only the main product as output.  

The term “wide boundaries” are used for assessments where several other factors are included in 

addition. These are typically factors that are difficult to get data on, where uncertainty is very high 

or which has been assumed in the past to be of low importance. Typical examples are:  

• production of infrastructure such as machines and buildings,  

• production of minor inputs such as pesticides or motor oil 

• processes that are demanding to analyse such as soil mineralisation, which influence on 

the soil organic carbon.  

 

Another characteristic of wide system boundary is that a larger effort is done to obtain data specific 

for the studied system. E.g. instead of using a global average of N runoff, a national or regional 

factor is used.  

 

In this study “wide system boundaries” have been used as much as possible. However, in order to 

make the completion of an LCA manageable, it is necessary to exclude some minor inputs. These 

include packaging for inputs such as fertilizer, transport of inputs to the farm, travel for 

By-products

main products

CO2 from lime 

and soil

N2O from fertilizer, manure 

(handling, storage, application)

NH3, Nox from fertilizer, manure

Fuel, limestone, seeds, 

fertilizer, pesticides, machines, 

buildings, water, land

Agriculture, 

incl drying
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bookkeeping and maintenance (and other) services, travel to the workplace, inspection by 

authorities   

 

Finally, a system boundary between natural systems and systems made by human beings must be 

set. In LCA, this is called “nature” and “technosphere”. According to Wikipedia, “Technosphere is 

another name for anthroposphere, that part of the environment that is made or modified by 

humans”. All emissions and resource use taking place in nature is not included in this study. In 

some product systems, part of the life cycle can be seen as part of nature and the remaining is part 

of the technosphere. These include cases where we harvest from nature, e.g. wild fish and 

animals. Impacts taking place before the fish/animals are caught/shot are not included in the LCAs. 

This includes methane from enteric fermentation from wild animals and emissions from the feed 

that wild fish and animals eat and direct emissions from dung and manure.  

 

4.2.3 Allocation 

Allocation means the distribution of impacts between several outputs from the same process. 

Outputs are not only materials, but also other useful resources such as energy. The impacts 

distributed are comprised of the impacts of the process itself plus all upstream impacts attributed to 

the process. Only materials that have a commercial value, are included. Products that have no 

commercial value are considered as waste, even though they may give benefits later, e.g. after 

material recycling or energy recovery.  

  

ISO 14044 specifies a decision hierarchy for multi-output processes. Firstly, splitting processes 

should be considered to avoid allocation altogether. In general, splitting of processes are not 

possible in these product systems. Secondly, system expansion should be used. This can either be 

done by taking several functions into account or by performing substitution, or the avoided impact 

approach. In general, multifunctional units is not practical in this case as we want to study products 

separately. Substitution is an option in cases where an “avoided product” can be defined within 

reasonable doubt and in cases where the coproducts are very different such as materials and 

energy. In this study, there are many alternative products for each product, e.g. ham, and it was 

not possible to identify one alternative product for each product.  

 

The next option is allocation using physical principles, interpreted by some as physical or biological 

causality and others as mass allocation. Biological causality can be established by studying the 

consequences of increasing the inputs in increments and see what happens to the outputs. One 

example is increasing the feed for a cow and observe differences in milk and meat yield. Allocation 

factors for biological causality are available for the combined meat/milk production, but not for 

other types of production as beef and fish. In order to be consistent, the causality approach is not 

used in this study. Neither is mass allocation since it would set main products such as ham, on the 

same priority level as biproducts such as pig feet. The goal of the industry is to provide nutrition for 

humans and to maximize profits, so clearly more impacts should be allocated to the high-value 

products going to human consumption. Economic allocation uses economic value to partition 

impacts between products. The value reflects product quality and is a good, but not perfect 

principle for allocating impacts. Thus, in this study, allocation based on economy is used.  
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In the case of animals, economic allocation is used between the meat and co-products such as 

wool and hides. When excluding the non-edible parts of animal or seafood products and the waste, 

there remains products going to human consumption, to animal feed and to energy purposes. The 

economic value of the products that goes to animal feed and energy is considered so low that they 

are negligible. 

 

Manure can be a co-product from animal husbandry, but in most cases,  it does not have an 

economic value. If it is used in the studied system, the benefit is included, because less mineral 

fertilizer is used. If used outside of the system, the benefit is allocated to the system using the 

manure. In the same way, straw can be a co-product for cereal production, but in Norway most 

straw is left in the field, and thus no allocation is needed.  

 

Allocation in recycling 

In cases where by-products and co-products leave the product system and enter into another 

product system, allocation, splitting or system expansion is done according to the procedure 

mentioned above. In cases where waste leaves the system and gives a benefit elsewhere, these 

benefits are allocated to the next system. The system ends when the waste is transported to waste 

handling, except for waste that is not treated. When waste is incinerated, the emissions are 

allocated to the system where the waste originates. Emissions from landfilled waste is allocated to 

the system generating waste. In Norway, it is required by law that all biodegradable waste is 

treated, hence this boundary has no impact on the results.  

  

4.2.4 LCIA methodology and impacts 

The LCIA methods ReCiPe Midpoint H 2016 version, a modified version of CML and a method 

adding up area use in different categories were used, see table 2.  There are differences between 

CML and ReCiPe, even for global warming potential, which is defined according to IPCC in both 

methods.  For example, for dinitrogen monoxide, a very important greenhouse gas, ReCiPe use a 

factor of 298 kg CO2-eq/kg, but the factor used in CML is 265 kg CO2-eq/kg. In addition, the factor 

for methane, a greenhouse gas important for some meat categories, is 34,0 in ReCiPe (both 

biogenic and fossil), whereas in CML, the value for fossil methane is 30,5 and for biogenic 

methane 27,75. Also, in the other impact categories there are differences making results between 

methods incomparable. These are the reasons for choosing the specified three methods:  

 

• The use of several methods makes the results more usable for other researchers, and this 

research more comprehensive. . 

• CML and ReCiPe are very comprehensive methods, i.e. they cover a large range of 

impacts.  

• The ILCD method was not chosen since it requires the use of ELCD database processes 

and the way of bookkeeping biogenic carbon means that the whole life cycle should be 

included to avoid confusion. If only the first part of the value chain, with the uptake of CO2 

for tree growth, is included, the GHG emissions will be very low.  

• There is not one agreed method in the Product Environmental Footprint system that shall 

be used for all protein products covered in this study.  
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• The area method is chosen because it enables a pure book-keeping approach and hence 

no weighting. If weighting is used, it should be based on physical realities in Norway and 

political priorities.  

 

Table 3. LCIA method used 

Impact category Method Date 

Climate change IPCC 2013 GWP 100a 

v.103 

October 2016 

Photochemical oxidation CML-IA baseline v. 3.05 xxx 

Acidification CML-IA baseline v. 3.05 November 2017 

Eutrophication CML-IA baseline v. 3.05 November 2017 

Abiotic depletion potential (ADP) , 

elements 

  

Abiotic depletion potential (ADP), fossil CML-IA baseline v. 3.05 November 2017 

Cumulative energy demand CML-IA baseline v. 3.05 November 2017 

Ozone formation, Human health  ReCiPe 2016 v1.1 

midpoint Hierarchist 

version. 

2016, with small 

modifications 2017 and 

2018. 

Fine particulate matter formation 

Ozone formation, Terrestrial ecosystem 

Terrestrial acidification 

Freshwater eutrophication 

Marine eutrophication 

Terrestrial ecotoxicity 

Freshwater ecotoxicity 

Marine ecotoxicity 

Human carcinogenic toxicity 

Human non-carcinogenic toxicity 

Land use 

Mineral resource scarcity 

Fossil resource scarcity 

Water consumption 

Permanent pasture  

Own method. Land use 

“substances” from 

SimaPro used, see 

appendix 3.  

 

February 2019. Natural grass 

Annual crops 

Leys and other semi-perennial grass 

Annual grass 

Technical areas (infrastructure, roads, 

etc) 

Forest area 

Permanent crops (fruit etc) 
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4.2.5 Infrastructure 

In this study, infrastructure is included in most cases when it is directly included in the processes in 

the value chain. E.g. buildings and machinery used in agriculture and for transports are included, 

whereas infrastructure used to produce packaging is not. An exception to this rule is infrastructure 

for processing where it is assumed that the production volume is so high that the impact is very 

low.    

 

The production of infrastructure was calculated in different ways. Production of tractors and 

agriculture machinery and tools was calculated using existing data from life cycle inventory (LCI) 

databases. The three LCI databases Agribalyse (Agribalyse 2017), AgriFootprint (AgriFootprint 

2017) and Ecoinvent (Ecoinvent 2017) were used in the studies. In most cases, Ecoinvent 

processes was used, but in some cases no Ecoinvent data was available, or data from the other 

databases were regarded as being of higher quality. 

The impact of production of buildings was in most cases based on database data but for two 

different buildings primary data was used: machinery shed/grain storage building and dairy cow 

stables. The impacts of these buildings were calculated using examples of actual buildings, see 

Life Cycle Inventory, chapter 6.1.   

 

4.2.6 Direct emissions from soil, animals and manure 

4.2.6.1 Emissions from soil 

 

Several gases are emitted from agricultural soils.  Dinitrogen monoxide (N2O), carbon dioxide CO2, 

ammonia (NH3) and nitrous oxides (NOx) evaporate, while P- and N-compounds leach into rivers, 

lakes and other water bodies. Some compounds are emitted in very small amounts, e.g. heavy 

metals. These emissions are ignored in this study because of insufficient data.  

 

For emissions of N2O, either directly or indirectly, IPCC Tier 1 methodology and standard factors 

were applied. The following sources were considered: mineral fertilizer, organic fertilizer, crop 

residues, N associated with soil mineralisation and dung and urine from animals on pasture.  

 

CO2 from urea and lime was calculated according to IPCC methodology (IPCC 2006).  

 

According to IPCC methodology (IPCC 2006), 10 % of mineral fertilizer N evaporates as NH3 and 

NOx, but the share of each compound is not specified. In this study, it is assumed that 0,7 % of the 

N is emitted as NOx and the rest as NH3. This is based on a global average (EEA, 2016).  

 

4.2.6.2 Emissions from animals and manure.  

Methane (CH4) is emitted directly from the animals gut, also known as enteric fermentation, and 

from manure in housing and during storage and application. Ammonia (NH3) and dinitrogen 

monoxide (N2O) is also emitted from manure.  In this study, average emissions factors from the 

Norwegian emissions inventory has been used for calculating these emissions (Sandmo T (ed) 
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2016)). Standard emission factors from the IIR report (Informative Inventory Report, 2018) was 

used to calculate NOx emissions. 

 

4.2.7 Soil Carbon Change 

Soil Organic Carbon (SOC) denotes changes in the carbon content of soils resulting in removal or 

addition of carbon as CO2 to/from the atmosphere. In Norway declines in Soil Organic Matter 

(SOM) measured has been  reported by Riley and Bakkegaard (2006).  Perennial crops give less 

SOC loss than annual crops, and in many cases can cause carbon sequestration. In Norway, SOC 

effect of production of cereals, oil crops, peas and faba beans has been calculated in previous 

studies (E.g. Bonesmo et al (2012), Korsaeth and Roer Hjelkrem (2016) . SOC effects of perennial 

crop systems have seldom been calculated. In a study of combined beef and milk production 

systems from 2013 (Roer et al 2013), the authors argued that the SOC effect from growing grass 

and from pastures was zero i.e. giving neither removal or sequestration of carbon from the soils. 

However, a recent study (Samsonstuen et al 2019) showed net on-farm carbon sequestration in 

suckler cow beef production systems.  

 

There are several methods and tools for calculating SOC effects available. In Norway, The 

Introductory Carbon Balance Model (ICBM) method seems to be most commonly used, whereas in 

Denmark and the UK, C-tool is used most often (e.g. Petersen et al, 2013) and in Finland some 

studies have used the Yasso tool. The ICBM method was developed by Swedish scientists 

(Andrèn and  Kätterer 1997). .  

 

In order to calculate SOC effects, the initial carbon content of the soil must be known through 

measurements of soil organic matter (SOM). In addition, the ICBM model need a lot of data 

regarding local conditions, e.g. temperature and precipitation. Separate calculations of SOM need 

to be done for farms individually and since there is a great geographical variation between farms in 

Norway, such calculated national averages will have large uncertainty and standard deviation.  

 

In order to make it easier to make a national average of SOC for a certain crop that can be used in 

an LCA, a simpler solution has been suggested  by Knudsen et al (2019) in Denmark, using the 

tool Ctool Their approach is to quantify SOC as the difference in soil carbon loss between the 

particular crop studied and an average crop in the country. For Denmark this average crop was 

assumed to be wheat with a specified share of straw being returned to the field. In their study, 

grass production was found to sequester significant amounts of carbon into soil, whereas cereal 

production was found to give a small reduction in  SOC, depending on whether straw was removed 

or not. Brandão et al (2011), on the other hand, used a comparison with forest, assuming that all 

land use was compared with a natural state existing before agriculture.  

 

As there is no international agreement on which method to use, and given the fact that this study 

includes production both in Norway and in other countries (but only production of inputs such as 

feed), no new SOC calculations were made. SOC estimates for cereal and oilseed production 

calculated by Bonesmo et al (2012), and for faba beans and peas calculated by Korseth and Roer 

Hjelkrem (2016) were used. These numbers are not up to date and the two studies do not use the 

same farm data, but the error introduced by using those data is not assumed to be large.  



Life Cycle Assessment of the existing protein consumption in Norway    

 

15 
 

 

No data on SOC for imported feedstuffs like rape products (seed, oil and meal), soy products (oil, 

meal and soy protein concentrate) and corn products was available, hence SOC was not included 

for these inputs. For grass production and pastures, both natural and seminatural, the results 

seems to be conflicting. Samsonstuen et al 2019 found a sequestration effect for suckler beef, 

whereas Roer et al 2013 found no such effect for dairy beef. Thus SOC was for grass production 

and pastures not included in this he study. This constitutes data gaps but the methodology used for 

calculating SOC is the same in all cases where SOC effects have been included. 

4.2.8 Waste management 

All systems produce waste, and in some cases this waste leaves the studied system. This includes 

all animal protein systems, for example animal by-products (ABP) materials from meat (as defined 

in EU Directive EC 1096/2009), some materials from aquaculture salmon, intestines and 

(sometimes) head from fish and milk discarded because of quarantine.  

 

The systems are modelled according to the Cut-Off System Model (ecoinvent, 2016a), which 

follows the “polluter pays principle” (The International EPD® System, 2015) and the “100:0 

approach” (GHG Protocol 2010). The underlying philosophy for this approach is that the primary 

(first) production of a material is always allocated to the primary user of the material. If a material is 

recycled, the primary producer does not receive any credit for the provision of any recyclable 

materials. As a consequence, secondary (recycled) materials bear only the impacts of the recycling 

processes. For example, recycled paper only bears the impacts of the recycling process of turning 

waste paper into recycled paper. It is free of any burdens of the forestry activities and processing 

required for the primary production of the paper. Nevertheless, the incineration of waste is 

allocated completely to the treatment of the waste. The burdens lay with the waste generator, 

according to the polluter pays principle. Hence, the general rule applied in this study is to include 

all impacts due to transport of these materials to the treatment facility. If the material is not treated, 

or incinerated but instead landfilled, all impacts are allocated to the system producing the waste. If 

the waste is treated in a way that gives benefit, these benefits and the impacts of the treatment 

processes are allocated to the system using the waste resources as materials or energy.  If the 

systems in this study use materials or energy generated from waste in other systems, the same 

rule is applied. The benefits of the materials and energy, along with the treatment process impacts 

are allocated to the system taking advantage of the benefits.  

 

4.2.9 Data quality 

The characterization of quality of  data used in this study was taken from other, mostly peer-

reviewed studies with quality assessments. The different quality dimensions are addressed below.  

 

Time: The analyses are done on a one-year basis. In general, the variation from year to year can 

be large in plant crops and fisheries but is usually small in animal husbandry and aquaculture. For 

plant crops (including feed to animals) and fisheries average data for 3-5 years have been used, 

whereas for the other products, data from one year production has been used in the study.  
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Geography: The geographical boundary of this study is mainland Norway. Although part of the 

protein products consumed in Norway are imported, the majority is produced in Norway. For fish 

there is even a big export. Thus, only production in Norway is included in the assessment.  Wheat 

and bread are important exceptions. Especially for wheat, the imported quantities are high.  

Some datasets used in the calculations are from Sweden, e.g. eggs, lamb/sheep, suckler beef, 

chicken and milk products. For milk products, the main input as raw milk, is based in Norwegian 

data.  

 

Technology: The technology used is mostly conventional production. There are differences in 

technology between different productions in conventional agriculture, but the data used is assumed 

to reflect these differences,    

 

Precision: The precision of the data is assumed to be good, given that primary data has been 

used, and a lot of this data comes from invoices (e.g. amount product delivered) or from inputs that 

are weighed before use (e.g. amount of fertilizer and pesticides).  

 

Completeness: The data collected reflect the whole population in varying degrees. For wild fish, 

the data reflect a large part of the fishing fleet, whereas for prawn, only one boat is included. For 

several studies, e.g. eggs, dairy beef and milk, the data used is collected from just a few farms, but 

these farms are assumed by expert to be typical farms and thus representing a large proportion of 

Norwegian production.   

 

Representativeness: The data is evaluated by experts to be representative for the whole country 

it is collected from, in most cases Norway. For eggs, lamb/sheep, chicken, suckler cow beef and 

dairy products, data has been collected from Sweden. It is assumed that this production is not very 

different from Norway, due to similarities in climate and technology.    

 

Consistency: There have been two different approaches to gather data, one based on model farms 

and another on national statistics. This constitutes an inconsistency, but it is assumed that the 

expert opinion used when choosing model farms compensates for the possible error introduced.  

 

Reproducibility: Data sources: In general, primary data has been used for primary production, 

transport and pre-processing (e.g. slaughterhouse for animals, and drying for cereals). Secondary 

data have been used for most inputs, except in cases where production takes place in Norway.   

 

Uncertainty: The uncertainty of the input data is not known. In addition, the uncertainty stemming 

from modelling choices and assumptions made are difficult, if not impossible to quantify. Hence, it 

was not possible to assess total uncertainty of the results. However, for three selected products a 

Monte Carlo simulation was carried out in SimaPro, the LCA calculation software. 

 

4.2.10 Land Use Change (LUC) 

Direct land use change (dLUC) has been included in the assessment but indirect LUC (iLUC) has 

been excluded. The reason is that iLUC concerns effects outside of the studied system, and that 
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the connections between the global land use addressed in iLUC and the local land use in this study 

is not straightforward.    

 

dLUC is taken into consideration and, in accordance with IPCC, emissions are evenly allocated to 

crops the 20 years after the change has taken place, i.e. with 5 % every year. In many cases, the 

details about land use change in a given area is not known. In such cases assumptions must be 

made. In this study, several crops grown in other countries are important feedstuffs. This includes 

soy grown in Brazil, used in animal husbandry and in aquaculture.  

  

4.2.11 Transports 

Transports of the most important raw materials and of finished product from farm to processing and 

storage are included in this study. Impacts have been calculated using the tonne-kilometer method. 

In these calculations, standard numbers for degree of utilisation of cargo and of the return transport 

have been used.  

 

 

4.2.12 Energy 

Electricity impact was calculated using database data from Ecoinvent. National average electricity 

delivered to the grid was used in all cases. The relevant voltage was used, in most cases low 

voltage. Other energy sources were diesel, natural gas (as CNG or LNG) , LPG, biofuel such as 

wood pellets, marine gas oil, and other fuel oils. In all cases, Ecoinvent data was used to calculate 

impacts. The choice between different Ecoinvent processes was made based on knowledge on the 

machinery used and scale of production.    
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5 Biodiversity method 

The impact of food production on biodiversity is a complex issue, both in agriculture, aquaculture 

and fisheries. The number of organisms is high, on several trophic levels and the interactions 

between neighbouring areas to the food production is complex.  

 

In this study, a simplified method, developed by Knudsen et al (2017) was used. In this method, 

the area occupied by the product system within a certain category, e.g. the amount of soil to grow 

arable crops, is multiplied with a characterisation factor, see table 4 and 5. The procedure is 

repeated for all area categories and the results are added up to a single score. The single score 

can be used as a rough estimate of the biodiversity impact of a product system. The 

characterisation factors give a number of the species diversity of a certain area category, 

compared to the diversity of an area that is untouched by human beings. For Europe, the reference 

area used is assumed to be a forest. The factor for conventional arable crops for Denmark is 0,51. 

That means that there are 51 % less species in fields of arable crops than in a natural forest. 

Factors below 0 indicate that the biodiversity is higher than for a natural forest. Biodiversity impacts 

will vary from place to place even if the same product is grown and similar technology is used. No 

characterisation factors have been developed for Norway, but factors for Europe (Table 5, 

Mogensen et al, 2018) and Denmark (Table 4, Knudsen et al 2017) exist.  

 

From the life cycle inventories used in the LCAs, amount of area used in the different categories 

was calculated. Calculation of biodiversity scores were done using each of these set of factors and 

the amounts of area occupied for the average Norwegian protein food consumed.  

 

Table 4. Biodiversity characterisation factors for Denmark. 

 
 

Table 5. Biodiversity characterisation factors for Europe. 

 
 

 

 

 

Characterisation factor Organic Conventional

Arable crops 0,21 0,51

Pasture average -0,34 -0,23

Natural grass -0,34 -0,34

Hedges -0,15 -0,02

Characterization factors Conventional Organic

Annual crop, not grass 0,68 0,29

Grass in crop rotation 0,09 -0,12

Permanent grass -0,23 -0,34

Natural grass -0,34
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6 Life cycle inventory 

This chapter contains an overview of the data used in the Life Cycle Assessments in this study. It 

also contains an overview of database processes used.   

6.1 Processes used for several product groups.  

Buildings are necessary in agriculture. For some buildings, primary data of some examples were 

available. Those data were used instead of database data for the buildings, since it was assumed 

that the database data were less precise and reliable. The buildings modelled for arable cropping 

and beef production were made from a base of reinforced concrete, a steel skeleton covered with 

thin steel plates in walls and roof, and, for the animal building, insulation with mineral wool was 

included. The mass of different building materials was found by looking at the dimensions of the 

different building elements. The impact of producing the raw materials for the building parts (e.g. 

extracting a log from the forest) and for making the building materials themselves (e.g. a building 

board) was calculated using database data. The impact of maintenance, construction and 

demolition activities were ignored, based on the assumption that these impacts were negligible 

compared to overall impacts. The basis for this assumption was interviews with two different 

entrepreneurs.  

6.2 Meat 

LCA of meat was done on the basis of Life Cycle Inventories from Norway, where available. In 

cases where no LCI was openly available, Swedish LCIs were used. The source of LCI data is 

given in the chapters below for each product category. The conversion factors used in calculating 

the amount of sold meat product is given in Appendix 2.The meat products that are sold in retail or 

served in restaurants and hospitals is usually not 100 % edible. A proportion of the product is 

bones. Despite of this fact, the basis for these analyses is the product in the state that it is sold. 

However, the presence of bones has been taken into account when calculating the amount of 

protein per kg meat.    

  

6.2.1 Beef 

There are two major production forms for beef in Norway:  

- combined production of milk and meat, here called “dairy beef”, 

- suckler cow beef production, here called “suckler cow beef” 

 

The total production of beef in Norway was 89 396 tonnes in 2018. The average share of dairy 

beef of all beef meat is approximately 70 % (Nortura 2019). We assume that suckler cow beef 

cover the remaining 30 % of beef meat.   

 

6.2.1.1 Dairy beef 

LCA of dairy beef production has been performed, based on a data inventory presented by Roer et 

al (2013). This data set covers production in three farms located in different areas in Norway: mid-
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Norway (Troendelag county), the South-west (Rogaland county) and Central South-East (Hedmark 

county). Some adaptations have been made in comparison with that study. Most importantly, the 

CML baseline LCIA method was used in addition to the ReCiPe 2016 midpoint H, whereas Roer et 

al used the previous version of ReCiPe midpoint (2012) Although the ReCiPe method is still used, 

results are not comparable because of changes made.  

 

One major methodological difference between the studies is that for machinery and buildings, Roer 

et al used input/output methodology, but in this study, regular LCA methodology has been used.  

 

Allocation:  

Economic allocation was used to distribute impacts between meat and milk.  

 

6.2.1.2 Suckler beef 

Suckler beef production means that only meat is produced, in contrast to dairy beef production 

systems, where both meat and milk is produced. In Norway, 30 % of the beef meat production 

comes from suckler cow beef production. Due to lack of data, a life cycle inventory for intensive 

beef breed production in Sweden was used (Mogensen et al 2015). Some modifications were 

made. Building infrastructure was added, using specific data from a supplier of farm buildings 

(Graakjaer 2018). 

  

6.2.2 Chicken  

The LCA of chicken meat was carried out based on a Life Cycle Inventory from Swedish 

production, published in Wall et al (2014). It is assumed that similar  technology is used for chicken 

production and processing in Norway and Sweden.  

 

The production volume of poultry (chicken and turkey) in Norway was, in 2018, 98 165 tonnes 

(https://www.ssb.no/slakt). The consumption was 10 kg pro person per year. Approximately 10 %  

of the poultry is turkey, the rest is chicken (Norwegian Poultry association 2018). In this study, it is 

assumed that turkey production gives environmental impacts roughly on the same scale as 

chicken. Hence, no separate LCA has been conducted for turkey meat. 

 

6.2.3 Pork 

LCA of pork was carried out on the basis of data from Nortura in the Meat 2.0 – project. The 

production volume of pork in Norway was, in 2018, 137 316 tonnes (https://www.ssb.no/slakt).   

 

6.2.4 Lamb and sheep 

LCA of lamb and sheep was carried out on the basis of a Life Cycle Inventory from Wallman et al 

(2011). However, emissions of CH4, N2O and NH3 was calculated on the basis of the Norwegian 

Inventory report. The production of lamb and sheep was 26 973 tonnes (https://www.ssb.no/slakt) 

in 2018.  

https://www.ssb.no/slakt
https://www.ssb.no/slakt
https://www.ssb.no/slakt
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The main products from lamb and sheep production are meat and wool. Economic allocation was 

used to distribute environmental burdens, from the slaughterhouse process and all upstream 

processes, between these products. The basis for the calculation was data from two sources, see 

below. Prices and meat output for lamb and sheep was given in the value compensation rates 

stipulated by the association “Norsk Sau og Geit” (Norwegian Sheep and Goat 2018). The rates 

and outputs for lamb are 19 kg meat with a price of 56 kr/kg and 1.5 kg wool with a price of 44 

kr/kg. The rates and outputs for sheep are 30 kg meat with a value 36 kr/kg and 2,5 kg wool with a 

value of 56 kr/kg. The distribution between slaughtered sheep and slaughtered lamb (5.6 lamb per 

sheep), and between sheep meat vs lamb meat (24 %/76 % w/w) was calculated from Wallmann et 

al (2009).  

 

6.2.5 Meat from wild animals. 

According to national statistics, wild animals with a combined weight of 5800 tonnes (as slaughter 

weight) was hunted in 2016 by 141 020 active hunters. The consumption of meat from wild animals 

(venison) was in 2010/11, 1.2 kg per person per year. The most important animals consumed are 

(in 2016) deer (43 777 animals), moose (30 636 animals), roe deer (29 520 animals) and wild 

reindeer (4156 animals).   

 

Very little data on the impact of wild animals meat production in Norway exists and very few 

studies have been done internationally. One study from Denmark calculated the impact of wild 

boar, several species of deer and birds (Saxe 2015). The carbon footprint of deer and moose was 

found to lie within the range 9.8 - 44.8 kg CO2-eq/kg, for mallards and pheasants 35 and 145 kg 

CO2-eq/kg, whereas the corresponding number for wild boar it was 10.2 kg CO2-eq/kg meat. The 

study found that the highest impacts came from animal’s damage to crops and feed for the animals 

(some hunters put feed in the forest to attract animals before the hunt), but also transport of 

hunters gave a high contribution. Thus, the  impacts of enteric fermentation were not included.  

 

The data from the study by Saxe (2015) was not used in this study, as it is assumed that conditions 

are quite different in Norway. Feeding of animals takes place on a lot smaller scale than in 

Denmark, and the damage of wild animals on crops is expected to be much lower in Norway. In 

this study no LCA was done. Instead, the weighted (according to consumed amounts) average 

LCA results of beef, mutton, pork and chicken meat was used to represent venison.  

6.3 Dairy products 

As shown in Figure 2, dairy products in Norway makes up approximately one third of the protein 

consumed in Norway. The following product categories was chosen to represent the dairy 

products, with consumption data (kg consumed per person per year) in parenthesis: Yoghurt 

(22.6), cheese (16.1), regular milk with 4 % fat (9.5), low fat milk (44.5), extra low fat milk (20.1) 

and skimmed milk (17.9). Butter contain very little protein and was thus not included. Raw milk was 

modelled according to the study of Roer et al (2013).  
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6.3.1 Milk products 

Four different milk products, with different fat content, has been modelled: Whole milk, low fat milk, 

very low fat milk and skimmed milk.  

 

The LCA of low fat milk (1.0 % fat) is based on the Life Cycle Inventory in Bertilsson et al (2014). 

The process gives three main outputs: low-fat milk, cream and “border milk” (“Grensemelk”). The 

latter is a waste product which is used for animal feed. The allocation between these three 

products is based on economic allocation using Norwegian prices. The LCI is from Swedish dairy 

plants, but the raw milk input is calculated from Norwegian data (Roer et al 2013).  

 

Whole milk (3.5 % fat) is modelled as a mixture of low fat milk and cream, where the cream is the 

same as the by-product from low fat milk LCA.  

 

The two remaining milk products, skimmed milk (0 % fat) and very low fat milk (0.5 % fat) has not 

been modelled. The impact has been approximated as being the same as that of low fat milk.     

6.3.2 Cheese 

The LCA of cheese is based on the Life Cycle Inventory in Bertilsson et al (2014). The LCI is from 

Swedish dairy plants, but the raw milk input is calculated from Norwegian data (Roer et al 2013) 

and the impact of electricity and district heating is based on Norwegian conditions. In addition to 

cheese, the process gives three more products: cream, concentrated whey and liquid whey. 

Economic allocation was used in partitioning environmental impacts of dairy and upstream 

production. 

 

6.3.3 Yoghurt 

The LCA of yoghurt is based on the Ecoinvent database process: “Yogurt, from cow milk {RoW}| 

production | Cut-off, U”. Raw milk input has been modelled using Roer et al 2013, and for 

electricity, district heat and tap water, Norwegian database processes has been used.  

 

6.4 Seafood 

The number of species produced in the Norwegian fisheries and aquaculture sector is high. In this 

study, 6 species have been selected, because they represent the highest production numbers: 

Salmon from aquaculture and saithe, cod, mackerel, herring and prawn from capture fisheries.    

6.4.1 Salmon from aquaculture 

In 2017, a total of 1 236 354 tonnes of salmon was produced in the Norwegian aquaculture sector. 

Life Cycle data on salmon production has been collected from several sources. From Gilpin (2016), 

data on feed was collected. Data on fileting and trimming of salmon (Marel 2019) was obtained 

from a producer of processing equipment.  
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All impacts were allocated to the edible part of the salmon as it was  assumed that the by-products 

had no commercial value.  

 

6.4.2 Wild fish 

LCA have been performed for four species of wild fish: cod, saithe, herring and mackerel. In 2018, 

a total of 373 924 tonnes of cod, 202 426 tonnes saithe, 498 041 tonnes of herring and 187 207 

tonnes of mackerel was landed in Norway (whole fish, Norway statistical bureau). LCI data used in 

the LCA of these species come from Winther et al (2009).  

 

The impact of infrastructure was taken into account as data for one fishing boat, taken from Ziegler 

et al (2018), was used for all the LCAs. Infrastructure of transports are taken into account in all 

LCAs. Impact of processing plant was not taken into account, as it is assumed that the turnover is 

so large in comparison to the infrastructure impacts that the impact pr unit fish processed was 

negligible. Processing impacts was modelled on the basis of LCI data from one processing plant in 

Norway. The fish is gutted either aboard or when the fish is landed. Further processing into fillets 

can take place near the landing sites in Northern or western Norway, in a central location in 

Norway or in a location abroad. In this study it is assumed that the fish is processed near Oslo.   

 

6.4.3 Prawns 

Atlantic prawns is the predominant crustacean consumed in Norway. The landed mass was, in 

2018, 28 160 tonnes. The LCA was modelled on the basis of LCI data from Ziegler et al (2018) for 

deep sea prawn fishing and a SINTEF report (Hognes and Jensen 2017) on coastal prawn fishing. 

The data from Ziegler includes fuel consumption and infrastructure, but no data on emissions of 

cooling medium in onboard freezers. The data from SINTEF includes fuel consumption and some 

data on loss of cooling medium, but the data on cooling medium loss was not good enough to be 

used in this study. Hence, emissions of cooling medium in onboards freezers are missing.    

 

The shrimps are assumed to be boiled at the vessel at sea. Prawns are sold unpeeled fresh, 

frozen, peeled in brine. One third of the catch are assumed to be sold frozen, the rest fresh. The 

energy consumption (for freezing, storage and transport) has been assumed to be equal to that of 

pelagic species such as mackerel and herring and data from Winther et al (2009, ch 4.4.3. and 

4.4.4) has been used.  

 

6.5 Eggs 

The production of eggs in Norway was 63 519 tonnes in 2018, calculated as the amount delivered 

to packing plants. The LCA of eggs was based, in the absence of available more recent data from 

Norway, on a Swedish Life Cycle Inventory from 2008. The Swedish Inventory contains two farms. 

An LCA was made for each farm and an average was calculated. The eggs are assumed to be 

transported 550 km from farm to packaging plant.      
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6.6 Cereals 

Wheat is the predominant food cereal produced in Norway. The production of food wheat and feed 

wheat was 182 197 tonnes and 161 009 tonnes, respectively (calculated as a 5 year average 2014 

– 2019). For rye, the corresponding numbers were 22 789 tonnes (food) and 9 820 tonnes (feed). 

The production of barley was 521 334 tonnes and oats 272 194 tonnes.  

 

The import of grain is high. The average amount imported 2014-2018 was 552 000 tonnes 

(https://www.landbruksdirektoratet.no/no/statistikk/import/viktige-landbruksvarer). In addition, there 

is a considerable import of cereals in the form of processed goods, such as bread.  

 

Only Norwegian production was considered when doing the LCA of cereals. The following cereals 

were analysed: Wheat, rye, oats and barley. A Norwegian Life Cycle Inventory (Korsaeth et al 

2013) was used in the calculations. The results of one Norwegian study (Bonesmo et al 2012) for 

Soil carbon change (SOC) was also used. Both studies have used the same raw data, from 95 

Norwegian farms.     

 

6.7 Bread 

Bread is an important staple food in Norway. The consumption was, in 2012, 67 kg per day, or in 

total, 350 000 tonnes according to Norkost 3 (Totland et al 2012).  

 

The LCA of bread was based on data from the Breadpack project (Svanes et al 2018). A large 

proportion of the cereals of the bread investigated is imported, and the proportion of imported raw 

material is close to that of Norwegian food grade cereals in general. In line with the other LCAs, 

only the impact of the production of the ingredients, including primary processing such as drying 

and milling, and transport to the bakery was included.   

 

 

 

https://www.landbruksdirektoratet.no/no/statistikk/import/viktige-landbruksvarer
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7 Results 

The number of food products containing protein in Norway is high. In Figure 2, only the main food 

categories that contribute to the larger share of the overall protein consumption in Norway are 

shown. Those are the products covered in this study. It would not be feasible to conduct LCA of all 

products in all the categories mentioned.  

 

This means that the products that are sold in small amounts, such as several wild fish species, 

were excluded from the study.  Another simplification is the use of cradle to processing as system 

boundary. Thus, as mentioned in Chapter 4.2.2, the system stops when undifferentiated raw 

material has been produced, e.g. when the meat has been cut, but not processed into consumer 

products. However, the analyses are made on the basis of the mass of edible product because the 

results are related to what is consumed by human beings. 

 

Table 6 show the product groups chosen for this assessment, and also indicates how impacts are 

calculated and the geographical source of inventory data. 

  

Table 6. Product groups investigated in the current study. 

Product group Calculation Comment 

Beef Own LCA Norwegian inventory data, 

only dairy beef included 

Lamb and sheep Own LCA Swedish inventory data 

Chicken Own LCA Swedish inventory data 

Pork Own LCA Norwegian Inventory data 

Venison (meat from wild 

animals) 

Average of beef, lamb and sheep, 

chicken and pork. 

 

Other meat Average of beef, lamb and sheep, 

chicken and pork. 

 

Cod Own LCA Norwegian Inventory data 

Salmon  Own LCA Norwegian Inventory data 

Herring Own LCA Norwegian Inventory data 

Mackerel Own LCA Norwegian Inventory data 

Saithe Own LCA Norwegian Inventory data 

Prawns Own LCA Norwegian Inventory data 

Other seafood Average of cod, salmon, herring, 

mackerel, saithe and prawns. 

 

Eggs Own LCA Swedish inventory data 

Yoghurt Own LCA Norwegian inventory data for 

raw milk, Swedish inventory 

data for dairy plant until 

skimmed milk and cream is 

produced, Ecoinvent data for 

further production to yoghurt 

and cheese. Milk products 

Cheese Own LCA 

Low fat milk Own LCA 

Whole milk Own LCA 
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made by mixing cream and 

skimmed milk. 

Other milk Average of skimmed milk and 

whole milk 

 

Wheat Own LCA 

Norwegian inventory data.  

Oats Own LCA 

Rye Own LCA 

Barley Own LCA 

Bread Own LCA 

 

LCA results for the average Norwegian consumption of protein products are given in this chapter, 

Table 7. Biodiversity results are given in section 8.  

 

7.1 Product categories 

LCA results were calculated separately for each product category specified in Table 2. The results 

are given in Appendix 1. Results for climate impact are shown in Figure 5 and Figure 6. Results for 

the categories “venison”, “other meat” and “other seafood” are not displayed in these figures 

because no LCA have been calculated for these categories, but instead the results have been 

calculated as the average of the four main meat categories or the five main seafood categories.  

 

 
 

Figure 5. Greenhouse gas emissions of all product categories, per kg product. 
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Figure 6. Greenhouse gas emissions of studied product categories, per kg protein. 

Meat products have the highest climate impacts per kg product, but some non-meat products also 

have high impacts. Suckler cow beef gives the highest impacts in all impact categories, followed by 

prawns, mutton, dairy beef and cheese. The second highest impacts come from a group of 

products comprising chicken, pork, salmon, saithe and eggs. The lowest impacts come from the 

cereal products, while the liquid products have climate gas emissions in-between the 

chicken/pork/salmon group and the cereals. In general, and when disregarding the categories 

“other meat”, “venison” and other seafood, which are based on averages of other meat or seafood 

products, the products can be grouped into four categories based on climate gas emissions:  

 

1. The ruminants: beef, lamb and sheep.  

2. Prawns and cheese.  

3. Chicken, pork, salmon, cod and saithe. 

4. The remaining product groups, such as herring, mackerel, eggs, milk, yoghurt and cereals.  

 

Within these groups, it is difficult to distinguish between product categories based on climate gas 

emissions. There are some exceptions, e.g. suckler cow beef production gives much higher 

emissions than dairy beef. There are also some products that lie somewhat in-between, such as 

eggs. When we look at impacts per kg protein, the grouping is nearly the same, except that prawns 

move to group 1, fluid dairy products to group 2 and eggs to group 3.  

 

For acidification, suckler cow beef production gives the highest impacts per kg products, followed 

by dairy beef, lamb and sheep, prawns and cheese. For eutrophication, salmon in addition to the 



Life Cycle Assessment of the existing protein consumption in Norway    

 

28 
 

same product categories gives high impact. Meat and cheese also dominate human toxicity and 

ecotoxicity impacts, but salmon, prawns and cheese also give high impacts.  

 

7.2 Average protein food 

The impact of the average protein food consumed in Norway is given in Table 7.   

Table 7. Average environmental impact of protein food consumed in Norway, per kg product and per 

kg protein. 

 
 

The average protein product gives a climate impact of 3.9 kg CO2-eq/kg products, while the impact 

per kg protein is 36,4 kg CO2-eq, about 10 times higher. The acidification impact is 45 g SO2-eq/kg 

Average environmental impact of protein food consumed in Norway

CML
Per kg 

product

Per kg 

protein

Climate change kg CO2 eq 4,01 36,44

Photochemical oxidation kg C2H4 eq 0,0009 0,0086

Acidification kg SO2 eq 0,045 0,41

Eutrophication kg PO4--- eq 0,019 0,17

ADP elements kg Sb eq 0,00001 0,00009

ADP fossil                                     MJ LHV 15,43 144,15

Cumulative energy demand MJ  40,05 364,08

ReCiPe
Ozone formation, Human health kg NOx eq 0,015 0,14

Fine particulate matter formation kg PM2.5 eq 0,008 0,08

Ozone formation, Terrestrial ecosystems kg NOx eq 0,015 0,14

Terrestrial acidification kg SO2 eq 0,050 0,46

Freshwater eutrophication kg P eq 0,0010 0,009

Marine eutrophication kg N eq 0,0035 0,032

Terrestrial ecotoxicity kg 1,4-DCB 5,69 51,71

Freshwater ecotoxicity kg 1,4-DCB 0,052 0,47

Marine ecotoxicity kg 1,4-DCB 0,067 0,61

Human carcinogenic toxicity kg 1,4-DCB 0,054 0,49

Human non-carcinogenic toxicity kg 1,4-DCB 2,17 19,71

Land use m2a crop eq 6,11 55,53

Mineral resource scarcity kg Cu eq 0,011 0,10

Fossil resource scarcity kg oil eq 0,34 3,12

Water consumption m3 0,38 3,49

Area
Permanent pasture m2 1,11 10,10

Natural grass m2 1,10 10,05

Annual crops m2 2,84 25,84

Leys and other semiperennial grass m2 1,86 16,94

Annual grass m2 0,06 0,51

Technical areas (infrastructure, roads, etc)m2 0,04 0,40

Forest area m2 0,92 8,40

Permanent crops (fruit etc) m2 0,03 0,24



Life Cycle Assessment of the existing protein consumption in Norway    

 

29 
 

product and 410 g SO2-eq/kg protein, eutrophication impact 19 g PO4-eq/kg product and 170 g 

PO4-eq/kg protein. Terrestrial ecotoxicity is 5.6 kg 1,4-DCB-eq/kg product and 51,7 kg 1,4-DCB-

eq/kg protein, freshwater ecotoxicity 0.0051 kg 1.4-DCB-eq/kg product and 0,47 kg 1.4-DCB-eq/kg 

protein, marine ecotoxicity 0.067 kg 1.4-DCB-eq/kg product and 0.61 kg 1.4-DCB-eq/kg product .  

 

CED (Cumulative energy demand) is 39.7 MJ/kg, fossil resource scarcity 0.34 kg oil-eq/kg and 

total land use 6.0 m2 crop-eq/kg. The total area use divided into different categories show that the 

area use for annual crops dominates, followed by natural grass and semi-perennial grass. When 

adding up the different land use categories, a total of 8,0 m2/kg product and 72,5 m2/kg protein is 

the result. Water consumption is 0,38 m3/kg product and 3,49 m3 for the average kg protein 

produced, a total of 5 890 litres is used.   

 

The averages calculated are weighted averages, thus they reflect both the magnitude of impact per 

unit product (see figure 6), but also the amounts consumed (from table 7). The results are distorted 

because some of the included products are very diluted, e.g. they contain a lot of water. This 

means that the results seem quite low per kg product, compared to if only solid products had been 

included. This bias is removed when the average impacts per kg protein consumed is calculated. 

Then the numbers are much higher than the impacts per kg product. The difference is 

approximately a factor of 10.  

 

Compared to the average protein product in Norway, per kg product, the product categories cod 

and chicken most closely resemble in LCA results. The results for chicken are in most instances 

higher (1.5-2.0 times higher), whereas for cod they are mostly below the average (0.5-0.9 of 

average values. Hence, the average protein food in Norway can be seen to lie between cod and 

chicken.  

 

There are some results that deviate from this trend. Wild seafood like cod, typically require large 

amounts of fuel, but little land area and other impacts related to agriculture. The exception is 

marine eutrophication that is high because of the practice of discarding off-cuts at sea. Chicken 

production requires less fossil fuels and thus gives a smaller contribution to depletion of fossil 

resources.     
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8 Biodiversity impact  

Biodiversity was calculated according to the method described in section 5. The results are shown 

in Table 8 below using Danish factors and Table 9 using average European factors. A high 

biodiversity score means a high loss of biodiversity. The Danish factor are adapted to the less 

intense agricultural production in Denmark, compared to the European factors. The total 

biodiversity loss using European factors is significantly higher than when using Danish factors.  

The results can be used for comparison with other sources of protein.  

 

Table 8. Biodiversity score for average Norwegian protein food consumption, using correction 

factors adapted to Denmark. 

 

 

 

Table 9. Biodiversity score for average Norwegian protein food consumption, using average 

European correction factors. 

 

Impact category Unit

Existing 

protein CF Score

Permanent pasture m2 0,8 -0,23 -0,18

Natural grass m2 5,0 -0,34 -1,7

Annual crops m2 22 0,51 11

Leys and other semiperennial grass m2 7,2 -0,23 -1,7

Annual grass m2 0,52 n.a. 

Technical areas (infrastructure, roads, etc)m2 0,21 1 0,21

Forest area m2 0,48 0 0,00

Permanent crops (fruit etc) m2 0,14 n.a. 

Total score 7,7

Impact category Unit Result CF Score

Permanent pasture m2 0,80 -0,23 -0,2

Natural grass m2 5,0 -0,34 -1,7

Annual crops m2 22 0,68 15

Leys and other semiperennial grass m2 7,2 -0,23 -1,7

Annual grass m2 0,52 0,09 0,0

Technical areas (infrastructure, roads, etc)m2 0,21 1 0,2

Forest area m2 0,48 0 0

Permanent crops (fruit etc) m2 0,14 0

Total score 11,4
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9 Discussion 

The main output of this study is an average weighted LCA result (per kg product or per kg protein) 

for the production of the protein sources consumed in Norway. These results can serve as a 

baseline to compare new protein products against in future studies, such as the plant protein 

products faba bean, peas, rape meal and oats which represent new protein sources included in 

FoodProFuture. No corresponding weighted average LCA results for protein food consumption 

have been reported from other countries in scientific literature, according to this author’s 

knowledge, thus it is hard to make a comparison of the results of this study with other scientific 

studies. 

 

Another important result from the study is specific LCA results for 21 different product categories. 

The results show that there is a large variation between environmental impacts between products 

both on the basis of 1 kg mass and 1 kg protein. The results also indicate ranking in environmental 

impacts between the product categories. The results confirm findings in other similar studies 

reported in literature, which show that protein foods have a higher environmental impact than 

products which contain little protein, such as vegetables, fruits and berries. 

 

The results also confirm that meat has the highest GHG-emissions and plant proteins like cereals 

the lowest, with dairy products, seafood and eggs being in-between. In addition, this report shows 

that there are products that break this pattern. Prawns and cheese give high impact, and only 

results from ruminants are higher. 

 

GHG-emissions from seafood and meat are on the same scale, with the exception of meat from 

ruminants and seafood from some very efficient (mackerel and herring) and very inefficient 

(prawns) fisheries. For example, salmon gives an impact slightly higher, and cod and saithe lie just 

below, the results of pork and chicken. Fluid dairy products (milk and yoghurt) give less impact 

than most other animal products, but when comparison is made per kg protein, the picture is very 

different. In such comparisons, these dairy products show much higher GHG-emissions, roughly 

half that of dairy beef, but more than double that of pork, chicken, cod, salmon, saithe and eggs. 

The reason is that these products are so diluted in their natural state. The same effect can be seen 

for cereals, but on a much smaller scale. Because cereals contain less protein than most meats, 

the difference in impact per kg protein is less than the impact per kg product. However, the 

difference is still large between cereals and the other product categories, except for mackerel and 

herring which have climate impact per kg protein on the same level.   

 

When looking at the other impact categories we see the same general picture, except for food 

harvested from nature. Meat, dairy products and prawns have the highest emissions, while cereals 

give the lowest. Ruminants give in many cases higher results than other meats also for other 

impacts than climate impact. This concerns eutrophication. For terrestrial and freshwater 

ecotoxicity, beef (suckler cow and dairy) is highest, whereas for human toxicity suckler cow beef 

gives the highest impact. Salmon give toxicity  impacts on the same level as lamb/sheep, pork and 

chicken.   

 

Comparing the LCA results of the individual product categories with the average LCA results, it is 

possible to see which product categories that is most close in environmental impact. When 
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comparison is made on a mass basis (per kg product), chicken and cod resemble most closely, 

chicken being higher and cod lower than average. When comparison is done per kg protein, 

chicken and cod are still very close to the average, but the difference between chicken and 

average is smaller than when comparing per kg product.  

 

The biodiversity calculation gives very uncertain results, because the number of species will 

probably vary a lot from field to field and the influence on surrounding biotopes has not been taken 

into account. Thus, the results can only to a very limited degree be used to quantitively compare 

the biodiversity impact of different products. However, the results could be used to identify some 

general trends. For example, the positive effect of using pastures and growing grass for feeding 

cattle and sheep will partially be counteracted by the fact that these animals also eat concentrates, 

which have several ingredients that require the use of farm land, which in turn reduce the 

biodiversity of that area. The negative biodiversity effect depends on the amount of concentrate 

used per unit product which should be inversely proportional to the amount of grass used in the 

feed.       

 

One drawback of the study is that it was not possible to calculate the uncertainty of the LCA results 

of the individual product groups nor the average LCA results from protein food consumption The 

main reason is that it has not been possible to determine the uncertainty of activity data, such as 

e.g. amount of fertilizer and fuel used per unit produced. Another reason is that uncertainty 

connected with modelling choices and assumptions made was not possible to ascertain. This 

means that comparisons with this result should be made with caution. In any case, comparisons 

should only be made when the LCA methodology applied and other important factors such as 

geographical and temporal scope are similar. This is what is the intention to do later in the 

FoodProFuture project.  

 

Another consequence of not knowing the uncertainty is that results should not be used to compare 

the environmental performance of product groups with each other, unless the differences are large 

and thus most likely significant. In this case, the differences in environmental impacts are great 

enough to justify for example the statement that meat has a higher impact than cereals in all 

impact categories.  It is also more likely that the results of this study can give a more realistic 

ranking of product groups environmental performance than when using results from the many 

published studies, most of whom have differences in methodology and just a few have Norway has 

geographical scope. Several studies, e.g. a Cicero study in 2016 (van Oort and Andrew, 2016)  

have concluded that there are rather large differences between published studies, both in the same 

country and between countries. Thus, comparability between published studies are probably low.  

However, it is useful to compare LCA results for the product group with those of other studies to as 

quality assurance for the LCAs done in this study or it can be used to highlight some real 

differences in the studied products or in the methodology used. . 

 

Another aspect that can give problems when comparing results per kg protein, is variation in 

protein quality. Some protein sources, e.g. plant protein, are not balanced in their amino acid 

content, i.e. they have too little of some essential amino acids. Other protein sources have a more 

balanced amino acid content, e.g. animal protein. In addition, the uptake of protein in intestines can 

also vary between products. In this study, no efforts have been made to quantify the results 

according to protein quality. The reasons are, firstly,  that the lack of certain amino acids can be 
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remediated by adding pure amino acids or food ingredients containing these compounds. Thus, the 

end result of (% utilized protein) is dependent on the whole diet, which means that it is difficult to 

take this factor into account. Secondly, the protein uptake is also difficult to quantify since only 

studies on animals have been made, not human beings. 

 

Suckler cow beef production gives a very high climate impact because of high methane emissions 

and low productivity compared to milk beef. The climate impact results (31.3 kg CO2-eq/kg 

slaughter weight) are lower than those of a study (34.7 kg CO2-eq/kg slaughter weight) done in 

Norway by NiBIO in the Agropro project (Johansen et al 2017), but higher than the numbers found 

(27.5 – 32.0 kg CO2-eq/kg slaughter weight, average 29.5 kg CO2-eq/kg) by Samsonstuen et al 

(2019). In the AgroPro project an old version of the ReCiPe LCIA method was used, which had 

higher characterisation factors for methane and nitrous oxide. This might explain the difference in 

results. The Samsonstuen study also used a different approach as the calculations were not done 

using a LCA software, but rather a non-LCA software where impacts are quantified and multiplied 

by emission factors. The system boundary of the study by Samsonstuen et al (ibid) seems to be 

more or less similar to that of the LCA in this study with two major differences: a considerable 

carbon sequestration from pasture and grass production, and that the study did not include 

production of farm infrastructure. The fact that carbon sequestration from pasture is not included 

means that climate impact results for ruminants in this study is probably exaggerated. On the other 

hand, the inclusion of impacts from infrastructure in this study, gives a more realistic picture of 

climate impacts than in studies where this has not been considered. The effect of carbon 

sequestration can be considerable. In one of the four cases studied by Samsonstuen et al, the net 

sequestration effect was - 2,13 kg CO2-eq, lowering the total climate impact to 27,5 kg CO2-eq/kg 

meat (as slaughter weight). This is a reduction of 7,2 %, but for the two other cases the effect was 

far less, and for one case the effect was negative, i.e. a net loss of soil carbon.    

 

The results for GWP of dairy beef are lower than that reported by Roer et al (2013) using the same 

background data set (19.2 kg CO2-eq/kg sold product vs 22.4 kg CO2-eq/kg sold product). The 

main factor behind this result is that the characterisation factors for methane and nitrous oxide 

used by Roer et al was lower. When using the same impact assessment method, GWP results 

were almost similar between study and the Roer study.  

 

Most of the impact of milk products comes from the agricultural stage. The GWP result for raw milk 

at farm gate in this study is 1.4 kg CO2-eq/kg milk ECM, which is slightly below the average result 

from the three farms studied by Roer et al (2013) but far below that published by Bonesmo et al 

(2013). The discrepancy could partially be explained by the narrow system borders employed by 

Bonesmo et al, where e.g. emissions from manufacture of infrastructure (machines, buildings, 

equipment) and their raw materials were not included.  

 

The GWP result for yoghurt (1.46 kg CO2-eq/kg was higher than the Nordic result found by Cicero 

(van Oort and Andrew, 2016) (1.24 kg CO2-eq/kg). In the latter case, the geographical area 

covered was Denmark and the system border was cradle to grave. The reason is hard to pinpoint 

because of different system borders and probably also other method differences. However, it is 

likely that emissions are lower in Denmark, as Cicero also assumes.   
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For pork, the GWP result of 3.6 kg CO2-eq per kg sales product is much lower than a recent 

Norwegian LCA of pork (Johansen and Roer Hjelkrem 2018) which gives on average 4.3 kg CO2-

eq/kg slaughter weight, which equals 4.8 kg CO2-eq/kg sold product using the ratio of 0.9 kg sales 

product per kg slaughter weight. One important reason for this might be that in this project we have 

assumed that all manure is used for the production of feed on-farm. We have calculated that 

approximately 75 % of the nutrients in the manure is utilized, replacing the N component of mineral 

fertilizer. This is based on a study in Danish conditions (Nguyen et al 2011). In the absence of 

Norwegian data on the utilisation of manure, the Danish data is used. This introduces an 

uncertainty in the calculations. A more precise study of the utilisation should give more accurate 

data on environmental impacts. Compared to the GWP (2.65 kg CO2-eq/kg live weight which 

equals 4.3 kg CO2-eq per kg sales product (using the factor 0.62 kg sales product per kg live 

weight) from the study by Bonesmo et al in 2013, the GWP of this study is 16 % lower. The 

difference in GWP result is not as high compared to that of the 2018 study, but still significant. The 

Another possible reason is that the data in this study to a large degree comes from national 

statistics whereas the data for the two mentioned Norwegian studies comes from model farms. The 

selection of one, or a few farms, to represent the whole country, introduces an uncertainty in the 

results.  

 

For salmon, the GWP result is higher than those calculated in most other published studies from 

Norway. The main reason is the different allocation methods used. In this study, economic 

allocation Is used, whereas in the published studies mass allocation is used. Given the fact that the 

economic value of the part not used for human consumption is very low compared to the main 

cuts, using economic allocation means that virtually all impacts are allocated to the part used for 

human consumption. Using mass allocation, 40-50 % of the impacts of feed production and 

aquaculture is allocated to the part that is sold and used (mainly) for other purposes than food. In a 

sensitivity analyses done by Winther et al (2009), the GWP calculated for salmon using economic 

allocation was 4.35 kg CO2-eq/kg sales product, a figure 76 % higher than when using mass 

allocation. The GWP result in this report is 5.5 kg CO2-eq/kg sales product, 26 % higher than the 

result found by Winther et al. This result using mass allocation was 2.5 kg CO2-eq/kg from cradle 

to arrival in Paris, and approx. 2.2 kg CO2-eq/kg from cradle to processing plant gate. In later 

studies using mass allocation, Skontorp Hognes et al (2011) found 2.6 kg CO2-eq cradle to fish 

farm gate and Skontorp Hognes et al (2014) found a similar GWP when setting land use change 

(LUC) of soya in the feed to 0, but much higher numbers (3.7-4.0 kg CO2-eq) when including LUC. 

Thus, it is clear that these later studies give results closer to that of this study, but a quantification 

of the difference is difficult since different allocation approaches are used. The magnitude of the 

LUC effect and the amount of soy used in the feed is a major uncertainty. In this study, data from 

the database AgriFootprint is used because it is the only database in SimaPro giving data on soy 

protein concentrate. Skontorp Hognes et al (2014) used an average of all Brazilian soy production 

in order to highlight the importance of the LUC factor. Since the origin of soy used to make SPC for 

Norwegian aquaculture is unknown, a different approach was used in this study. The soy from the 

AgriFootprint database came from several countries and is supposed to be a market mix for the 

Netherlands.  

 

Greenhouse gas emissions for wild fish is on the same level as the report (Winther et al 2009), 

from which the LCA background data is sourced, but are slightly higher because the production of 

the fish boat (and its raw materials) is included.  
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The GHG emissions for prawns are very high compare to the other product group. The fuel 

consumption is the cause of all GHG emissions. The reason for the high fuel use is that a large 

fishing effort is needed to catch a relatively small amount of edible material. A lower fuel 

consumption was found in coastal fisheries than in deep sea prawn fishing. The reason for this is 

not known. Loss of cooling medium is not included, hence it is possible that emissions are 

underestimated.    

 

For cereals, the results are lower than those reported by Korsaeth et al (2013, where the 

background data for this LCA study was taken. The difference was much less when using the 

ReCiPe method for quantifying climate impact, for reasons explained above. The most important 

reason for the remaining difference was that a different method was used to calculate the impact of 

farm buildings. Korsaeth et al (2013) used the Input/Output method to calculate the impact, 

whereas in this study primary data was used. Korsaeth et al found that machinery and buildings 

gave 15 % of the climate impact, while in this study, the impact was less. For other impacts, it is 

difficult to make an exact comparison as the ReCiPe has been significantly changed since the 

version used by Korsaeth et al (2013). 

 

The system borders of this study end at the factory gate, the stage where primary processing is 

finished. Beyond that point, the food will continue through the food chain e.g. further processing, 

distribution, retail and consumer that will result in food loss and waste which leads to 

environmental impacts. The system border is in line with the objective of the study, to create a 

baseline with which other food stuffs can be compared. Impacts from processing (beyond the 

primary processing), packaging, wholesaler, transports, retail and consumer are not included.  

 

This means that the results do not reflect the full impacts of different food categories (or average of 

all categories) consumed in Norway and should not be interpreted as such.  

 

An attempt has been made to use identical methodology for all LCAs, but this has not been 100 % 

achieved. One important issue where full harmonisation has not been possible is the impact of  

SOC (Soil Carbon Loss). For crops grown in Norway, the impact of SOC has been taken into 

account, because numbers are available from scientific reports, using the ICBM model. It is difficult 

to use this method for crops from other countries than Sweden or Norway, because the ICBM 

model has not been adopted to these countries. The consequence of this is that feed crops 

produced in countries other than these two countries, the SOC impact has not been calculated. 

This means that the productions using such feeds will have a climate impact results from feed 

crops will be too low. On the other hand, the SOC impact from grazing in Norway and growing 

grass for feed is also not included. The SOC impact of such grazing and grass growing will 

probably be a net sequestration, i.e. a reduced climate impact. These two factors contribute in 

opposite direction, hence they partially cancel each other out for ruminants. This means that the 

calculated climate impact for aquaculture fish and for chicken and pork will be too low, but it is not 

possible to say whether the climate impact from ruminants is too high or too low. The impact 

depends on the proportion of imported feedstuffs from agriculture.   
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For some LCA, the background data comes from Swedish studies. It is difficult to estimate the 

error that is introduced because of this, especially in cases where no Norwegian LCA has been 

published.  
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10 Conclusion 

This study has given average LCA results for protein food consumed in Norway across a wide 

range of impact categories, both resource use and impacts from pollutants emitted to air, water, 

soil and water as well as waste. Protein foods include the most important sources (in terms of 

volume) of protein in the Norwegian diet: meat, seafood, dairy products, eggs and cereals. The 

average impact was calculated per kg product consumed and per kg protein in that food. The 

average was calculated as weighted average, i.e. products that are consumed more contribute 

more to the average than others who are consumed less.  

 

The study shows the environmental impact for the most important protein food categories. Meat  

gives the highest impacts, not only for climate impact, but for virtually all impact categories. 

Ruminant meat gives higher climate impacts than other meat but are also higher for many other 

impacts. Prawns and cheese also give high environmental impacts. Salmon is on the same level 

as pork and chicken, and higher than saithe and cod. Milk and yoghurt products have low impacts 

per kg product but impacts per kg protein lies in between the group with pork, chicken cod and  

salmon and the group of ruminants .  Herring and mackerel give very small impacts. The same is 

true for cereal products, both on a mass basis and on a protein basis. The product categories 

giving impacts closest to the average, per kg and per kg protein, are chicken and cod.  

  

The intention of this report has been to serve as a point of reference when evaluating 

environmental impacts of alternative protein sources, in particular different raw materials based on 

plant proteins. The emphasis has not been on finding life cycle impacts of individual product 

groups. The uncertainty of the results has not been calculated, but based on findings in many other 

studies, it is probably high. It is also difficult to find representative data for Norwegian primary 

production.  

 

Thus, it is recommended to use great caution when using the LCA results as a basis for 

comparison between products. It is, for example not sure if the differences in environmental 

impacts between chicken and cod is large enough to say that one is environmentally preferable to 

the other. However, some differences in impacts are quite large and also supported by findings in 

other studies. Thus, it is safe to conclude that e.g. animal protein foods have higher impact than 

plant protein foods.   

 

Products of animal origin dominate the Norwegian protein consumption and thus it is clear that 

there is a significant potential to reduce the total environmental burdens of these consumption by 

substituting animal protein with plant protein.   

 

The study does not give the full impact of the foods as only the first part of the value chain, from 

Cradle to finished raw material, is included. However, most of the impact of these products come 

from primary production and the processes used in many parts of the remainder of the value chain 

are virtually identical, e.g. wholesale, transports, retail and transport to consumers’ homes.  

Another simplification is that only Norwegian production is included, and thus exports or imports 

are ignored, with the exception of imported feeds. However, since the Norwegian consumption of 

protein foods is produced domestically, hence the error introduced is assumed to be limited.    
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 LCA results for individual product groups, 

all results are pr kg product. 

 
 

 

 

 

Climate change kg CO2 eq 19,2

Photochemical oxidation kg C2H4 eq 0,0040

Acidification kg SO2 eq 0,34

Eutrophication kg PO4--- eq 0,11

ADP elements kg Sb eq 5,0E-05

ADP fossil                                     MJ LHV 58,4

Cumulative energy demand MJ  90,7

Ozone formation, Human health kg NOx eq 0,070

Fine particulate matter formation kg PM2.5 eq 0,060

kg NOx eq 0,071

Terrestrial acidification kg SO2 eq 0,40

Freshwater eutrophication kg P eq 0,0063

Marine eutrophication kg N eq 0,0023

Terrestrial ecotoxicity kg 1,4-DCB 26,1

Freshwater ecotoxicity kg 1,4-DCB 0,21

Marine ecotoxicity kg 1,4-DCB 0,27

Human carcinogenic toxicity kg 1,4-DCB 0,29

Human non-carcinogenic toxicity kg 1,4-DCB 8,38

m2a crop eq 17,9

Mineral resource scarcity kg Cu eq 0,059

Fossil resource scarcity kg oil eq 1,4

Water consumption m3 0,34

Permanent pasture m2 0,79

Natural grass m2 0,00

Annual crops m2 9,96

m2 11,47

Annual grass m2 0,68

Technical areas (infrastructure, roads, etc)m2 0,13

m2 1,1

Permanent crops (fruit etc) m2 0,00

ReCiPe

Dairy beef LCA results
CML

Forest area

Land use

Ozone formation, Terrestrial 

ecosystems

Leys and other semiperennial grass

Area
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Suckler cow beef LCA results
CML
Climate change kg CO2 eq 38,9

Photochemical oxidation kg C2H4 eq 0,0068

Acidification kg SO2 eq 0,33

Eutrophication kg PO4--- eq 0,11

ADP elements kg Sb eq 6,0E-05

ADP fossil                                     MJ LHV 80,4

Cumulative energy demand MJ  131

ReCiPe
Ozone formation, Human health kg NOx eq 0,067

Fine particulate matter formation kg PM2.5 eq 0,060
Ozone formation, Terrestrial 

ecosystems kg NOx eq 0,068

Terrestrial acidification kg SO2 eq 0,37

Freshwater eutrophication kg P eq 0,0040

Marine eutrophication kg N eq 0,0081

Terrestrial ecotoxicity kg 1,4-DCB 35,9

Freshwater ecotoxicity kg 1,4-DCB 0,24

Marine ecotoxicity kg 1,4-DCB 0,34

Human carcinogenic toxicity kg 1,4-DCB 0,20

Human non-carcinogenic toxicity kg 1,4-DCB 18,2

Land use m2a crop eq 62,4

Mineral resource scarcity kg Cu eq 0,067

Fossil resource scarcity kg oil eq 1,89

Water consumption m3 0,15

Area
Permanent pasture m2 62,4

Natural grass m2 0,0

Annual crops m2 13,5

Leys and other semiperennial grass m2 24,4

Annual grass m2 0,0

Technical areas (infrastructure, roads, etc)m2 0,1

Forest area m2 0,3

Permanent crops (fruit etc) m2 0
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Chicken meat LCA results

Climate change kg CO2 eq 4,2

Photochemical oxidation kg C2H4 eq 0,0016

Acidification kg SO2 eq 0,042

Eutrophication kg PO4--- eq 0,026

ADP elements kg Sb eq 1,7E-05

ADP fossil                                     MJ LHV 24,1

Cumulative energy demand MJ  68,8

Ozone formation, Human health kg NOx eq 0,010

Fine particulate matter formation kg PM2.5 eq 0,010

Ozone formation, Terrestrial ecosystems kg NOx eq 0,011

Terrestrial acidification kg SO2 eq 0,047

Freshwater eutrophication kg P eq 0,0027

Marine eutrophication kg N eq 0,0047

Terrestrial ecotoxicity kg 1,4-DCB 10,3

Freshwater ecotoxicity kg 1,4-DCB 0,09

Marine ecotoxicity kg 1,4-DCB 0,12

Human carcinogenic toxicity kg 1,4-DCB 0,12

Human non-carcinogenic toxicity kg 1,4-DCB 3,8

m2a crop eq 8,4

Mineral resource scarcity kg Cu eq 0,02

Fossil resource scarcity kg oil eq 0,56

Water consumption m3 0,13

Permanent pasture m2 0,00

Natural grass m2 0,00

Annual crops m2 97,0

Leys and other semiperennial grass m2 0,00

Annual grass m2 0,00

Technical areas (infrastructure, roads, etc) m2 1,64

Area

Land use

ReCiPe

CML
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Climate change kg CO2 eq 3,64

Photochemical oxidation kg C2H4 eq 0,0007

Acidification kg SO2 eq 0,023

Eutrophication kg PO4--- eq 0,013

ADP elements kg Sb eq 1,6E-05

ADP fossil                                     MJ LHV 16,0

Cumulative energy demand MJ  33

Ozone formation, Human health kg NOx eq 0,028

Fine particulate matter formation kg PM2.5 eq 0,0057

Ozone formation, Terrestrial ecosystems kg NOx eq 0,028

Terrestrial acidification kg SO2 eq 0,020

Freshwater eutrophication kg P eq 0,0009

Marine eutrophication kg N eq 0,0020

Terrestrial ecotoxicity kg 1,4-DCB 7,0

Freshwater ecotoxicity kg 1,4-DCB 0,082

Marine ecotoxicity kg 1,4-DCB 0,10

Human carcinogenic toxicity kg 1,4-DCB 0,070

Human non-carcinogenic toxicity kg 1,4-DCB 3,6

Land use m2a crop eq 9,4

Mineral resource scarcity kg Cu eq 0,01

Fossil resource scarcity kg oil eq 0,36

Water consumption m3 0,11

Permanent pasture m2 0

Natural grass m2 0

Annual crops m2 9,2

Leys and other semiperennial grass m2 0

Annual grass m2 0

Technical areas (infrastructure, roads, etc) m2 0,0

Forest area m2 0,2

Permanent crops (fruit etc) m2 0

ReCiPe

Area

CML

Pork LCA results
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Climate change kg CO2 eq 22,7

Photochemical oxidation kg C2H4 eq 0,0031

Acidification kg SO2 eq 0,15

Eutrophication kg PO4--- eq 0,084

ADP elements kg Sb eq 1,9E-05

ADP fossil                                     MJ LHV 33,4

Cumulative energy demand MJ  60,9

Ozone formation, Human health kg NOx eq 0,022

Fine particulate matter formation kg PM2.5 eq 0,027

Ozone formation, Terrestrial 

ecosystems kg NOx eq 0,022

Terrestrial acidification kg SO2 eq 0,17

Freshwater eutrophication kg P eq 0,0014

Marine eutrophication kg N eq 0,027

Terrestrial ecotoxicity kg 1,4-DCB 10,6

Freshwater ecotoxicity kg 1,4-DCB 0,11

Marine ecotoxicity kg 1,4-DCB 0,15

Human carcinogenic toxicity kg 1,4-DCB 0,073

Human non-carcinogenic toxicity kg 1,4-DCB 7,4

Land use m2a crop eq 67,6

Mineral resource scarcity kg Cu eq 0,020

Fossil resource scarcity kg oil eq 0,79

Water consumption m3 0,63

Permanent pasture m2 0,25

Natural grass m2 77,1

Annual crops m2 5,6

Leys and other semiperennial grass m2 35,3

Annual grass m2 0

Technical areas (infrastructure, roads, 

etc) m2 0,05

Forest area m2 0,08

Permanent crops (fruit etc) m2 0,00

CML

ReCiPe

Area

Lamb and sheep LCA results
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LCA of venison and other meat

Climate change kg CO2 eq 12,5

Photochemical oxidation kg C2H4 eq 0,0029

Acidification kg SO2 eq 0,14

Eutrophication kg PO4--- eq 0,053

ADP elements kg Sb eq 3,2E-05

ADP fossil                                     MJ LHV 41,2

Cumulative energy demand MJ  145

Ozone formation, Human health kg NOx eq 0,043

Fine particulate matter formation kg PM2.5 eq 0,025

Ozone formation, Terrestrial ecosystems kg NOx eq 0,044

Terrestrial acidification kg SO2 eq 0,15

Freshwater eutrophication kg P eq 0,0029

Marine eutrophication kg N eq 0,005

Terrestrial ecotoxicity kg 1,4-DCB 16,5

Freshwater ecotoxicity kg 1,4-DCB 0,15

Marine ecotoxicity kg 1,4-DCB 0,19

Human carcinogenic toxicity kg 1,4-DCB 0,16

Human non-carcinogenic toxicity kg 1,4-DCB 7,05

Land use m2a crop eq 23,9

Mineral resource scarcity kg Cu eq 0,033

Fossil resource scarcity kg oil eq 0,90

Water consumption m3 0,21

Permanent pasture m2 5,6

Natural grass m2 5,6

Annual crops m2 9,6

Leys and other semiperennial grass m2 7,0

Annual grass m2 0,1

Technical areas (infrastructure, roads, etc) m2 0,2

Forest area m2 5,1

Permanent crops (fruit etc) m2 0,02

CML

ReCiPe

Area
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LCA results of wild fish Cod Saithe Herring Mackerel

Climate change kg CO2 eq 3,5 3,2 0,83 0,97

Photochemical oxidation kg C2H4 eq 4,6E-04 4,4E-04 1,6E-04 2,1E-04

Acidification kg SO2 eq 0,021 0,021 0,0059 0,0069

Eutrophication kg PO4--- eq 0,018 0,016 0,001 0,002

ADP elements kg Sb eq 5,6E-06 4,9E-06 1,8E-06 2,5E-06

ADP fossil                                     MJ LHV 33,1 30,7 10,3 12,2

Cumulative energy demand MJ  51,1 46,3 13,4 15,8

Ozone formation, Human health kg NOx eq 0,033 0,033 0,009 0,010

Fine particulate matter formation kg PM2.5 eq 0,005 0,005 0,001 0,002

Ozone formation, Terrestrial ecosystems kg NOx eq 0,033 0,034 0,009 0,010

Terrestrial acidification kg SO2 eq 0,017 0,016 0,005 0,005

Freshwater eutrophication kg P eq 0,002 0,001 0,000 0,000

Marine eutrophication kg N eq 0,000 0,000 0,000 0,000

Terrestrial ecotoxicity kg 1,4-DCB 3,9 3,2 1,3 1,7

Freshwater ecotoxicity kg 1,4-DCB 0,099 0,083 0,018 0,022

Marine ecotoxicity kg 1,4-DCB 0,125 0,104 0,024 0,029

Human carcinogenic toxicity kg 1,4-DCB 0,061 0,050 0,035 0,062

Human non-carcinogenic toxicity kg 1,4-DCB 0,80 0,63 0,26 0,36

Land use m2a crop eq 0,042 0,039 0,034 0,066

Mineral resource scarcity kg Cu eq 0,009 0,008 0,007 0,012

Fossil resource scarcity kg oil eq 0,73 0,68 0,23 0,27

Water consumption m3 0,91 0,68 0,39 0,56

Permanent pasture m2 0 0 0 0

Natural grass m2 0 0 0 0

Annual crops m2 0 0 0 0

Leys and other semiperennial grass m2 0 0 0 0

Annual grass m2 0 0 0 0

Technical areas (infrastructure, roads, etc) m2 0,006 0,004 0,002 0,003

Forest area m2 0,021 0,018 0,005 0,006

Permanent crops (fruit etc) m2 0,04 0,04 0,04 0,09

CML

ReCiPe

Area



Life Cycle Assessment of the existing protein consumption in Norway    

 

49 
 

 

LCA results for prawns

Climate change kg CO2 eq 22,0

Photochemical oxidation kg C2H4 eq 4,0E-03

Acidification kg SO2 eq 0,20

Eutrophication kg PO4--- eq 0,04

ADP elements kg Sb eq 2,7E-05

ADP fossil                                     MJ LHV 285

Cumulative energy demand MJ  312

Ozone formation, Human health kg NOx eq 0,3

Fine particulate matter formation kg PM2.5 eq 0,0

Ozone formation, Terrestrial ecosystems kg NOx eq 0,3

Terrestrial acidification kg SO2 eq 0,2

Freshwater eutrophication kg P eq 0,0

Marine eutrophication kg N eq 0,0

Terrestrial ecotoxicity kg 1,4-DCB 11,0

Freshwater ecotoxicity kg 1,4-DCB 0,0

Marine ecotoxicity kg 1,4-DCB 0,1

Human carcinogenic toxicity kg 1,4-DCB 0,1

Human non-carcinogenic toxicity kg 1,4-DCB 0,9

Land use m2a crop eq 0,1

Mineral resource scarcity kg Cu eq 0,0

Fossil resource scarcity kg oil eq 6,2

Water consumption m3 3,2

Permanent pasture m2 0

Natural grass m2 0

Annual crops m2 0

Leys and other semiperennial grass m2 0

Annual grass m2 0

Technical areas (infrastructure, roads, etc) m2 0,005

Forest area m2 0,009

Permanent crops (fruit etc) m2 0,088

CML

ReCiPe

Area
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LCA results for other seafood

Climate change kg CO2 eq 4,2

Photochemical oxidation kg C2H4 eq 0,0014

Acidification kg SO2 eq 0,028

Eutrophication kg PO4--- eq 0,028

ADP elements kg Sb eq 8E-06

ADP fossil                                     MJ LHV 40,7

Cumulative energy demand MJ  64,9

Ozone formation, Human health kg NOx eq 0,038

Fine particulate matter formation kg PM2.5 eq 0,0067

Ozone formation, Terrestrial ecosystems kg NOx eq 0,039

Terrestrial acidification kg SO2 eq 0,023

Freshwater eutrophication kg P eq 0,0014

Marine eutrophication kg N eq 0,027

Terrestrial ecotoxicity kg 1,4-DCB 5,33

Freshwater ecotoxicity kg 1,4-DCB 0,08

Marine ecotoxicity kg 1,4-DCB 0,10

Human carcinogenic toxicity kg 1,4-DCB 0,06

Human non-carcinogenic toxicity kg 1,4-DCB 1,58

Land use m2a crop eq 1,47

Mineral resource scarcity kg Cu eq 0,01

Fossil resource scarcity kg oil eq 0,90

Water consumption m3 0,66

Permanent pasture m2 0

Natural grass m2 0

Annual crops m2 1,3

Leys and other semiperennial grass m2 0

Annual grass m2 0

Technical areas (infrastructure, roads, etc) m2 0,02

Forest area m2 0,03

Permanent crops (fruit etc) m2 0,03

CML

ReCiPe

Area
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Climate change kg CO2 eq 2,1

Photochemical oxidation kg C2H4 eq 8,2E-04

Acidification kg SO2 eq 0,031

Eutrophication kg PO4--- eq 0,014

ADP elements kg Sb eq 0,000

ADP fossil                                     MJ LHV 12,8

Cumulative energy demand MJ  40,4

Ozone formation, Human health kg NOx eq 0,0076

Fine particulate matter formation kg PM2.5 eq 0,0062

Ozone formation, Terrestrial ecosystems kg NOx eq 0,0079

Terrestrial acidification kg SO2 eq 0,034

Freshwater eutrophication kg P eq 0,0013

Marine eutrophication kg N eq 0,0021

Terrestrial ecotoxicity kg 1,4-DCB 5,0

Freshwater ecotoxicity kg 1,4-DCB 0,081

Marine ecotoxicity kg 1,4-DCB 0,082

Human carcinogenic toxicity kg 1,4-DCB 0,068

Human non-carcinogenic toxicity kg 1,4-DCB 2,0

Land use m2a crop eq 5,2

Mineral resource scarcity kg Cu eq 0,010

Fossil resource scarcity kg oil eq 0,29

Water consumption m3 0,30

Permanent pasture m2 0,0

Natural grass m2 0,0

Annual crops m2 4,3

Leys and other semiperennial grass m2 0,02

Annual grass m2 0

Technical areas (infrastructure, roads, etc) m2 0,03

Forest area m2 0,13

Permanent crops (fruit etc) m2 0,66

CML

ReCiPe

Area

LCA results for eggs
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LCA results for milk products Low fat milk Whole milk Other milk

Climate change kg CO2 eq 1,24 1,45 1,24

Photochemical oxidation kg C2H4 eq 2,5E-04 3,0E-04 2,5E-04

Acidification kg SO2 eq 0,017 0,020 0,017

Eutrophication kg PO4--- eq 0,006 0,007 0,006

ADP elements kg Sb eq 2,7E-06 3,1E-06 2,7E-06

ADP fossil                                     MJ LHV 3,4 4,0 3,4

Cumulative energy demand MJ  5,0 5,9 5,0

ReCiPe
Ozone formation, Human health kg NOx eq 0,0036 0,0042 0,0036

Fine particulate matter formation kg PM2.5 eq 0,0030 0,0034 0,0030

Ozone formation, Terrestrial ecosystems kg NOx eq 0,0037 0,0043 0,0037

Terrestrial acidification kg SO2 eq 0,020 0,023 0,020

Freshwater eutrophication kg P eq 0,0003 0,0004 0,0003

Marine eutrophication kg N eq 0,0001 0,0002 0,0001

Terrestrial ecotoxicity kg 1,4-DCB 1,40 1,64 1,40

Freshwater ecotoxicity kg 1,4-DCB 0,011 0,013 0,011

Marine ecotoxicity kg 1,4-DCB 0,015 0,018 0,015

Human carcinogenic toxicity kg 1,4-DCB 0,015 0,017 0,015

Human non-carcinogenic toxicity kg 1,4-DCB 0,48 0,57 0,48

Land use m2a crop eq 1,17 1,33 1,17

Mineral resource scarcity kg Cu eq 0,003 0,004 0,003

Fossil resource scarcity kg oil eq 0,077 0,090 0,077

Water consumption m3 0,025 0,029 0,025

Permanent pasture m2 0,14 0,16 0,14

Natural grass m2 0 0 0

Annual crops m2 0,59 0,68 0,59

Leys and other semiperennial grass m2 0,78 0,88 0,78

Annual grass m2 0,04 0,05 0,04

Technical areas (infrastructure, roads, etc) m2 0,01 0,01 0,01

Forest area m2 0,05 0,06 0,05

Permanent crops (fruit etc) m2 0 0 0

CML

Area
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LCA results for yoghurt

Climate change kg CO2 eq 1,46

Photochemical oxidation kg C2H4 eq 4,3E-04

Acidification kg SO2 eq 0,019

Eutrophication kg PO4--- eq 0,007

ADP elements kg Sb eq 6,3E-06

ADP fossil                                     MJ LHV 5,62

Cumulative energy demand MJ  11,3

Ozone formation, Human health kg NOx eq 0,0043

Fine particulate matter formation kg PM2.5 eq 0,0035

Ozone formation, Terrestrial ecosystems kg NOx eq 0,0044

Terrestrial acidification kg SO2 eq 0,022

Freshwater eutrophication kg P eq 0,00040

Marine eutrophication kg N eq 0,00028

Terrestrial ecotoxicity kg 1,4-DCB 3,6

Freshwater ecotoxicity kg 1,4-DCB 0,031

Marine ecotoxicity kg 1,4-DCB 0,043

Human carcinogenic toxicity kg 1,4-DCB 0,031

Human non-carcinogenic toxicity kg 1,4-DCB 1,0

Land use m2a crop eq 1,1

Mineral resource scarcity kg Cu eq 0,005

Fossil resource scarcity kg oil eq 0,039

Water consumption m3 0,020

Permanent pasture m2 0,1

Natural grass m2 0,00

Annual crops m2 0,7

Leys and other semiperennial grass m2 0,8

Annual grass m2 0,04

Technical areas (infrastructure, roads, etc) m2 0,01

Forest area m2 0,08

Permanent crops (fruit etc) m2 0

CML

ReCiPe

Area
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LCA results for cheese

Climate change kg CO2 eq 11,9

Photochemical oxidation kg C2H4 eq 0,0024

Acidification kg SO2 eq 0,16

Eutrophication kg PO4--- eq 0,054

ADP elements kg Sb eq 2,6E-05

ADP fossil                                     MJ LHV 39,4

Cumulative energy demand MJ  68,2

Ozone formation, Human health kg NOx eq 0,035

Fine particulate matter formation kg PM2.5 eq 0,028

Ozone formation, Terrestrial ecosystems kg NOx eq 0,035

Terrestrial acidification kg SO2 eq 0,18

Freshwater eutrophication kg P eq 0,0029

Marine eutrophication kg N eq 0,0013

Terrestrial ecotoxicity kg 1,4-DCB 18,9

Freshwater ecotoxicity kg 1,4-DCB 0,14

Marine ecotoxicity kg 1,4-DCB 0,18

Human carcinogenic toxicity kg 1,4-DCB 0,15

Human non-carcinogenic toxicity kg 1,4-DCB 4,8

Land use m2a crop eq 10,8

Mineral resource scarcity kg Cu eq 0,030

Fossil resource scarcity kg oil eq 0,89

Water consumption m3 4,4

Permanent pasture m2 1,3

Natural grass m2 0,0

Annual crops m2 5,0

Leys and other semiperennial grass m2 6,0

Annual grass m2 0,3

Technical areas (infrastructure, roads, etc) m2 0,1

Forest area m2 0,5

Permanent crops (fruit etc) m2 0,0

Area

ReCiPe

CML
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Wheat Oats Barley
Climate change kg CO2 eq 0,72 0,67 0,66

Photochemical oxidation kg C2H4 eq 8,3E-05 8,6E-05 8,5E-05

Acidification kg SO2 eq 0,010 0,0065 0,0067

Eutrophication kg PO4--- eq 0,0040 0,0033 0,0031

ADP elements kg Sb eq 4,7E-06 4,9E-06 4,8E-06

ADP fossil                                     MJ LHV 4,0 4,0 4,0

Cumulative energy demand MJ  5,1 5,1 5,0

Ozone formation, Human health kg NOx eq 0,0016 0,0016 0,0016

Fine particulate matter formation kg PM2.5 eq 0,0018 0,0014 0,0014

Ozone formation, Terrestrial ecosystems kg NOx eq 0,0017 0,0017 0,0017

Terrestrial acidification kg SO2 eq 0,011 0,007 0,007

Freshwater eutrophication kg P eq 0,00056 0,00059 0,00051

Marine eutrophication kg N eq 0,000013 0,000013 0,000012

Terrestrial ecotoxicity kg 1,4-DCB 1,8 1,8 1,8

Freshwater ecotoxicity kg 1,4-DCB 0,017 0,017 0,016

Marine ecotoxicity kg 1,4-DCB 0,023 0,023 0,022

Human carcinogenic toxicity kg 1,4-DCB 0,016 0,017 0,016

Human non-carcinogenic toxicity kg 1,4-DCB 0,7 0,7 0,7

Land use m2a crop eq 2,4 2,6 2,7

Mineral resource scarcity kg Cu eq 0,0043 0,0045 0,0045

Fossil resource scarcity kg oil eq 0,091 0,090 0,091

Water consumption m3 0,021 0,020 0,016

Permanent pasture m2 0,00 0,00 0,00

Natural grass m2 0,00 0,00 0,00

Annual crops m2 2,4 2,6 2,6

Leys and other semiperennial grass m2 0,0 0,0 0,0

Annual grass m2 0,0 0,0 0,0

Technical areas (infrastructure, roads, etc) m2 0,0 0,0 0,0

Forest area m2 0,0 0,0 0,0

Permanent crops (fruit etc) m2 0,0 0,0 0,0

CML

ReCiPe

Area

LCA results for cereal products
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Climate change kg CO2 eq 0,71

Photochemical oxidation kg C2H4 eq 1,6E-04

Acidification kg SO2 eq 0,0061

Eutrophication kg PO4--- eq 0,0043

ADP elements kg Sb eq 2,1E-06

ADP fossil                                     MJ LHV 5,2

Cumulative energy demand MJ  8,1

Ozone formation, Human health kg NOx eq 0,0038

Fine particulate matter formation kg PM2.5 eq 0,0014

Ozone formation, Terrestrial ecosystems kg NOx eq 0,0039

Terrestrial acidification kg SO2 eq 0,0058

Freshwater eutrophication kg P eq 0,00020

Marine eutrophication kg N eq 0,0013

Terrestrial ecotoxicity kg 1,4-DCB 1,4

Freshwater ecotoxicity kg 1,4-DCB 0,009

Marine ecotoxicity kg 1,4-DCB 0,012

Human carcinogenic toxicity kg 1,4-DCB 0,009

Human non-carcinogenic toxicity kg 1,4-DCB 0,79

Land use m2a crop eq 1,6

Mineral resource scarcity kg Cu eq 2,0E-03

Fossil resource scarcity kg oil eq 0,11

Water consumption m3 0,15

Permanent pasture m2 0

Natural grass m2 0

Annual crops m2 1,1

Leys and other semiperennial grass m2 0

Annual grass m2 0

Technical areas (infrastructure, roads, etc) m2 6E-03

Forest area m2 0,02

Permanent crops (fruit etc) m2 1E-05

CML

ReCiPe

Area

LCA results for bread (ingredients only)
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Appendix 2. Conversion factors for meat. 

 

Conversion factors between live weight, slaughter weight and product weight used in this study. 

 
 

1. The fat ewe. http://www.thefatewe.com/how-much-meat-do-you-get.html. 

2. Mads Svennerud og Gro Steine: Beregning av det norske kjøttforbruket. Notat 2011-2. 

NILF. ISBN nr 978-82-7077-791-4 

3. Marlene Furnes Bagley: Dyrevelferdsprogram slaktekylling : Omregningsafktorer 

slaktevekt/levendevekt. 21 november 2013. Animalia. 

4. Wall H, Barr U-K, Borch E, Brunius C, Gunnarsson S, Hamberg L, Lindbom I, Lorentzon K, 

Nielsen T, Nilsson K, Normann A, Salomon A, Sindhöj E, Sonesson U, Sundberg M, 

Åström A, Östergren K (2014): Hållbara matvägar – referens- och lösningsscenarier för 

kycklingproduktion och framställning av fryst kycklingfilé. Rapport steg 3 

5. Roer A-G, Johansen A, Bakken AK, Daugstad K, Fystro G, Strømman AH (2013): 

Environmental impacts of combined milk and meat production in Norway according to a life 

cycle assessment with expanded system boundaries. LivestockScience155 (2013) 384–

396.  

6. Data fra forskningsprosjektet Meat 2.0.  

7. Animalia: Kjøttets tilstand 2018. Status i norsk kjøtt- og eggproduksjon. Oktober 2018. 

www.animalia.no.  

8. Mogensen L, Hermansen JE, Nguyen L and Preda T: Environmental impact of beef. BY 

Life Cycle Assessment (LCA) – 13 Danish beef production systems. DCA report no 061. 

April 2015. Aarhus University.  

9. Anna Woodhouse, RISE Sustainable Food Production Systems 

 

 

Calc: Calculated from the other factors given in this table.  

 

 

 

Lamb and 

sheep Reference Chicken ReferenceBeef ReferencePork Reference

%  slaughter weight per kg live 

weight 50,0 1 67,0 3 49,1 5 68,5 6

% sales product weight per kg 

slaughter weight 75,0 1 79,0 4 74,1 Calc 90,0 6

%  sales product per kg live weight 37,8 Calc 52,9 Calc 36,4 8 61,7 Calc

% edible bonefree meat of 

slaughter weight 72,5 2 57 2 70,0 9 60,0 7

http://www.thefatewe.com/how-much-meat-do-you-get.html
http://www.animalia.no/


Life Cycle Assessment of the existing protein consumption in Norway    

 

58 
 

Appendix 3. Protein content of individual product 

categories. 

  
 

Source: "Norwegian Food Composition Database 2018. Norwegian 

FoodSafety  Authority. www.matvaretabellen.no". 

 

 

Protein content 

Beef 22 % of bonefree meat

Mutton and sheep meat 20 % of bonefree meat

Chicken meat 23 % of bonefree meat

Pork 22 % of bonefree meat

Venison and other meat 22 % of bonefree meat

Cod 17,9 % of edible part of the product, boiled.

Salmon 20 % of edible part of the product

Herring 16 % of edible part of the product.

Mackerel 17,8 % of edible part of the product.

Saithe 16,5 % of edible part of the product.

Prawns 23,3 % of edible product

Other seafood 16 % of edible part of the product.

Eggs 13 % of edible part

Yoghurt 3,7 % of sales product

Cheese 27 of sales product

Whole milk 3,3 % of sales product

Low fat milk 3,5 % of sales product

Other milk 3,4 % of sales product

Wheat 13 % of dried cereal

Oats 12 % of dried cereal

Barley 8,6 % of dried cereal

Bread 9 % of baked bread

http://www.matvaretabellen.no/
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Authority. www.matvaretabellen.no". 

http://www.matvaretabellen.no/

