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Abstract in English 

Changing the western dietary pattern toward a healthier diet with reduced intake of 
animal foods is a commonly recognized strategy in the ongoing effort for global 
sustainability. Since animal foods tend to have a high environmental impact, 
vegetarian diets are often suggested as an ecological alternative to the typical 
Western diet. The low sum of environmental impacts, however, does not on its own 
necessarily translate to a sustainable diet. Sustainability encompasses many other 
aspects, such as nutritional adequacy, affordability, and cultural acceptability. As 
regards the elimination of animal foods in particular, health-related aspects ought 
to be considered since some nutrients are supplied primarily via animal products 
which may lead to nutritional deficiencies and potential negative health effects in 
the long term. Furthermore, since the main function of diets is the supply of 
(adequate) nutrition, the environmental impacts of diets ought to be compared in 
light of their nutritional quality. In this project the environmental impact on 
climate change, land use, blue water footprint, and biodiversity damage potential of 
four diets is assessed, along with their nutritional adequacy and financial cost. The 
four assessed diets are: an average Swedish diet, New Nordic diet, vegetarian diet, 
and vegan diet. The environmental impacts are normalized with a nutritient-rich 
diet score (NRD) to compare the impacts of diets in relation to their nutritional 
quality. The vegan diet, followed by the vegetarian diet, resulted in the lowest 
overall impact with the exception of blue water footprint, however, the 
normalization with NRD score lessened the relative differences between the New 
Nordic, vegetarian, and vegan diet. Furthermore, the nutritional assessment 
showed a potentially unsustainable intake of vitamin D in vegetarians and vit. D 
and B12 in vegans, which is not properly reflected in the nutritional quality score. 
Nevertheless, the use of the nutritional score is fairly simple and provides 
opportunity for linking the health-related aspect of diets to their environmental 
impact. Joined with indicators on other sustainability aspects, such as the 
economic, this method can offer a more holistic picture of the sustainability of 
diets. 
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Abstract in Swedish 

Att ändra det västerländska kostmönstret mot en hälsosammare diet med minskat 

intag av animaliska livsmedel är en allmänt erkänd strategi i den pågående 

ansträngningen för global hållbarhet. Eftersom djurfoder tenderar att ha stor 

miljöpåverkan, är vegetariska dieter ofta föreslagna som ett ekologiskt alternativ 

till den typiska västerländska kosten. Den låga summan av miljöpåverkan innebär 

emellertid inte nödvändigtvis att det är en hållbar diet. Hållbarhet omfattar många 

andra aspekter, såsom näringskrav, överkomlighet och kulturell acceptans. När det 

gäller avskaffandet av animaliska livsmedel bör i synnerhet hälsorelaterade 

aspekter beaktas eftersom vissa näringsämnen levereras primärt via animaliska 

produkter vilket kan leda till näringsbrist och potentiellt negativa hälsoeffekter på 

lång sikt. Eftersom dietens huvudsakliga funktion är tillförseln av (tillräcklig) 

näring, borde miljöpåverkan av dieter jämföras med hänsyn till deras 

näringskvalitet. I detta projekt bedöms miljöpåverkan med avseende på 

klimatförändringar, markanvändning, blått blåvattenavtryck och biologisk 

mångfaldskador för fyra dieter tillsammans med deras näringsbehov och 

ekonomiska kostnader. De fyra bedömda kostvanorna är: en genomsnittlig svensk 

diet, ny nordisk kost, vegetarisk kost och vegansk kost. Miljöpåverkan normaliseras 

med ett näringsrikt diettvärde (NRD) för att jämföra effekterna av dieter i 

förhållande till deras näringskvalitet. Vegansk diet, följt av vegetarisk kost, 

resulterade i den lägsta övergripande effekten, med undantag för blå vattenavtryck, 

men normaliseringen med NRD-poäng minskade de relativa skillnaderna mellan 

den nya nordiska, vegetariska och veganska dieterna. Vidare visade 

näringsvärderingen ett potentiellt ohållbart intag av vitamin D för vegetarianer och 

vit. D och B12 för veganer, vilket inte korrekt återspeglas I det näringsmässiga 

kvalitetsresultatet. Ändå är användningen av näringsvärdet ganska enkelt och ger 

möjlighet att koppla den hälsorelaterade aspekten av dieter till deras 

miljöpåverkan. Genom att kombinera indikatorer för andra hållbarhetsaspekter, 

såsom den ekonomiska, kan denna metod erbjuda en mer holistisk bild av dieters 

hållbarhet. 
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Introduction 

Feeding a planet inhabited by nearly 8 billion people is a challenging task laden 
with environmental burdens. Globally, the industrial sector of agriculture is 
responsible for 19 – 29 % of GHG emissions (Ridoutt, et al., 2017), 70 % of fresh 
water consumption, 38 % of land use, with significant contributions to ecotoxicity, 
eutrophication and acidification due to the extensive use of agrochemicals, and 
depletion of biotic resources due to land transformation and fish capture (EEA, 
2014). Food systems are a critical target area of the 2030 Agenda for Sustainable 
Development, of which several goals are directly or indirectly tied to the 
production, distribution, and consumption of food, e.g. Goal 2: ”End hunger, 
achieve food security and improved nutrition and promote sustainable agriculture”, 
Goal 3: ” Ensure healthy lives and promote well-being for all at all ages”, Goal 12: ” 
Ensure sustainable consumption and production patterns”, as well as Goals 13 – 15 
dealing with climate change and degradation of marine and terrestrial ecosystems 
(UN, 2015). 

Considering that all production ultimately serves the purpose of consumption, 
dietary choices and resulting consumption patterns are a key driver of agricultural 
production and consequent impacts. In a study by Hertwich and Peters (2009), 72 
% of global GHG emissions were found to be related to household consumption, of 
which 20 % were related to food (Hertwich & Peters, 2009). When accounting for 
land use change, the percentage of food-related GHG emissions in developed 
countries can be as high as 27 %, the highest of all consumption categories (UNEP, 
2010). The environmental impact of food choices has been recognized and 
changing the western dietary pattern, characterized by a high intake of animal 
products, sugar, and processed food, is an important element in the effort for global 
sustainability.  

Past assessments of food products have established meat and animal products to be 
the utmost environmental pollutors, chiefly in the form of greenhouse gas 
emissions (Aleksandrowicz, et al., 2016). In terms of the amount of greenhouse 
gases produced, a clear hierarchy of foods has emerged with meats of ruminant 
animals on the top, followed by processed dairy products such as cheese and butter, 
other meats, eggs and fish, milk, with grains (except rice), fruits and vegetables 
(except those produced in greenhouses) on the bottom (Clune, et al., 2016). In line 
with these findings, diets with a reduced or absent intake of animal foods, such as 
vegetarian and vegan diets, are often found to be the least polluting (Garnett, 2014) 
(Carlsson-Kanyama & González, 2009) (Castane & Assumpcio, 2017), which has 
lead some authors to conclude that the proportion of animal products in a diet is 
what largely determines its environmental impact (Baroni, et al., 2014). Some 
studies further estimated that by switching from omnivorous to vegetarian diet 
GHG emissions could potentially be reduced by 20 – 74 %, and by switching to 
vegan diet by 25 – 90 % (Hallström, et al., 2015) (Goldstein, et al., 2016). This does 
not mean that switching to vegetarian diets is necessarily advisable but in light of 
these findings there is a fairly acknowledged need to reduce the animal component 
in Westernized diets (FAO, 2010), which is further supported by predictions that 
the demand for animal products will continue to rise in the future (EC, 2018). 

However, the amount of GHG emissions is only one of many environmental 
indicators and on its own provides only limited insight into a diet’s overall 
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environmental performance. Past studies tended to focus overwhelmingly on the 
GHG emissions alone (Ridoutt, et al., 2017), which runs the risk of other impacts 
being potentially increased, thus shifting the environmental burden (Goldstein, et 
al., 2016). Confirmingly, in a study of alternative dietary scenarios in Sweden by 
Martin & Brandão (2017) the vegetarian and vegan scenarios resulted in an 
increased human and ecosystem toxicity and blue water footprint due to the high 
intake of fruit and vegetables. Furthermore, a study of self-reported French diets by 
Vieux et al. (2012) demonstrated that iso-calorically replacing meat with fruit and 
vegetables may potentially even increase GHG emissions. This suggests that a 
strategy to inform dietary choices replacing the reduced meat intake is as important 
as the reduction itself. 

Taking the issue further, the low sum of environmental impacts does not on its own 
necessarily translate to a sustainable diet. As regards elimination of animal foods in 
particular, health-related aspects ought to be considered since some nutrients such 
as protein, iron, zinc, calcium, and vitamin B12 are supplied primarily via animal 
products (Röös, et al., 2015), which then makes it necessary to replace these 
nutrients by additional supplementation. Inadequate levels of these nutrients in 
vegans are a finding of several nutritional studies (Larsson & Johansson, 2002) 
(Waldmann, et al., 2003), and increased use of dietary supplements by vegans 
compared to omnivores was observed (Larsson & Johansson, 2005) (Waldmann, et 
al., 2003). However, the long-term implications of supplying nutrients from 
supplements are uncertain and may even be detrimental to health (Nordic Council 
of Ministers, 2014:p32), and therefore using supplements as a means to adjust an 
unbalanced diet might not be a sustainable solution.  

The missing account of nutrition in environmental assessments of food and diets is 
a shortcoming that has been pointed out by several authors (Heller, et al., 2013) 
(Sala, et al., 2016) (Notarnicola, et al., 2016). Although diets serve a variety of 
functions in lives of different individuals, presumably the main function is 
supplying (adequate) nutrition. Hence, this ought to be the basis for comparisons 
between diets. Various ways of incorporating nutrition into food-based life cycle 
assessment have been investigated, though no single universal method has 
emerged (Heller, et al., 2013). Nevertheless, a handful of studies combining 
environmental and nutritional assessment of diets have been conducted and can 
serve as a guiding example (e.g. (Röös, et al., 2015) (Soret, et al., 2014) (Masset, et 
al., 2014) (Monsivais, et al., 2015). 

Multiple other aspects besides the low environmental impact and adequate 
nutrition are mentioned in the definition of sustainable diets by FAO (2010):  

”Sustainable Diets are those diets with low environmental impacts which 
contribute to food and nutrition security and to healthy life for present and 
future generations. Sustainable diets are protective and respectful of 
biodiversity and ecosystems, culturally acceptable, accessible, 
economically fair and affordable; nutritionally adequate, safe and 
healthy; while optimizing natural and human resources.” (emphasis added) 

These other aspects tended to be neglected in many past studies on the 
sustainability of diets (Ridoutt, et al., 2017) (Perignon, et al., 2016). Although some 
of them may be difficult to assess (e.g. cultural acceptability, fairness), they are 
nevertheless important to consider. 
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Aims and objectives 

The aim of this project is to evaluate the sustainability of several diets in the 
geographical context of Sweden, primarily as regards their environmental impact, 
nutritional adequacy, and economic cost but considering also other aspects of 
sustainability.  

Three diets were chosen for the assessment: the vegetarian diet, its variation the 
vegan diet, and the New Nordic diet, since these diets tended to come up repeatedly 
in discussions around sustainable dietary patterns (Aleksandrowicz, et al., 2016). 
Average Swedish diet will also be assessed as a ’business-as-usual’ point of 
reference. Simplified LCA method will be used to evaluate these diets across a 
range of environmental impact categories and supplemented with an assessment of 
nutritional content and diet cost.  

The objective is to gain insight and provide information on the relation between 
various sustainability aspects of the assessed dietary patterns, which might be of 
interest to policy makers, researchers, as well as general public seeking information 
on responsible lifestyle choices. 

For this purpose, an answer to the following research questions will be attempted: 

 Is there an environmental, nutritional, and cost benefit to these diets 
compared to an average Swedish diet? 

 What are the environmental impacts of these diets when compared on the 
basis of providing adequate nutrition? 

 What are the tradeoffs between different aspects sustainability among these 
diets? 
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Methods 

1.1 Assessing sustainability of diets 

Sustainability is a multifaceted and fuzzy concept with value-laden interpretations 
which is inherently challenging to assess (Sala, et al., 2015). It involves the choice 
and use of different tools, methods, and indicators encompassing environmental, 
social, and economic dimensions, as well as cultural and ethical aspects. Although a 
unified methodology for sustainability assessment is lacking methodological 
frameworks have been offered, such as the one by Sala et al. (2015) deriving from 
the BellagioSTAMP (Sustainability Assessment and Measurement Principles), 
which can guide the conduct of the assessment. (ibid) 

Besides environmental impact the assessment of sustainability should, at its most 
basic, involve at least two additional dimensions: the social, and the economic, 
thereby covering the three pillars of sustainability (environment, society, 
economy). It is also desirable to not only evaluate these pillars separately but also 
to assess their interconnections to understand their influence on one another. 
Furthermore, one distinguishing feature of sustainability assessment from other 
appraisal methods is the identification of a boundary demarcating what contributes 
to sustainable development and what does not. (ibid) 

In this project these three aspects of diets are assessed: environmental impact, 
nutritional adequacy, and cost, representing the environmental, social, and 
economic dimensions of sustainability. Nutritional adequacy is connected to good 
health and welfare, and hence was assumed to belong in the social dimension. 
Financial cost was assumed a proxy for affordability, belonging to the economic 
dimension, though it does not address the impacts on the global economy in a 
broader sense. Nevertheless, due to the limited scope of the project this was 
assumed to be sufficient. 

 

1.2 Modelling dietary scenarios 

Developing dietary scenarios can be generally done in two ways: based on 
registered dietary data, e.g. from dietary surveys or statistics on food consumption, 
or based on hypothetical diets, with advantages and disadvantages to both 
approaches (Hallström, et al., 2015). The advantage of registered dietary data is 
that the diets are realistic and that they can be linked to individual characteristics 
such as age, nationality, or socioeconomic conditions, while the disadvantage is 
that the self-registered dietary habits may be misreported or change over time and 
differ from the time when they were examined. On the other hand, hypothetical 
diets have the disadvantage of being possibly unrealistic in practice but the 
advantage is that any potential dietary scenario can be investigated, practical or 
not. (ibid)  

If the evaluation of sustainable diets is to avoid being a mere theoretical exercise, 
the modelling of dietary scenarios should, as far as possible, be grounded in 
realistic dietary choices, since otherwise diets could be invented that are 
sustainable ’on paper’ but impractical in the real world. Furthermore, deriving from 
registered dietary data can help indicate the cultural acceptability of the modelled 
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diet, since the data shows how people already eat. Nevertheless, to be able to 
investigate future scenarios at all one has to hypothesize to some extent. In this 
project the diets are modelled in the following way: so far as the diet is ’real’ in the 
sense that it is being followed by actual individuals whose dietary intake may be 
obtained from surveys, such as is the case of vegetarian and vegan diets, the 
modelling is based on registered data, i.e. dietary surveys. In the case of the New 
Nordic diet which is largely a hypothetical healthy scenario and for which 
registered data is not available, the diet is modelled from dietary guidelines as 
found in literature. 

 

1.2.1 Food categories 

As is common practice in diet-based LCA, in order to reduce the complexity of the 
diet models individual foods were grouped into categories. Representative foods 
were then chosen for each food category, reflecting the most consumed foods by an 
average Swede (described in the following subsection) but limited by the data that 
was available for later life cycle inventory analysis. Table 1 shows the food 
categories and their representative foods that are being used in this project. In total 
42 foods were selected, representing 14 food categories. 

Table 1 Food categories and their representative foods 

  Food group Representative foods 

1 meat beef, pork, chicken 

2 milk, dairy products and eggs milk, cream and butter, cheese, eggs 

3 fish and seafood fresh and frozen fish, preserved fish 

4 vegetable oils and added fats margarine, rapeseed oil 

5 vegetables carrot, tomato, cucumber, lettuce, cabbage, onion 

6 potatoes and potato products potato 

7 fruits and berries orange, banana, apple, peach, grapes, strawberry 

8 cereals and pulses beans, bread, rice 

9 nuts, seeds and peanuts peanuts, cashews 

10 plant milk and dairy substitutes soy milk, almond milk, oat milk 

11 soy products and meat substitutes tofu, soy sausage 

12 snacks and desserts chocolate, ice cream, vegan ice cream 

13 soft drinks and sugar carbonated soft drinks 

14 other foods and alcohol coffee, beer 

 

1.2.2 Average Swedish diet 

An average Swedish diet serves as a baseline reference for comparison between 
diets in this project. Data for the average Swedish diet (ASD) were taken from the 
official statistics on food consumption by the Swedish Board of Agriculture 
(Jordbruksverket, 2017), using data for the year 2017. According to this data the 
average Swedish daily caloric intake in 2017 was about 3,200 kcal/day and total 
annual consumption amounted to 874 kg of food, which comes to about 2,400 
grams per day. The intake of different food groups as reported by Jordbruksverket 
(2017) is shown in table 2 below. 
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Table 2 Swedish food consumption in the year 2017 (Jordbruksverket, 2017) 

Food group 
kg 

/year 
g /day 

kcal 
/day 

% of 
energy 
intake 

breads and cereal products1 101,5 278,1 890,8 28% 

vegetables 80,3 220,0 93,2 3% 
potatoes and potato 
products 83,6 229,0 172,6 5% 

fruits and nuts 103,0 282,2 229,0 7% 

oils and fats2 12,6 34,5 266,7 8% 

sugar and syrup 37,5 102,7 60,7 2% 

meat 80,3 220,0 375,7 12% 

fish and seafood3 30,2 82,7 74,8 2% 

milk and fermented milk 105,9 290,1 148,2 5% 

cream and butter 13,3 36,4 86,5 3% 

cheese 19,4 53,2 157,3 5% 

eggs 14,5 39,7 38,2 1% 

soft drinks 89,0 243,8 88,7 3% 

other foods4 45,2 123,8 398,7 13% 

alcohol 71,8 196,7 95,4 3% 

total 888,1 2433,2 3176,4 100% 

1 Includes flours, pasta, pastry, rice, corn, oats, and breakfast cereals; 2 margarine and liquid 
vegetable oils; 3 data for the year 2010 were used since later data were unavailable; 4 includes 
confectionery, chocolate, ice cream, and sauces such as mayonnaise or soy sauce 

As regards dietary composition of the average Swedish diet, the largest amount of 
dietary energy in 2017 came from bread and cereals (28 % of energy, 280 g/day). 13 
% of energy came from processed snacks, confectionery, chocolate, and ice cream 
(the ’other foods’ category), 5 % from sugary products and soft drinks, and 3 % 
from alcohol, i.e. foods with little nutritional value. Together these foods account 
for 21 % of energy intake which makes it the second largest caloric source, even 
larger than dairy products and eggs (14 % of energy), or meat and meat products 
(12 %). The intake of fruits and vegetables other than potatoes accounted for 10 % 
of energy (500 g/day), while potatoes and potato products accounted for additional 
5 %. The remaining contributions come from vegetable oils (8 % of energy) and fish 
(2 %). This data suggests a not particularly sustainable or healthy diet with a high 
intake of added sugar (100 g/day) and meat (220 g/day), though some positives 
may be pointed out, e.g. the high intake of dairy for calcium or the fairly high intake 
of fruits (280 g/day).  

To be able to compare the dietary scenarios the average Swedish diet was adjusted 
to a caloric intake of 2,000 kcal/day, by multiplying the table 2 intake values 
*2000/(reported caloric intake, i.e. 3200 kcal). The adjusted intake of food groups 
in the ASD is shown in table 4 further below along with the intake of New Nordic 
diet. 
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1.2.3 New Nordic diet 

The New Nordic diet (NND) is a dietary pattern devised by the Danish project 
OPUS (”Optimal well-being, development and health for Danish children through a 
healthy new Nordic diet”), and its aim is to offer a healthy, sustainable diet 
specifically fitted to the cultural setting of the Nordic region (Saxe & Jensen, 2014). 
The NND can be distilled into three broad dietary guidelines: 1. increase calories 
from plant foods and decrease calories from animal foods, 2. increase the 
consumption of fish, shellfish and seaweed, preferring wild-caught over farmed, 
while paying attention to sustainability labels (MSC), and 3. increase the intake of 
foods from the wild countryside, including berries, mushrooms, game meat 
(Mithril, et al., 2012). Further NND suggestions are to rely on locally sorted over 
imported foods in order to minimize the environmental impact of transportation, 
to focus on organically produced food over the food from conventional intensive 
agriculture, and to ’minimize waste’, though little guidance is given on this last 
point (ibid). A study by Jensen et al. (2015) was taken as a reference for the intake 
of various food groups in the New Nordic diet (table 3).  

Table 3 Guidelines for the New Nordic Diet (adjusted to 2,000 kcal from (Jensen, et al., 2015)) 

Food group Average content 

  g/2000 kcal/day 

meat 72 - 96 

fish and seafood 33 - 43 

vegetables 293 - 377 

potatoes > 125 

fruits 209 - 293 

including berries > 40 

whole grains > 60 

legumes > 25 

nuts and seeds > 25 

added sugar < 9 

 

In this project the New Nordic diet is largely a hypothetical scenario in the sense 
that its modelling was not based on self-reported dietary data. The average Swedish 
intakes adjusted to 2,000 kcal were taken as a starting point for modelling. These 
intakes were then either increased or decreased according to the guidelines by 
Jensen et al. (2015) (table 3) while keeping changes to a minimum, as much as this 
was possible. For instance, where the NND recommendation for meat is 72 – 96 
g/day (table 3), the upper limit was chosen since this was closer to the Swedish 
intake of 138,5 g/day. Although the guidelines by Jensen et el. (2015) also mention 
that foods should be > 95 % of Nordic origin and > 75 % organic, this was not 
considered in this project since the aim was to compare the diets based on their 
content and not on the type of food production.  

The composition of the New Nordic diet, along with the relative change from the 
average Swedish diet, is shown in table 4 below. As can be seen from the table, the 
intake of certain food groups was left unchanged from the avergae Swedish diet. 
This was the case for the food groups where Jensen et al. (2015) offers no guideline 
(i.e. the dairy and eggs group and the vegetable oils group), or where the NND 
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guideline was already close to the ASD level, i.e. potatoes (NND recommends >125 
g/day, assumed to be 144,2 g/day as in the ASD) and cereals and pulses (NND 
recommends >85 g/day, assumed to be 175,1 g/day). Finally, the NND guideline for 
the intake of added sugar is < 9 g/day which, given the average Swedish intake of 
100 g/day, seemed too optimistic and therefore a more conservative reduction of 
36 % was assumed (from 218,2 down to 140g/day for the soft drinks and sugar 
group). This was an arbitrary assumption and in order to avoid potentionaly 
favoring any diet in the nutritional evaluation the same reduction in the intake of 
soft drinks and sugar was assumed in the vegetarian and vegan diets.  

Overall, the New Nordic diet was modelled by the following changes from the 
average Swedish diet: reduced intake of meat (-31 %), fish and seafood (-10 %), 
snacks and desserts (-10 %), and sugar and soft drinks (-36 %); increased intake of 
vegetables (+120 %), fruits (+40%), nuts (+1260%); with the rest remaining 
unchanged from the ASD (table 4). Further difference is in the cereals and pulses 
group, where more whole grains and legumes are eaten in the NND compared to 
the mainly refined grains in the ASD (not shown in table 4) (Jordbruksverket, 
2017). 

Table 4 Composition of New Nordic and average Swedish diet 

Food group 

Average 
Swedish diet 

New Nordic 
diet 

NND intake 
suggested by 
Jensen et al 

(2015) 

relative 
change 

from ASD 

  g/2000 kcal/day g/2000 kcal/day g/2000 kcal/day % 

Meat 138,5 95,0 72 - 96 -31% 

milk, dairy products and eggs 264,1 264,1 N/A 0% 

fish and seafood 52,1 47,0 33 - 43 -10% 

vegetable oils and added fats 21,7 21,7 N/A 0% 

vegetables 138,5 305,0 293 - 377 120% 

potatoes and potato products 144,2 144,2 > 125 0% 

fruits and berries 177,2 248,0 209 - 2931 40% 

cereals and pulses 175,1 175,1 > 852 0% 

nuts, seeds and peanuts 0,7 10,0 > 253 1260% 

plant milk, dairy substitutes 0,0 0,0 N/A 0% 

soy products, meat substitutes 0,0 0,0 N/A 0% 

snacks and desserts 78,0 70,04 N/A -10% 

soft drinks and sugar 218,2 140,04 < 9 -36% 

coffee, tea, alcohol 92,1 92,1 N/A 0% 

Total 1500,6 1612,3     

1 including also > 40 g of berries; 2 > 60 g of whole grains, > 25 g of legumes; 3 the change to this 
intake from the ASD would be too big, therefore reduced to 10 g of nuts; 4 & 5 the same intake 
assumed for vegetarian and vegan diets 

 

1.2.4 Vegetarian and vegan diets 

The term ’vegetarian diets’, in plural form, refers to all types of vegeterian diets that 
exclude various animal-derived foods, i.e. lacto-ovo vegetarian (meat is excluded 
but dairy and eggs are allowed), pescetarian (fish is included but other meats are 
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excluded), and vegan (all animal foods are excluded). ’Vegetarian diet’, in singular, 
is what is generally understood by the lacto-ovo vegetarian type, and as such the 
term will be used in this project (i.e. ’vegetarian diet’ as referring to the lacto-ovo 
vegetarian diet, where meat and fish is excluded, dairy and eggs are allowed).  

Several studies on vegetarian dietary intakes are available, which can provide a 
reference for modelling vegetarian diet for the purposes of environmental 
assessments. Among the major such studies are: the Adventist Health Study-2 
(Orlich, et al., 2014), the EPIC-Oxford study (Davey, et al., 2002) and its follow-up 
the UK Biobank study (Bradbury, et al., 2017), the NutriNet-Santé Study (Alles, et 
al., 2017), as well as some minor studies, e.g. the German Vegan Study (Waldmann, 
et al., 2003). There are some past studies of vegans from Sweden, however, these 
were focused on a specific socioeconomic group of school-going adolescents and 
provide only nutritional assessment without the record of dietary intake (Larsson, 
et al., 2001) (Larsson & Johansson, 2002). Only one Swedish study was found that 
recorded food intake (Larsson & Johansson, 2005) but the information is not 
complete to compose a diet model, for instance caloric intake is not provided. 
Therefore only non-Swedish studies were consulted for the purpose of modelling 
vegetarian diets in this project. Out of the above mentioned studies the UK Biobank 
study was consulted to construct the vegetarian and vegan diet in this project since 
the UK was presumed to have the most similar geography and climate to Sweden. 
The food intakes of vegans and vegetarians taken from the UK Biobank study are 
given in table 5 below.  

The intake of the snacks and desserts group and the soft drinks and sugar group  
was assumed to be the same as in the New Nordic diet, i.e. reduced by 36 % and 10 
% respectively from the average Swedish intake. The justification was that the 
intake of these food groups is based on social or convencience reasons rather than 
reflecting an attribute of a specific dietary pattern. For similar reasons the coffee, 
tea, and alcohol group was assumed equal among all the diets. Due to these 
changes the vegetarian and vegan diets had to be readjusted to 2,000 kcal. This was 
done by increasing the intake of all non-zero food groups except the soft drinks and 
sugar group and the coffee, tea, alcohol group by 5 % and 8 % in the vegetarian and 
vegan diet respectively (table 5 gives the intakes after this adjustment). 
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Table 5 Modelled composition of vegetarian and vegan diets 

Food group 
Average 

Swedish diet 
Vegetarian 

diet1 Vegan diet2 

  
g/2000 kcal/day g/2000 kcal/day g/2000 kcal/day 

meat 138,5 0,0 0,0 

milk, dairy products and eggs 264,1 293,1 0,0 

fish and seafood 52,1 0,0 0,0 

vegetable oils and added fats 21,7 21,7 21,7 

vegetables 138,5 314,6 472,0 

potatoes and potato products 144,2 78,1 88,7 

fruits and berries 177,2 384,8 498,8 

cereals and pulses 175,1 198,4 237,3 

nuts, seeds and peanuts 0,7 8,0 12,2 

plant milk, dairy substitutes 0,0 43,6 129,8 

soy products, meat substitutes 0,0 64,5 86,5 

snacks and desserts 78,0 70,0 70,0 

soft drinks and sugar 218,2 140,0 140,0 

coffee, tea, alcohol 92,1 92,1 92,1 

Total (g/2000 kcal/day) 1500,6 1708,9 1849,2 

1 intake increased by 5%; 2 intake increased by 8% 

1.2.5 Final composition of the assessed diets 

Daily food intake at 2,000 kcal for all the assessed diets is shown in table 6 below. 
The vegetarian and vegan diets show values adjusted by 5 % and 8 % as mentioned 
at the end of section 1.2.4. These dietary intakes will later be used for the 
assessment of nutrition. 

Table 6 Daily food intake in the assessed dietary scenarios 

Food group 
Average 

Swedish diet 
New Nordic 

diet 
Vegetarian 

diet 
Vegan diet 

  
g/2000 kcal/day 

g/2000 
kcal/day 

g/2000 
kcal/day 

g/2000 
kcal/day 

meat 138,5 95,0 0,0 0,0 

milk, dairy products and eggs 264,1 264,1 293,1 0,0 

fish and seafood 52,1 47,0 0,0 0,0 

vegetable oils and added fats 21,7 21,7 21,7 21,7 

vegetables 138,5 305,0 314,6 472,0 

potatoes and potato products 144,2 144,2 78,1 88,7 

fruits and berries 177,2 248,0 384,8 498,8 

cereals and pulses 175,1 175,1 198,4 237,3 

nuts, seeds and peanuts 0,7 10,0 8,0 12,2 

plant milk, dairy substitutes 0,0 0,0 43,6 129,8 

soy products, meat substitutes 0,0 0,0 64,5 86,5 

snacks and desserts 78,0 70,0 70,0 70,0 

soft drinks and sugar 218,2 140,0 140,0 140,0 

coffee, tea, alcohol 92,1 92,1 92,1 92,1 

total 1500,6 1612,3 1708,9 1849,2 

 



21 |  

 
 

As seen in table 6, the total weight of consumed food in a diet increases with the 
proportion of fruits and vegetables, i.e. foods groups with the largest mass/calories 
ratio. Figure 1 below provides a visual comparison of the relative contributions of 
different food groups to the total weight of food. 

 

 
Figure 1 Relative composition of the diets by weight of food consumed 

 

1.3 Environmental assessment 

Environmental assessment in this project is based on the methodology of life cycle 
assessment (LCA). Life cycle assessment (LCA) is a tool for quantifying 
environmental burdens connected to the production and consumption of products, 
which has been frequently applied to foods and diets (Ridoutt, et al., 2017). The 
environmental burden can be assessed on a broad range of impact categories, from 
climate change to land occupation, water use, eutrophication, acidification, toxicity, 
and many others (Klöpffer & Grahl, 2014). A distinguishing characteristic of the 
LCA method is its life cycle perspective, meaning that the environmental burden is 
evaluated along various stages of production, from raw material extraction to 
processing, packaging, and distribution, as well as stages of consumption, from use 
of the product to its disposal and waste management (ibid). The assessment can be 
made for the entire life cycle (called ’craddle-to-grave’, where ’craddle’ refers to the 
raw materials acquisition stage and ’grave’ to the disposal or waste management 
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stage) or for a limited part of the life cycle (called ’craddle-to-gate’, where ’gate’ 
might be substituted for farm, processing plant, or a distribution point such as a 
retail centre) (ibid). Although ideally the assessment would cover the full life cycle 
this is not always possible due to limitations in data, time, or funding (Pernollet, et 
al., 2016). The objective of LCA is to inform decision makers on the stages and 
processes where the most critical environmental impacts occur, in order to develop 
effective strategies for improvement (Ridoutt, et al., 2017). 

The structure of LCA is composed of four major steps: 1. goal and scope definition, 
2. life cycle inventory analysis, 3. life cycle impact assessment, and 4. results 
interpretation. Goal and scope definition explains the objective of the assessment, 
the interest of realisation, and the intended target audience, as well as the 
comparability to other products. In the scope definition the studied product system 
is clearly described as regards its function(s) and its quantification, the functional 
unit, as well as the system boundaries which delimit what is included and excluded 
from consideration in the study. Life cycle inventory analysis refers to the 
compilation and quantification of inputs (resources used) and outputs (emissions) 
for the studied product. Finally, in the impact assessment phase the inputs and 
outputs are converted into impacts, which is done by multiplying them with a 
characterization factor for the impact category to which they may contribute. 
(Klöpffer & Grahl, 2014) 

 

1.3.1 Simplified LCA method 

Conducting a full LCA of such complex product system as diets is a resource-
demanding task. Overcoming limitations in time and data can require certain 
compromises, either in the scope or precision of the assessments (Pernollet, et al., 
2016). Restricting the system boundaries, e.g. from to farm or retail gate, carries 
the risk of omitting potentially significant impacts from downstream life cycle 
stages. Hence, ways to simplify the LCA process have been developed, such as the 
framework of Pernollet et al. (2016), which enable researchers to overcome data 
gaps and resource limitations without the need to restrict the system boundary. 
Pernollet et al. (2016) has demonstrated that a simplified method covering the 
entire life cycle can be more accurate than methods with system boundaries limited 
to farm or even retailer gate (in terms of how closely they match full LCA cradle-to-
grave results). 

The simplification offered by Pernollet et al. (2016) consists in the use of 
coefficients to account for some of the less contributing production processes, 
instead of assessing them fully. The production processes at farm are usually the 
most important in terms of contributing to the total impact and as such they cannot 
be disregarded. However, the processes of food processing, packaging, cooking, and 
transport tend to have a lesser influence on the final impact and therefore they can 
sometimes be approximated or even disregarded (though in some products they 
can be significant, e.g. in highly processed food). (ibid) 

Thus, in the simplified method the impact from cradle to farm of 1 kg of raw 
product is used as a starting point. This impact is then adjusted to account for 
weight change from processing and cooking, waste at retail and household, and the 
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impact from waste treatment. To this can then be added the impact from cooking 
and transport. (ibid) 

Röös et al. (2015) used a similar simplification in their combined environmental 
and nutritional assessment of three Swedish diets by using environmental impact 
values at retail gate taken from literature and adjusting them for retail storage and 
cooking impacts. In this degree project a similar simplification is used, by taking 
the impact at farm gate of each food product from available data and adding the 
impacts of transportation and cooking. The cooking weight change and food losses 
were accounted for in the adjustment of food intakes to farm gate supply (see 
subsection 1.3.7). 

 

1.3.2 Functional unit and system boundary 

For calculation, the functional unit in this project is a daily intake of 2,000 kcal 
worth of food, in order to compare the different diets on the basis of supplying 
adequate energy. However, the results will be shown as impact per year (i.e. by 
multiplying with *365 days) to better illustrate the difference in the impacts of the 
diets. 

The system boundary is farm-to-fork, i.e. from the food production on farm to the 
consumption at a household. Post-household waste management and treatment is 
not included in the assessment. However, food waste and losses at all stages along 
the supply chain were accounted for in order to determine the amount of food that 
needs to be produced at the farm. Figure 2 below illustrates the system boundary 
and the included life cycle stages. 

 
Figure 2 System boundary and included stages 

Due to scope and time constraints, this project is further limited by the exclusion of 
consequential effects from changes in food demand or changes in land use. 

 

1.3.3 Impact categories 

Ideally, assessment of environmental sustainability should cover a full range of 
impact categories. However, this is often challenging in practice due to limited data 
and methodology for assessing certain impacts, as well as due to the high variability 
of local production practices when it comes to food systems (Röös, et al., 2015). 
Furthermore, Röös et al. (2015) suggests, when the assessment results are to be 
presented to stakeholders they should be easy to understand, which may require a 
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degree of compromise between the simplicity of presentation and the inclusion of a 
full range of impacts. Hence, the assessed impact categories in this project were 
narrowed to four: climate change (CC), land use/occupation (LU), blue water 
footprint (BWF), and biodiversity damage potential (BDP).  

Climate change impact was chosen because it requires serious attention 
(Rockström, et al., 2009) and because it is the most frequently studied impact 
category (Aleksandrowicz, et al., 2016) which also means input data is more 
available. The impact on climate change is calculated through global warming 
potential (GWP) and measured in kg CO2-equivalents (CO2e). Land use was 
chosen as an impact because production of food accounts for a large portion of land 
use globally, as mentioned in the introduction, which will be under increasing 
pressure from the growing global population. For similar reasons it was considered 
important to assess water use. Hence, blue water footprint was used to assess the 
amount of water withdrawal necessary to produce the food in the diets.  

As regards biodiversity damage potential (BDP), it is an indicator and a method 
estimating the impact of land use on biodiversity developed by de Baan, et al. 
(2012). It is based on the difference between species richness on land used by 
humans versus natural land, across different land use types (e.g. annual crops, 
permanent crops, pastures) and different biomes (e.g. desert, temperate forest, 
shrublands) (de Baan, et al., 2012). The inputs for the BDP indicator are the area of 
land use (i.e. the amount of ha), the type of land use, biome, and the specific 
species richness (ibid). Hence, this indicator of potential damage to biodiversity is 
directly linked to land use which is assessed also as a separate impact in this 
project. However, since biodiversity loss is a major and growing environmental 
concern (de Baan, et al., 2012) and since protection of biodiversity is specifically 
mentioned in the definition of sustainable diets by FAO (FAO, 2010), the BDP 
indicator was included as a separate impact category in this project. 

 

1.3.4 Data for life cycle inventory 

1.3.4.1 CC, land use and BDP impacts of foods at farm gate 

For the most part, the farm-gate impact values for climate change, land use, and 
BDP per kg of foods were taken from data kindly provided by the authors Martin & 
Brandão who have compiled it for their previous work (Martin & Brandão, 2017). 
The LCI sources used by the authors were both primary sources, Ecoinvent and 
Agribalyse databases, as well as secondary sources, previously published peer-
reviewed LCA studies of various food products. In the data of Martin & Brandão 
(2017) several impact values are given for each food product depending on how 
they are produced (e.g. different value for conventional vs organic products, 
imported vs Swedish products). In this project organic versus conventional 
production was not considered, but the difference between the impacts of imported 
and domestic products was taken into account. Where available, both the impact 
values for imported and for domestic (Swedish) food product were used and the 
final value was recalculated based on the percentage of import of that product. 

For foods that were not found in the data of (Martin & Brandão, 2017) the values 
were taken from a study by (Röös, et al., 2015) and a report by (Röös, 2012). Both 
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of these sources included transport to retail in Sweden (i.e. the system boundary 
was set to cradle-to-retail), and hence the subsequent calculation of GWP from 
transportation in this project (described in the next subsection) was adjusted 
accordingly. 

Finally, additional literature sources were used for certain foods:  

 For processed fish, a study of canned sardines by (Almeida, et al., 2015) was 
used and the land use and BDP impacts were assumed to be the same as in 
unprocessed fish which was taken from the data of Martin & Brandao 
(2017).  

 For bananas, average values from a study of export bananas from Ecuador 
by (Iriarte, et al., 2014) were used. In this study the system boundaries 
included overseas transportation to a port in Hamburg, and hence the 
calculation of GWP from transportation was adjusted accordingly in this 
project.  

 For berries the GWP value of fresh and frozen berries from the study by 
(Wallén, et al., 2004) was used. Wallén et al. (2004) included transport to 
Swedish retail and hence in this project only the transport between retail 
and household was added. 

 GWP values for soy milk and almond milk were taken from an LCA report 
on these products by (Henderson & Unnasch, 2017). Although the 
boundaries used in the report were set to cradle to retail, the transportation 
between the stages was not included in their calculations and therefore the 
GWP from transportation was added in this project.  

 For tofu, a case study by (Mejia, et al., 2017) was used and the same GWP 
value was assumed for other meat substitutes. The land use and BDP for 
these products were then assumed the same as for soy beans.  

1.3.4.2 Blue water footprint 

Blue water is one of the components of water footprint assessment method, and it 
refers to the water taken from surface or groundwater resources that is 
incorporated into a food product or evaporated (Water Footprint Network, 2019). 
Other water footprint components are green water footprint, referring to rainwater 
that is used, and grey water footprint, referring to the amount of water necessary to 
assimilate pollution from the production of a product (ibid). These other 
components (i.e. the green and grey water) were not accounted for since the aim 
was to assess the diet-related water consumption (i.e. withdrawal from water 
resources). 

Data for blue water footprints of foot products were taken from reports on the 
water footprint of animal foods and crops by (Mekonnen & Hoekstra, 2010a) and 
(Mekonnen & Hoekstra, 2010b). Global average values were used. Additional 
source for the blue water footprint of oat and almond milk was a report by (Röös, et 
al., 2018). 

Full list of sources for the life cycle inventory is provided in the appendix. 
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1.3.5 Climate change impact from transportation 

To determine the climate impact of transportation a distance based method was 
used, with the following basic formula from (Greenhouse Gas Protocol, 2013): 

𝑘𝑔 𝐶𝑂2𝑒 𝑓𝑟𝑜𝑚 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 
=  Ʃ (𝑚𝑎𝑠𝑠 𝑜𝑓 𝑔𝑜𝑜𝑑𝑠 [𝑘𝑔]  ×  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑 [𝑘𝑚]  
×  𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑚𝑜𝑑𝑒 [𝑘𝑔 𝐶𝑂2𝑒/𝑘𝑔/𝑘𝑚]) 

 

As can be seen from the above formula, in order to calculate the GHG emissions 
from transport three things are needed: 1. the mass of goods transported (i.e. the 
food supply amounts of each food item), 2. the distance travelled by the item, and 
3. an emission factor based on the vehicle type and mode of transport.  

To estimate transport distances of different food products, Food Balance Sheets by 
FAO (2013) were used to determine the relative amount of import of each food item 
to Sweden, and to identify the two main importing countries. The two countries 
were then used to represent the total import of the particular food product. This 
was done by scaling up their relative contributions to the sum of 100 %. The 
transport distance from these importing countries to Sweden was then determined. 
For example, beef was found to be 53 % imported, and the two main importing 
countries in 2013 were Netherlands and Ireland (FAO, 2013). Thus for the 53 % it 
was assumed that Netherlands and Ireland are the only importing countries and 
the amount of import was distributed between them based on their relative import 
quantities (53 % of beef from Netherlands, 47 % from Ireland) (see table 8 further 
below). 

The transport distances were estimated using the FoodMiles.com online calculator 
(Food Miles, 2019) which estimates the travel distance between the capital cities of 
two given countries (i.e. from the importing country to Stockholm, Sweden). To 
account for the transport from farm to the capital in the producing country a 
distance of 50 or 100 km was added to the FoodMiles distance, depending on the 
size of the country. Further was added an assumed distance of 50 km by lorry to 
account for transport within Sweden from port to retail. Finally, distance of 7,81 
km was added to account for transport between retail and household, following the 
same assumption as Röös et al. (2015) (supplementary material S4).  

For domestic products the total transport distance was assumed to be 100 km by 
truck from farm to retail and 7,81 km by car from retail to household. Exceptions to 
the calculation of transport distances were the items for which the boundaries in 
the source were set to cradle-to-retail or cradle-to-grave. For the cradle-to-retail 
boundaries only the transport between household and retail was added, i.e. 24 km 
by car. For cradle-to-grave boundary no transport was added as it was already 
included in the source. A further exception was banana, for which the source 
included the shipping to a port in Hamburg, Germany. Here the transport from 
Germany to Sweden and the transport within Sweden was added. 

As an example for illustration, table 7 below shows transport distances for the 
import of beef and pork. 
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Table 7 Example of import distances for beef and pork 

Food 
% of 
food 

imported 

importing 
country 

% of 
import 

import 
quantity 

(1000 
ton) 

Food 
Miles 

distance 
(km) 

imported products 

% 
import 

by 
truck 

import 
distance 
by truck 

(km) 

distance 
farm to 
capital 
(km) 

distance 
by truck in 

Sweden 
(km) 

total 
distance 
by truck 

(km) 

total 
distance 
by ship 

(km) 

beef 53% Holland 53% 2,995 1125 100% 1125 50 50 1225 0 

    Ireland 47% 2,615 1627 20% 325 50 50 425 1302 

pork 42% Germany 58% 11,259 811 100% 811 100 50 961 0 

    Poland 42% 8,138 808 40% 323 100 50 473 485 

 

In the next step, emission factors for different modes of transport were applied to 
the calculated distances to obtain emissions per kg of transported weight. The 
emission factors (see table 8 below) were taken from the data of Martin & Brandão 
(2017), who have obtained it from Ecoinvent database v3.1 (Martin & Brandão, 
2017). The included modes of transport were freight ship and lorry. Transport by 
rail and air was not considered for simplicity reasons. 

Table 8 Emission factors to calculate GHGE from transport (Martin & Brandão, 2017) 

GLO: transport, freight, sea, transoceanic ship 1,15E-05 kg CO2e/kg-km 

RoW: transport, freight, lorry 16-32 metric ton, EURO5 1,70E-04 kg CO2e/kg-km 

 

The unit of the emission factor for freight ship and truck transport is kg CO2e per 
kilogram of product and per kilometer travelled. By multiplying this factor with the 
transport distance for each food product, the unit becomes kg CO2e per kg of food.  

To account for the transport between retail and household 76 g CO2e per kg of food 
was added as according to (Röös, et al., 2015), following the same assumption as 
the authors, i.e. that 59 % of transport is done by car and 41 % on foot or by public 
transport, and that 10 kg of food is bought per shopping occasion (Röös, et al. 
(2015), supplementary material S4). 

To illustrate, table 9 below shows an example of calculated GHGE values per kg of 
food product in the case of beef and pork.  

Table 9 Example of calculation of GHGE from the transport of beef and pork 

Food 
% of 
food 

imported 

importing 
country 

% share 
of 

import 

total 
distance 
by truck 

(km) 

total 
distance 
by ship 

(km) 

GHGE from import GHGE domestic 

GHGE from 
transport (kg 
CO2e/kg of 

food) 

Import 
truck (kg 
CO2e/kg 
of food) 

ship (kg 
CO2e/kg 
of food) 

domestic 
truck (kg 
CO2e/kg 
of food) 

7,81km by 
car (kg 

CO2e/kg 
of food) 
(Röös, et 
al., 2015) 

beef 53% Holland 53% 1225 0 0,077 0,004 0,017 0,076 0,164 

    Ireland 47% 425 1302   
   

  

pork 42% Germany 58% 961 0 0,068 0,001 0,017 0,076 0,155 

    Poland 42% 473 485   
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Finally, the calculated GHG emissions per kg of food were multiplied with the food 
supply amount in each of the diets to obtain the final transport-related GHGE. For 
instance, in the ASD the supply of beef was 65,7 g/day, or 0,0657 kg/day. Hence 
the final GHGE from transport of beef in the ASD was 0,164 (kg CO2e/kg) × 0,0657 
(kg/day) = 0,0108 kg CO2e/day. 

 

1.3.6 Climate change impact from cooking 

GWP values for cooking were taken from supplementary material provided along 
the study by Röös et al. (2015). There the authors approximated the energy use of 
cooking various food products from figures available in literature and calculated 
the GWP impact using the Nordic electricity mix from Ecoinvent database v2.2. In 
the supplementary material a table is presented with GWP values for cooking of 
different foods. For some foods a range of GWP was given, and in this case an 
average value was taken. 

 

1.3.7 Sustainable boundaries for the impacts 

In order to be able to judge whether the assessed impacts are actually large or small 
sustainable boundary was defined for each impact category to serve as a point of 
reference. The sustainable levels were set according to the report on Swedish 
environmental performance on planetary boundaries by Nykvist et al. (2013). The 
report draws on the concept of planetary boundaries, as defined by Rockström, et 
al. (2009), which set a global sustainability threshold for nine environmental areas 
of concern. In the report, Nykvist et al. (2013) attempted to scale these planetary 
boundaries to the national level of Sweden, providing Swedish national boundary 
values. These Swedish boundaries were used in this project, converted to per capita 
values by dividing them with the current Swedish population (see table 10 below). 
Since the boundaries apply to all production and consumption activities and not 
only to food, it was assumed that food could use 50 % of the allowed GHG 
emissions (i.e. 50 % of 1,76 ton CO2e/cap/yr = 0,88 tons CO2e). For blue water 
footprint 30 % of the allowed freshwater use was assumed as the sustainable level. 
For land use 100 % was assumed for food production since agricultural land 
availability in Sweden is higher than the boundary (0,32 ha) according to (Röös, et 
al., 2015). For biodiversity damage potential no usable reference to set the 
sustainable boundary was found. Although Rockström et al. (2009) recommends a 
planetary boundary of 10 E/MSY (extinctions per million species and year) it is not 
clear how to relate this to the biodiversity damage potential. Hence, no sustainable 
boundary was set for BDP. 
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Table 10 Sustainable boundaries for the assessed impacts 

Impact 
Sustainable boundary for 
Sweden (Nykvist, et al., 

2013) 

Sustainable boundary per 
capita for all production1 

Sustainable boundary per 
capita for food production 

GHG emissions 18 Mt CO2/yr 1,76 t CO2e/yr 0,88 t CO2e/yr2 

Land occupation 2,7 Mha/yr 0,2633 ha/yr  0,2633 ha/yr 

Freshwater use 5,5 km3/yr 536 m3/yr 161 m3/yr3 

Biodiversity loss 10 E/MSY - - 

Notes: 1 Assuming Swedish population at 10 255 102 people, as of March 2019 (Statistics Sweden, 
2019); 2 50 % of the total value for Sweden (50 % * 1,76 = 0,88 ton CO2e); 3 30 % of the total value 
(30 % * 536 = 161 m3/yr) 

 

1.3.8 Adjusting food intake for cooking losses and food waste 

In order to calculate the environmental impact of diets the amount of food needed 
to supply the daily intake (i.e. the food supply) must be known. The amount of food 
supply differs from food intake due to food waste and losses along the supply chain, 
as well as due to the weight change from cooking. Since the dietary surveys 
presumably record food intake as consumed (cooked) the intakes need to be 
adjusted to account for the weight changes. The cooking weight change is 
particularly significant in grains and pulses which gain weight considerably during 
cooking (Bognár, 2002).  

The cooking weight change was estimated from tables on weight yield of food by 
Bognár (2002). Values for meat substitutes were missing, these were approximated 
from values for regular meat. Some food groups were assumed to be eaten 
uncooked, e.g. vegetable oils, some vegetables such as lettuce or tomato, as well as 
fruits, nuts, milk, dairy substitutes, snacks and desserts, and soft drinks. 
Percantages for food waste and food loss at production, retail, and household 
stages were taken from Martin, et al. (2016) (table 11). Waste values for dairy 
substitutes were used depending on the primary ingredient: for soy milk the 
primary ingredient is soy beans (assumed the same waste value as for pulses), for 
almond milk it is almonds (assumed same waste value as for nuts), and for oat milk 
it is oats (assumed same waste value as for cereals). For meat substitutes, values for 
soy beans were used since it was presumed most of these products, such as tofu, 
tempeh, etc., are soy-based. 
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Table 11 Cooking losses and food waste and loss along supply chain 

Food group 
Cooking 

loss/gain1 

Food waste 
and loss 

meat 25-40% 24,0% 

milk, dairy products and eggs 0-10% 16,5% 

fish and seafood 20% 35,0% 

vegetable oils and added fats 0% 23,5% 

vegetables 0-17% 55,0% 

potatoes and potato products 0% 62,0% 

fruits and berries 0% 55,0% 

cereals and pulses 0-(+)300%2 43,0% 

nuts, seeds and peanuts 0% 20,0% 

plant milk and dairy substitutes 0% 20-43%3 

soy products & meat substitutes4 20-30% 20,0% 

snacks and desserts 0% 23,5% 

soft drinks and sugar 0% 23,5% 

other foods and alcohol 0% 23,5% 

Note: 1 – positive values imply weight loss during cooking; 2 – weight increases during cooking; 3 – 
20% for soy and almond milk, 43% for oat milk; 4 – values approximated from regular meat; 

The obtained food supply at farm-gate, i.e. the intakes of diets after the adjustment 
for cooking and food losses, are shown in table 12. These values were used to 
calculate the environmental impacts. 

Table 12 Food supply for the four assessed dietary scenarios 

Food group 

Average 
Swede 

New Nordic Vegetarian Vegan 

g/2000 
kcal/day 

g/2000 
kcal/day 

g/2000 
kcal/day 

g/2000 
kcal/day 

meat 214,6 147,3 0,0 0,0 

milk, dairy products and eggs 310,2 310,2 344,3 0,0 

fish and seafood 80,7 72,9 0,0 0,0 

vegetable oils and added fats 26,8 26,8 26,8 26,8 

vegetables 222,1 490,6 478,8 718,4 

potatoes and potato products 233,6 233,6 126,5 143,7 

fruits and berries 274,7 384,4 596,5 773,1 

cereals and pulses 244,1 215,5 279,3 330,7 

nuts, seeds and peanuts 0,9 12,0 9,5 14,6 

plant milk, dairy substitutes 0,0 0,0 52,3 155,8 

soy products, meat substitutes 0,0 0,0 74,8 100,3 

snacks and desserts 96,3 86,5 86,4 86,4 

soft drinks and sugar 269,5 172,9 172,9 172,9 

other foods and alcohol 113,8 113,8 113,8 113,8 

total 2087,5 2266,4 2361,9 2636,6 
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1.4 Nutritional assessment 

1.4.1 Incorporating nutrition into LCA 

Numerous researchers explored possible ways of incorporating nutritional aspects 
into food-based LCAs (e.g. (Heller, et al., 2013) (Röös, et al., 2015) (van Dooren, 
2016) (Drewnowski, et al., 2015)). In their review of these efforts, Heller, et al. 
(2013) distinguish three basic approaches to evaluating nutritional quality of diets 
and foods: 1. on the basis of various diet quality indices, 2. deriving from 
epidemiologic studies, and 3. by nutrient profiling (Heller, et al., 2013). 

Nutrient quality indices are typically based on certain nutrition recommendations 
or guidelines, such as the Healthy Eating Index (HEI) deriving from the US Dietary 
Guidelines, or on a dietary pattern that is considered healthy, such as the 
Mediterranean Diet Score (MDS). The scores quantify relative adherence of the 
studied diet to the healthy dietary reference, i.e. the Mediterranean diet or the US 
health guidelines. Alternative approaches focus on quantifying directly the 
proportion of foods and nutrients that are associated with chronic disease risk, 
such as the Alternative Healthy Eating Index (AHEI). Compared to the HEI and 
MDS, this alternative approach has shown better correlation with actual health 
outcomes, such as risk of chronic heart disease, coronary heart disease, and 
diabetes. (Heller, et al., 2013) However, these indexes might not be optimal to use 
in this study since they are based on the US guidelines or the Mediterranean diet 
which are not relevant to the geographical setting of this project. 

The epidemiologic studies approach directly links groups of foods to impacts on 
human health. For instance the Global Burden of Disease 2010 framework 
recognizes 14 dietary risk factors with the largest contribution to the US burden of 
disease: diets low in fruits, vegetables, nuts and seeds, milk, fish, fiber, calcium, 
and unsaturated fats, and diets high in red meat, processed meat, sugary beverages, 
trans-fats, and sodium (Heller, et al., 2013). This approach has been demonstrated 
in a study by Stylianou, et al. (2016). Here the authors combined environmental 
and health evaluation of milk consumption and developed a framework for such 
evaluations, CONE-LCA (‘Combined Nutritional and Environmental LCA’) 
(Stylianou, et al., 2016). In this framework nutrition is assessed in parallel to 
environmental impacts using epidemiological studies to relate foods to their 
reported health effects expressed in DALY units. For instance, the authors found 
fluid milk to be linked to a reduced risk of colorectal cancer, and this was estimated 
to avoid 1,146,830 DALY units in US burden of disease (ibid). Where no such direct 
correlations for foods are available, the health effect is derived from quantifying the 
individual nutrients (e.g. vitamin A and C, protein, calcium, sodium) to which 
epidemiological data can be assigned. The nutrient composition of foods can be 
obtained from standard nutrient databases. (Stylianou, et al., 2016)  

The CONE-LCA approach sidesteps the pitfall of nutrition-based functional unit 
definition while still allowing for nutritional comparison between diets. However, 
difficulties might arise in finding the epidemiological data for a wide array of foods 
which constitute an entire diet. 

Lastly, the nutrient profiling approach works on a similar basis to the nutrient 
quality indices. Instead of quantifying the adherence to a dietary pattern this 
method assigns a score to foods based on their composition of nutrients associated 
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with health outcomes. The indexes differ in their algorithms and included 
nutrients, but typically they calculate percentages of recommended daily intakes for 
various nutrients with some nutrients having a negative impact on the score (i.e. 
nutrients to limit, e.g. saturated fat, added sugar and salt) and some having a 
positive impact (i.e. nutrients to encourage, e.g. fiber, various vitamins and 
minerals, unsaturated fat). Example indexes are the Nutrient Rich Foods index 
(NRF), the Overall Nutritional Quality Index, or the Weighted Nutrient Density 
Score. (ibid) Below is an illustrative algorithm of the Nutrient Rich Foods index 
(Fulgoni III, et al., 2009): 

 

 𝑁𝑅𝐹 = ∑
𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑡𝑜 𝑒𝑛𝑐𝑜𝑢𝑟𝑎𝑔𝑒

𝑅𝐷𝐴
× 100 − ∑

𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑡𝑜 𝑙𝑖𝑚𝑖𝑡

𝑀𝑅𝑉
× 100 

 

Where RDA is the recommended daily amount and MRV is the maximum 
recommended value. The nutrients to encourage and nutrients to limit differ 
among various indexes but the basic algorithm remains. For example in NRF9.3, a 
revised version of the NRF index, the nutrients to encourage are protein, fiber, 
vitamins A, C, E, calcium, iron, magnesium, and potassium, and the nutrients to 
limit are saturated fat, added sugar, and sodium (in total 9 nutrients to encourage 
and 3 nutrients to limit, hence the 9.3 in the name NRF9.3). (ibid).  

As the name suggests, the Nutrient Rich Foods index was intended for the 
evaluation of individual foods. Building on these, indexes for entire diets were 
developed, such as the Nutrient-Rich Diets 9.3 index (NRD9.3) with a similar 
algorithm to the NRF9.3 (Van Kernebeek, et al., 2013). When used in life cycle 
assessment this index can then function as a normalization factor to compare the 
impacts on the basis of nutrition quality. 

Among the challenges of this nutrient indexing approach is choosing which 
nutrients to include and setting the recommended and maximum intake values 
which may differ among countries (Röös, et al., 2015). The NRF9.3 and NRD9.3 
reflect nutrients found to be problematic in the US population, whereas in other 
countries different or additional nutrients may be required, e.g. vitamin D and 
folate which are typically inadequate in the Swedish population or phosphorus 
which is often in excess (ibid). Röös et al. (2015) accounted for this in their 
assessment of diets in Sweden by extending the NRD9.3 index to cover the 
nutrients important to the Swedish context, creating the NRD11.4 index (adding 
vit. D and folate as two more nutrients to encourage, and phosphorus as the fourth 
nutrient to limit). Following the example of Röös et al. (2015), in this project 
vitamin B12 and zinc were further added as nutrients to encourage because of their 
relevance to vegetarian and vegan diets which are often found lacking in these 
nutrients (Larsson & Johansson, 2002) (Waldmann, et al., 2003). The resulting 
score NRD13.4, as used in this project, thus contains the following nutrients to 
encourage: protein, fiber, vit. A, C, E, D, B12, folate, calcium, iron, zinc, 
magnesium, and potassium (13 in total), and the nutrients to limit are: saturated 
fat, added sugar, sodium, phosphorus (4 in total). 
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1.4.2 Combined environmental and nutritional assessment 

Figure 3 below illustrates the process of combined environmental and nutritional 
assessment of a diet as proposed by Röös, et al. (2015). The two assessments run in 
parallel in the phase of data collection and analysis, resulting in a quantification of 
environmental impacts and a nutrient density score of the diet. These two results 
are then combined, whereby the nutrient density score acts as a normalization 
factor for the environmental impacts, resulting in the final score: environmental 
impact per nutrient density of the diet. 

 
Figure 3 Combined environmental and nutritional assessment method (adapted from (Röös, et al., 2015)) 

The process of the nutritional assessment starts from the quantities of foods as 
eaten by an individual. In order to assess the nutrient content of diets, a greater 
level of detail was required for some food groups, e.g. grains, due to differences in 
nutrient contents of refined and whole grains. Therefore the intake of grains was 
distributed between refined and whole grains. 

Nutritional content of foods was taken from the official Swedish food composition 
database of the Swedish National Food Agency (Livsmedelsverket, 2019). The 
database provides nutrient content per 100 grams of over 2,000 mostly Swedish 
foods. Representative foods for each food group were taken from the database that 
have a similar caloric value to the caloric value of food groups from the statistics on 
Swedish food consumption (Jordbruksverket, 2017). For example, in the 
consumption statistics the meat group has an average caloric value of 171 
kcal/100g, and thus the following meats were chosen from the food database: beef 
brisket, raw (205 kcal/100g); pork meat cubed for casserole or stew, raw (164 kcal); 
chicken breast with skin, raw (148 kcal); giving an average of 172 kcal/100g. Due to 
the variance of consumed foods some diets resulted in a slightly lower or higher 
caloric intake, but this was kept within a small range of 2,000 ± 20 kcal.  

The relevant nutrients (i.e. those needed for the NRD13.4 score) were then 
summed up for each diet, after which the Nutrient Rich Diet score was calculated 
using the following equation: 

𝑁𝑅𝐷13.4 = ∑
𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑡𝑜 𝑒𝑛𝑐𝑜𝑢𝑟𝑎𝑔𝑒i

𝑅𝐷𝐴i
× 100 − ∑

𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑡𝑜 𝑙𝑖𝑚𝑖𝑡j

𝑀𝑅𝑉j
× 100

𝑗=𝑦

𝑗

𝑖=𝑥

𝑖
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Where the nutrients to encourage, as discussed previously, are protein, fiber, vit. A, 
C, E, D, B12, folate, calcium, iron, zinc, magnesium, potassium, and nutrients to 
limit are saturated fat, added sugar, sodium, phosphorus, RDAi is the 
recommended daily allowance for a nutrient to encourage i, and MRVj is the 
maximum recommended value for a nutrient to limit j.  

1.4.3 Recommended intake of nutrients 

The recommended intake values were taken from the Nordic Nutrition 
Recommendations 2012 (Nordic Council of Ministers, 2014). The Nordic Nutrition 
Recommendations (NNR) are joined dietary guidelines of Denmark, Sweden, 
Norway, and Finland, devised to inform individual dietary choices for optimal 
nutrient intake. Similarly to the New Nordic diet the guidelines promote the 
consumption of vegetables, pulses, fruits and berries, nuts and seeds, whole grains, 
fish and seafood, and replacing animal fats with vegetable oils, while demoting the 
consumption of red meat and sugary foods and beverages (ibid). The guidelines set 
targets and Recommended Intake (RI) values for macronutrients and essential 
micronutrients, with a special emphasis on the nutrients particularly important for 
the Nordic region, such as vitamin D.  

Different values are recommended for males and females as well as for different 
age groups. Hence, the values were averaged between sexes and the age group 31 – 
60 was chosen as representative of the median age of the Swedish population, 
which was 40,6 years in the year 2018 (Statistics Sweden, 2018). The 
recommended intakes of nutrients are shown in table 13. 

Table 13 Nutrient RI values (Nordic Council of Ministers, 2014) 

  

nutrient 

NNR 

  
RDA (MRV)1 

per MJ 
RDA/MRV 

n
u

tr
ie

n
ts

 t
o

 e
n

co
u

ra
ge

 

protein (g)2 10-15%E 62,5 

fiber (g)3 25-30g 27,5 

vit. A (RE) 80 669,4 

vit. C (mg) 8 66,9 

vit. E (mg) 0,9 7,5 

vit. D (μg) 1,4 11,7 

vit. B12 (μg)4 0,2 1,7 

folate (μg) 45 376,6 

calcium (mg) 100 836,8 

iron (mg) 1,6 13,4/16,85 

zinc (mg) 1,2 10,0/12,56 

magnesium (mg) 32 267,8 

potassium (mg) 350 2928,8 

to
 li

m
it

 saturated fat (g)7 10%E 22,0 

added sugar (g)8 10%E 50,0 

sodium (mg)9 200 1673,6 

phosphorus (mg)10 80 600,0 
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Notes: 1 RDA (recommended daily allowance) for nutrients to encourage, MRV (maximum 
recommended value) for nutrients to limit; 2 RI 10-15%E, taken average; 3 RI 25-30 g/d, taken 
average; 4 often deficient in vegans; 5 Higher value was taken for VGT and vegans. RI was increased 
by 25% due to lower bioavailability of non-heme iron; 6 Similarly to 5, higher value was taken for 
vegetarians and vegans, RI 25-30% higher; 7 & 8 RI <10%E; 9 RI 0,5 g of salt/MJ = 0,2 g sodium/MJ 
( 1 g salt = 0,4 g sodium); 10 often too high from high intake of meat 

 

1.4.4 Normalization of the environmental impacts 

The calculated NRD scores of diets were used as a normalization factor which 
served to compare the environmental impacts with relation to their nutritional 
density. To normalize, the total environmental impacts of diets were divided by 
their NRD score. The sustainable boundary was similarly normalized in order to 
see the change when nutritional adequacy is considered. The boundary was 
normalized by a calculated ‘minimal sustainable NRD score’ which was assumed to 
be a hypothetical NRD score where all nutrients are supplied at their respective 
RDA/MRV level, i.e. all the 13 advantageous nutrients are at 100 % of their 
recommended intake and all the disqualifying nutrients are at 100 % of their 
maximum limit. Hence the minimal sustainable NRD score is a lenient score of a 
hypothetical diet which would supply minimum recommended levels of beneficial 
nutrients and maximum recommended levels of “bad” nutrients. This resulted in 
NRD score = 900 which is the lowest value of all the diets. 

 

1.5 Assessment of financial cost 

Financial cost of diets is used in this project as a proxy for affordability, partly 
accounting for the economic aspect of sustainability. To assess the cost of diets 
average food prices at the point of retail, i.e. as paid by consumers, are needed. 
Official statistical information of this kind, however, is usually not available which 
slightly complicates the matter and requires finding alternative sources for the 
price data. In their review of sustainability assessment studies, Perignon et al. 
(2016) found two studies that included diet cost in their evaluations: one by 
Masset, et al. (2014), which took food prices from Kantar World panel database, 
and the other by Monsivais, et al. (2015), which took the prices from 
MySupermarket.com, a website which compares food prices in different 
supermarkets across the UK (Perignon, et al., 2016).  

Borrowing the idea of Mansivais et al. (2015), in this project the food prices were 
obtained from online shopping sections of websites of four major Swedish 
supermarkets: ICA, Hemköp, Coop, and Willys (ICA Sverige AB, 2019) 
(Hemköpskedjan AB, 2019) (Coop Sverige AB, 2019) (Willys, 2019). On these 
websites the individual food items according to the diet content were searched and 
their price per kilogram was taken. The cost of equivalent food items from the four 
supermarkets was averaged to provide a representative price, since the 
supermarkets sell similar products at varying prices due to their different target 
consumer groups. As much as this was possible, the same food item, product 
brand, and package size was taken from the four supermarkets. In cases when the 
same item was not found in all supermarkets the closest similar food product was 
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taken, e.g. mango instead of peach. Prices of meat in different supermarkets are 
given in table 14 below as an example. Values are in Swedish currency, i.e. Swedish 
crowns (SEK). Complete table is provided in the appendix. 

Table 14 Example of supermarket prices for meat 

Food 
product 

  Supermarket price 

Name at supermarket 
ICA 

(SEK/kg) 
Coop 

(SEK/kg) 
Hemköp 
(SEK/kg) 

Willys 
(SEK/kg) 

price 
average 
(SEK/kg) 

beef lövbiff 450-475g 175,0 229,0 179,0 172,0 188,8 

pork  fläsk kotlett benfri 500-640g 97,9 99,0 99,0 91,9 97,0 

chicken kycklingfilé 300g 155,0 149,0 139,0 139,0 145,5 

Finally, total cost of the diets was then calculated based on the average 
supermarket prices of the included food items, and expressed as diet cost per day, 
month, and year. 

1.6 Limitations and uncertainties 

Assessments of environmental impact are burdened with various uncertainties, due 
to the difficulty of measuring various impacts, due to the complexity of human-
environment interactions and influences, due to limited data which requires 
making various assumptions to base the assessment on, as well as due to subjective 
value judgements which are inherent in many choices within the assessment 
(Notarnicola, et al., 2016). When the scope of the assessment is expanded to cover 
other dimensions of sustainability, such as the social and economic, the 
uncertainties are only increased. Hence the results of such assessments ought to be 
received critically and in context of the assumptions and value judgements made by 
the authors. 

In this project, several sources of uncertainties can be pointed out. Among the 
major ones are:  

 assumptions made in modelling of diets 

 limited LCI data and the consequent use of proxies instead of missing items 
and global/regional averages instead of values specific to Sweden 

 assumptions made in the modelling of transport and the calculation of GWP 
from transportation 

 uncertainty in the assessment of biodiversity impact which is inherently 
difficult to assess 

 uncertainty in the use of blue water footprint to account for water use, which 
does not account for the water used in downstream processes of distribution 
and consumption 

 exclusion of indirect effects and consequences from dietary changes, e.g. 
market price changes due to changes in demand for different foods 

 exclusion of indirect land use changes and waste management from the 
environmental impact assessment 

 assumptions made in setting sustainable boundaries 

 representativeness of the food items chosen for the nutritional and financial 
cost assessment 
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Results 

1.7 Environmental impact 

Table 15 below shows the calculated environmental impacts of the diets before 
normalization, along with the assumed sustainable levels. 

Table 15 Total environmental impacts of the diets 

Diet 
CC (ton 

CO2e/yr/cap) 

CC relative 
to 

boundary 

LU 
(m2/yr/cap) 

LU 
relative to 
boundary 

BWF 
(m3/yr/cap) 

BWF 
relative to 
boundary 

BDP 
(BDP/yr/cap) 

Average Swedish 1,81 207% 2919 111% 161 100% 0,27 

New Nordic 1,66 189% 2416 92% 141 88% 0,22 

Vegetarian 1,09 125% 1626 62% 135 84% 0,13 

Vegan 0,99 113% 1388 53% 140 87% 0,13 

Sustainable level 0,88 100% 2633 100% 161 100% - 

 

Figures 4 and 5 below show a visual comparison of the impacts. The green dashed 
lines mark the sustainable level.  

 
Figure 4 Climate change and land use impacts of the diets before normalization 
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Figure 5 Blue water footprint and BDP of the diets before normalization 

1.7.1 Climate change 

For all diets the climate impact exceeded the sustainable boundary. The ASD 
performed the worst, producing twice the sustainable level of CO2 emissions (1,81 
tons CO2e/year/capita). The vegan diet fared the best, crossing the sustainable 
threshold only slightly (0,99 tons CO2e/year). The New Nordic diet showed a 9 % 
reduction from the ASD (1,66 tons CO2e/yr) while the vegetarian diet reduced the 
emissions by 40 % (1,09 tons CO2e/yr) and the vegan diet by 45 %. A clear trend of 
reduced emission levels when moving toward greater elimination of animal foods 
can be recognized, resonating with the findings of past studies (Aleksandrowicz, et 
al., 2016) (Hallström, et al., 2015). 

1.7.2 Land use 

In land use the sustainable boundary was exceeded only by the ASD and not by the 
other diets. Compared with the over 2919 m2/year/capita land use of the ASD, the 
NND showed a 17% reduction (2416 m2/yr), the vegetarian diet a 44 % reduction 
(1626 m2/yr), and the vegan diet a 52 % reduction (1388 m2/yr). Similar trend to 
the climate impact is recognizable, where the land occupation decreases with the 
elimination of animal foods. 

1.7.3 Blue water footprint 

Blue water footprint was within the sustainable level in all the diets, though the 
ASD was right at the limit. The ASD performed the worst and the vegetarian diet 
performed the best, while there were only small differences between the three 
alternative diets. The footprint of the New Nordic and the vegan diet was found 
practically the same. Compared to the ASD the alternative diets show a 12 – 16 % 
blue water footprint reduction.  

However, there is an uncertainty in the sustainable water footprint boundary since 
the amount of water available depends on local water conditions and availability, 
and since the assumed 30 % might not be an accurate assumption. Also, the blue 
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water footprint does not account for all the water used along the supply chain but 
only for the agricultural stage of production. Nevertheless this impact is able to 
show the relative differences in blue water withdrawal between the diets.  

1.7.4 Biodiversity damage potential 

Potential damage to biodiversity (BDP) showed a pattern similar to the climate 
change and land use impacts (which can be expected since the method estimates 
BDP based on land use). The ASD resulted in the highest damage which was 
reduced by almost 20 % in the NND and over 50 % in both the vegetarian and the 
vegan diets. No sustainability threshold was set and therefore it is difficult to judge 
whether the impact is large or small. Furthermore, a high degree of uncertainty is 
to be noted in the calculation of the BDP since the impact on biodiversity is difficult 
to assess. 

1.7.5 Contribution of food groups to the total impacts 

Figure 6 below shows relative contributions of different food categories to the total 
impacts of the diets.  

 
Figure 6 Contribution of food groups to the total impacts of the diets 

As can be seen from figure 6, in the ASD and NND the largest contributor to 
climate change is meat, accounting for 50 % of GHG emissions in the ASD and 37 % 
in the NND. Dairy and eggs group is the second largest contributor, accounting for 
about 18 % of the GHGE in both the ASD and NND. Dairy also accounts for over 30 
% of the GHGE of the vegetarian diet, where vegetables are the second most 



40 |  

 
 

contributing food group (accounting for over 20 %), and fruits the third (14 %). In 
the vegan diet majority (55 %) of the GHG emissions come from fruits and 
vegetables (excluding potatoes), while 14 % come from meat and dairy substitutes. 
Hence, as regards climate change, figure 6 shows that meat, dairy and eggs, fruits, 
and vegetables are the food groups that largely determine the total GHGE of a diet, 
whereas the other food groups are only minor contributors.  

Similarly to the climate change impact, meat is a major land user in the ASD and 
NND, accounting for 51 % and 42 % of the total land use respectively. Dairy is 
another large contributor and so is the snacks and desserts food group, which 
becomes the largest land user in the vegetarian and vegan diets. The extensive land 
use of this food group is caused primarily by the land use of cocoa in chocolate 
production. However, the intake of chocolate might be exaggerated since it was 
used as one of only three proxy representatives of the snacks and desserts group, 
and hence the large land use of this food group might be an overexaggeration.  

As for blue water footprint, sugar and soft drinks was found the most impactful 
group. This is mainly due to the footprint of sugar which was used as a proxy for 
the whole food group, which again might somewhat exaggerate the impact. Other 
significant blue water users are cereals and pulses, accounting for 20 – 27 % of the 
BWF of the diets, fruits which account for about 20 % of the BWF in the vegetarian 
and vegan diet, as well as meat and dairy which together account for 32 % of the 
footprint of the ASD and 29 % of the NND. 

In biodiversity damage potential the three largest contributors are meat (60 % of 
the BDP of the ASD and 50 % of the NND), dairy, cereals and pulses, and snacks 
and desserts (again largely due to chocolate).  
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1.8 Nutritional adequacy 

The assessed nutrient content of the four diets is shown in table 16 below. Red 
values indicate an intake bellow (for the nutrients to encourage) or above (for the 
nutrients to limit) the recommended levels. Underlined values indicate an intake 
below 50% or above 200% of the recommended level for nutrients to encourage 
and nutrients to limit, respectively. For the lacking nutrients, supplementation 
might be necessary for some in the long term to avoid deficiencies and potential 
health detriments. In particular, the intake of vitamin D was found inadequate in 
vegetarian diets, along with vitamin B12 in the vegan diet, and this was despite the 
use of fortified dairy and plant-based dairy substitutes in the assessment. 

Table 16 Nutrient content of the assessed diets 

  

nutrient 

NNR Nutrient content of diets 

  RDA/MRV ASD NND VGT Vegan 

n
u

tr
ie

n
ts

 t
o

 e
n

co
u

ra
ge

 

protein (g) 62,5 78,2 76,2 59,2 48,3 

fiber (g) 27,5 15,8 25,5 28,2 38,3 

vit. A (RE) 669,4 699,1 930,8 927,5 996,2 

vit. C (mg) 66,9 91,4 134,7 146,5 194,2 

vit. E (mg) 7,5 9,8 12,8 16,1 17,9 

vit. D (μg) 11,7 10,6 9,0 4,2 2,3 

vit. B12 (μg) 1,7 7,7 6,8 2,6 0,5 

folate (μg) 376,6 246,1 426,2 426,4 521,7 

calcium (mg) 836,8 783,9 837,0 955,9 529,3 

iron (mg) 13,4/16,81 8,0 10,7 9,4 12,0 

zinc (mg) 10,0/12,52 10,0 10,1 7,8 6,8 

magnesium (mg) 267,8 261,5 337,3 347,0 411,9 

potassium (mg) 2928,8 2724,8 3291,0 3087,0 3579,8 

to
 li

m
it

 saturated fat (g) 22,0 34,4 31,0 27,7 16,5 

added sugar (g) 50,03 65,0 52,7 49,9 52,4 

sodium (mg) 1673,6 1355,8 1123,2 1185,8 1038,3 

phosphorus (mg) 600,0 1309,3 1376,2 1222,9 982,1 

Notes: 1 non-heme iron (mostly from plant foods) is less bioavailable, therefore for vegetarians and 
vegans the RI value was increased by 25%; 2 similarly to 1, the higher value applies to vegetarians 
and vegans; 3 only total sugar is given in livsmedels database, which includes sugar from e.g. fruit 
and vegetables. Therefore only the sugar content from soft drinks, snacks and desserts, dairy 
substitutes, and pickled herring was counted as added sugar. 

The ASD was clearly the worst performing diet as regards the supply of nutrients, 
being insufficient in over a half of the encouraged nutrients and at the same time 
overabundant in most of the disqualifying nutrients. Of all the diets the NND 
supplied sufficient levels in most of the positive nutrients, lacking only in iron, vit. 
D, and fiber (though if the RDA was set at the lower boundary of 25 g the intake 
would suffice). As regards disqualifying nutrients the NND fared better, with the 
exception of phosphorus, than the ASD but worse than the vegetarian and vegan 
diet. The vegetarian diet showed a borderline intake of protein (though if the 
minimum was set at 10 % of energy, i.e. 50 grams, the intake would be sufficient), 
and insufficient intakes of vit. D (less than 50 % of the recommended intake), iron, 
and zinc. As for disqualifying nutrients, saturated fat was above the limit due to the 
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high proportion of fat coming from dairy, and so was phosphorus. On the positive 
side, the vegetarian was the only diet that did not exceed the limit on added sugar, 
though only barely. Finally the vegan diet, although on one hand showing 
insufficient levels of six nutrients (protein, vit. D, B12, calcium, iron, zinc), on the 
other hand supplied the highest levels of the several positive nutrients (fiber, vit. A, 
C, E, folate, Mg and K) compared to the other diets. As for the disqualifying 
nutrients, the vegan diet slightly exceeded the limit for added sugar (the difference 
from the vegetarian diet is due to the increased intake of dairy substitutes which 
contain added sugar), but it was also the only diet with saturated fat intake below 
the MRV.  

Figure 7 below shows the nutrient intakes of the diets normalized to the RDA/MRV 
values (marked by the horizontal dotted line). 

 

Figure 7 Normalized intakes of nutrients across the diets. Dotted line marks the RDA/MRV values. 

In the next step, the nutrient density score for each diet was calculated. The scores 
are shown in table 17 below. 

Table 17 Calculated NRD scores of the assessed diets 

Diet: ASD NND VGT Vegan 

NRD13.4 score 1029,6 1297,6 1040,6 1141,1 

 

Unsurprisingly, of the four diets the average Swedish diet resulted in the lowest 
nutrient density score. This is due to its bad overall nutritional profile as previously 
discussed. Perhaps more surprisingly, the vegetarian diet resulted in the second 
lowest score by only a small margin. Vegan diet resulted in the second best score. 
This is mainly due to the high levels (relative to the RDA) of the positive nutrients it 
supplies which overpowers the lack of the few specific nutrients. The New Nordic 
diet emerged with the highest nutrient density score. Though relatively similar to 
the nutritional profile of the vegetarian diet, it supplies higher levels of the 
nutrients typically problematic in the vegetarian diets (vit. B12 and D, iron, zinc). 
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1.9 Environmental impacts normalized with NRD score 

To see how the diets compare when nutrition is taken into account, the 
environmental impacts of each diet were normalized by their respective NRD 
scores calculated previously. The normalized values are shown in table 18 below, 
along with the normalized sustainable boundaries.  

Table 18 Environmental impact of the diets normalized with their NRD score 

Diet 
CC per 

NRD score 
(-) 

CC relative 
to 

boundary 

LU per 
NRD score 

(-) 

LU  
relative to 
boundary 

BWF per 
NRD score 

(-) 

BWF 
relative to 
boundary 

BDP per 
NRD score 

(-) 

Average Swedish 1,76 181% 2,84 97% 0,16 87% 2,66E-04 

New Nordic 1,28 131% 1,86 64% 0,11 61% 1,71E-04 

Vegetarian 1,05 108% 1,56 53% 0,13 73% 1,28E-04 

Vegan 0,87 89% 1,22 42% 0,12 69% 1,13E-04 

Sustainable level 0,98 100% 2,93 100% 0,18 100%  - 

 

As can be seen from table 18, the normalization with nutritional density reduced 
the relative differences between the New Nordic diet (i.e. the diet with the highest 
NRD score) and the vegetarian diets. The normalized sustainable boundaries were 
also raised relative to the impacts. The vegan diet now shows CC impact 11 % below 
the boundary (compared to 13 % over the boundary before normalization), while 
the vegetarian diet crossed the boundary by 8 % (compared to 25 % before). The 
NND now crosses the boundary by 31 % (compared to 89 % before normalization) 
and the ASD by 81 % (compared with 107 % before). In land use all diets are now 
below the threshold. The ASD still uses the most land and the vegan diet the least, 
with 10 % differences between the vegan, vegetarian, and New Nordic diets. Change 
has occurred in the blue water footprint, where the normalized impact of the NND 
is now lower than of the vegetarian and vegan diet. All diets remained below the 
sustainable threshold of the blue water footprint.  

Figures 8 – 9 below show a visual comparison of the diets’ impacts relative to the 
sustainable levels (with the boundaries representing 100 % of the impact).  



44 |  

 
 

 
Figure 8 CC and LU impacts normalized with the NRD score 

 

Figure 9 Blue water footprint and BDP impacts normalized with the NRD score 
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1.10 Financial cost 

Calculated total costs of the diets are shown in table 19 below. The average Swedish 
diet was used as a baseline reference for relative comparison between the diets, i.e. 
equating to 100 % of the relative cost. 

Table 19 Comparison of the cost of diets 

Diet: ASD NND VGT Vegan 

Total cost (SEK/day): 75,5 76,3 67,1 76,0 

Total cost (SEK/year): 27545 27859 24497 27751 

Relative difference: 100% 101% 89% 101% 

 

Practically no differences in cost were found between the average Swedish, New 
Nordic, and vegan diets. The only appreciable change was in the vegetarian diet, an 
11% lower cost compared to the average Swedish diet. This was mainly due to the 
missing expenses from meat and fish which together accounted for 28 and 38 % in 
the NND and ASD respectively. Compared to the vegan diet the vegetarian diet 
contains less fruit and vegetables which for both diets form the largest group of 
expenses (40 % of the cost of vegetarian and 50 % of vegan diet). 

Generally it can be said that the cost of a diet is increased by a higher intake of 
foods with high cost per calorie, particularly vegetables (246 SEK/kcal, the highest 
cost per calorie of all food groups), whereas it is decreased by a higher intake of 
starches (cereals, pulses, potatoes), nuts, and vegetable oils, i.e. foods with the 
lowest cost per calorie (4-25 SEK/kcal). Meats and dairy products, as well as their 
vegetarian alternatives, tend to have a moderate cost per calorie (61-86 SEK/kcal). 
Hence in the vegan diet the high intake of vegetables counterbalances the absent 
expenses on animal products. 

Contributions of different food groups to the total cost of diets are shown in figures 
10 – 11 below. 

 



46 |  

 
 

 
Figure 10 Relative contributions of food groups to the total cost of ASD and NND 

 
Figure 11 Relative contributions of food groups to the total cost of vegetarian and vegan diets 

The assessment of cost showed that healthier diets (compared to the average 
Swedish diet) might not necessarily cost more, because the New Nordic diet, i.e. the 
diet with the highest nutrition density score, was found to cost practically the same 
as the ASD. Hence affordability and switching to a healthy dietary pattern may not 
necessarily be in conflict with one another. However, a degree of uncertainty 
should be noted in that the range of food items included in the cost assessment was 
limited, which might not accurately reflect the variability of actual individual food 
purchases. 



47 |  

 
 

1.11 Final comparison 

Figure 12 below shows a comparison of environmental impacts and cost of the diets 
before normalization (left) and after (right), relative to the sustainable level of each 
aspect. The green dashed line marks the sustainable boundary (100 %). For BDP 
and diet cost the ASD served as a 100% baseline reference.  

 
Figure 12 Comparison of impacts and diet cost before and after normalization 

As seen in figure 12, the environmental impacts before normalization reflect the 
amount of meat and animal food in a diet, with the exception of blue water 
footprint where only minimal difference occurred between the three alternative 
diets. In all impacts there was an improvement from the average Swedish diet, 
which can also be largely attributed to the limited intake of meat in the three 
alternative diets.  

After normalization with nutrition density the impacts of all diets were slightly 
reduced relative to the sustainable boundary. Furthermore, the normalized impacts 
of diets with a high NRD score have improved relative to the diets with a low NRD, 
which is most visible in the case of the New Nordic diet. Nevertheless, the order of 
the diets (as regards their impacts) has remained unchanged except for blue water 
footprint where the NND became the least impactful. After the normalization the 
sustainable boundary was crossed only in the climate change category, by all the 
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diets except for vegan (the BDP impact might also have been exceeded, but this is 
not clear since no boundary was set). 

As for diet cost, the NND and the vegan diet were found to cost practically the same 
as the average Swedish diet, while the vegetarian diet was found to cost 11 % less. 
This suggests that the potential benefits of the alternative diets (i.e. healthiness and 
lower environmental impact) might be achieved at no added financial cost. For 
illustration, if the diet cost was related to the diet’s NRD score the cost of the 
alternative diets would decrease relative to the ASD, with the NND being the 
cheapest (due to its high NRD score). 
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Discussion 

1.12 Comparison of CC impact with other studies 

The GHG emissions obtained in this project appear to be somewhere in the middle 
of the range of findings of similar studies. As for the average Swedish diet, the 
emissions calculated in this project were 1,81 tCO2e/cap/yr. In comparison, Röös 
et al. (2015) calculated emissions from Swedish average diet at 1,9 tCO2e/cap/yr 
(Röös, et al., 2015). Martin & Brandão (2017) calculated per capita GHG emissions 
for business-as-usual Swedish consumption in the year 2020 at 1,9 tCO2e/cap/yr 
(Martin & Brandão, 2017). Pernollet et al. (2016) investigated average French diet 
and calculated 2,20 tCO2e/cap/yr (Pernollet, et al., 2016). Furthermore, several 
studies with a system boundary reduced to farm-to-retail have found similar or 
higher values, e.g. 1,92 tCO2e by (Saxe, et al., 2013), 2,65 tCO2e by (Scarborough, 
et al., 2014), 2,70 tCO2e by (Berners-Lee, et al., 2012), and 1,70 tCO2e by (Risku-
Norja, et al., 2009). 

However, many of the studies have used different caloric intakes of the modelled 
diets than the 2,000 kcal used in this project. Usually the intakes were higher, 
which would also mean a higher impact. If scaled linearly, the results of some 
studies would be lower than those found in this project. E.g. Röös et al. (2015) used 
the intake of 10,1 MJ (about 2,400 kcal) which would amount to 1,58 tCO2e if 
scaled linearly to the intake of 2,000 kcal. Martin & Brandão (2017) do not specify 
the caloric intake but it is probably close to 3,000 kcal since the basic diet was 
modelled after Swedish food consumption data in 2011 (Martin & Brandão, 2017) 
(Jordbruksverket, 2017). If scaled to 2,000 kcal the emissions would likely be 
significantly lower than those found in this project, around 1,27 tCO2e. Saxe et al. 
(2013) used intake of 10 MJ (2,400 kcal), which would equal to 1,60 tCO2e at 
2,000 kcal intake if scaled linearly (Saxe, et al., 2013). Similarly, Risku-Norja et al. 
(2009) used 2,660 kcal intake, equating to 1,30 tCO2e at 2,000 kcal. However, the 
emissions obtained by Pernollet et al. (2016), Scarborough et al. (2014), and 
Berners-Lee et al. (2012) would still be higher even if scaled to 2,000 kcal – 1,95 
tCO2e, 2,65 tCO2e, and 1,86 tCO2e respectively (see table 26 in the appendix). 

Similar comparison can be made in the vegetarian and vegan diets. In this project, 
the vegetarian diet resulted in 1,09 tCO2e/cap/yr. This result is higher, after scaling 
the intakes to 2,000 kcal, than the 0,73 tCO2e of (Martin & Brandão, 2017), but 
lower than the 1,19 tCO2e of (Pernollet, et al., 2016), 1,39 tCO2e of (Scarborough, et 
al., 2014), and 1,54 tCO2e of (Berners-Lee, et al., 2012). The emissions of the vegan 
diet in this project (0,99 tCO2e/cap/yr) are significantly higher than those of 
(Martin & Brandão, 2017) (0,40 tCO2e) and (Risku-Norja, et al., 2009) (0,66 
tCO2e), but lower than the emissions found by (Berners-Lee, et al., 2012) (1,43 
tCO2e) and slightly lower than those found by (Scarborough, et al., 2014) (1,05 
tCO2e). As for the New Nordic diet, only one study was found that investigated this 
diet specifically, by Saxe et al. (2013). The authors calculated 1,79 tCO2e/cap/yr 
with the intake of 2,400 kcal, which would equal to 1,49 tCO2e at 2,000 kcal, which 
is slightly lower than our 1,66 tCO2e. Emissions of healthy diets (i.e. diets adhering 
to nutritional recommendations) from Röös et al. (2015) (1,14 tCO2e) and Martin & 
Brandão (2017) (1,00 tCO2e) are also lower, after scaling to 2,000 kcal, than ours.  
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This would suggest that the GHG emissions calculated in this project are on the 
upper end of the spectrum for the average Swedish and vegan diets, and 
somewhere in the middle for the vegetarian diet, when compared to the results of 
similar environmental impact studies. The comparison of results from various 
studies can be seen in detail in table 26 in the appendix. 

 

1.13 Sustainability of the assessed diets 

Overall, the ASD showed the greatest environmental impact across all impact 
categories. Before normalization it crossed the sustainable threshold for climate 
change and land use while blue water footprint was at a sustainable limit. After 
normalization the land use and blue water footprint were within the assumed 
sustainable levels but GHGE remained above. As regards nutrition, the ASD was a 
diet with the lowest nutrient density score due to the lack of fiber and the 
oversupply of saturated fat and added sugar, i.e. nutritional shortcomings 
characteristic of a typical ”Western diet”, which in the long term might lead to an 
increased risk of associated health problems such as various types of cancer, heart 
disease, and diebetes (Adlercreutz, 2011).  

The New Nordic diet has a potential of being culturally acceptable in the Nordic 
countries as well as being fairly nutritionally adequate, showing the highest 
nutrition density score, although the intake of saturated fat and phosphorus was 
found quite high above the recommended values. Increased food security might be 
another potential benefit due to the emphasis on local food production (this was 
not evaluated in this project). The environmental benefits remain to be confirmed 
by a larger number of studies but the assessment in this project showed a potential 
for reduced GHG emissions (9 %), land use (18 %), blue water footprint (11 %), and 
biodiversity damage potential (19 %) when compared to the average Swedish diet. 
Our results are similar to the findings of Saxe et al. (2013) and Saxe & Jensen 
(2014) who found possible reduction of 6 – 16 % in GHG emissions and 16 % in 
land when compared to the average Danish diet (Saxe & Jensen, 2014) (Saxe, et al., 
2013). Nevertheless, the NND’s reduction in GHGE calculated in this project was 
not sufficient to achieve the assumed sustainable level. Hence, other measures 
would be needed beside this dietary change to achieve a sustainabile level. 

The vegetarian and vegan diets have been brought to attention in relation to the 
large environmental impact of animal foods, as discussed in the introduction. In 
line with findings of previous studies, the vegetarian and vegan diets showed a 
potential for large reduction in climate change and land use impacts (40 and 45 % 
reduction from the ASD, respectively for vegetarian and vegan diet), as well as a 
moderate reduction of blue water footprint (13 – 16 % reduction) and biodiversity 
damage potential (50% reduction). Thus the environmental benefit of vegetarian 
diets is their potential strength, along with their positive ethical implications such 
as improved animal welfare. Potential issue to these diets, especially the vegan diet, 
is the nutritional inadequacy resulting from the absence of animal products, 
particularly in vitamins D and B12 as shown in the nutritional evaluation. If dietary 
supplementation was considered it would likely add to the diet’s environmental 
impact due to the manufacture and packaging of the supplement products. 
Nevertheless, considering that sustainable diets as defined by FAO (2010) should 
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be ”nutritionally adequate” this raises a question whether a diet requiring the use of 
dietary supplements to fill gaps in missing nutrients can be considered 
nutritionally adequate. Another challenge to vegetarianism might arise from 
prevalent cultural norms and established social habits regarding meat 
consumption, since in the Western society meat can often be seen as the 
centerpiece of a typical meal, which may act as a cultural barrier and discourage 
some people from becoming vegans or vegetarians.  

 

1.14 Including nutrition in environmental assessments of diets 

When assessing the sustainability of diets it is important to consider nutrition in 
the evaluation because the provision of nutrition is the main function of diets, and 
for a diet to be deemed sustainable it should firstly provide sustainable levels of 
nutrients, i.e. such that do not lead to harmful health effects in the long term due to 
the intake being either too high or too low. However, linking the nutritional 
evaluation to the assessments of other sustainability aspects, such as the 
environmental impact, poses a methodological challenge. In this project a 
nutritional score-based method was used to link the nutritional aspect to the 
environmental impact evaluation. This proved to be a fairly simple to use method 
which does not require extensive nutritional expertise from researchers, and as 
such could be relatively easily incorporated into environmental assessments. 

However, although the NRD score was able to serve as a nutrition-based 
normalization factor for the environmental impacts, it does not necessarily reflect 
the nutritional sustainability of a given diet. For instance, despite their fairly high 
NRD scores, the low levels of vitamin D and B12 in the vegetarian and vegan diet 
may render the diets unsustainable without extensive dietary supplementation. 
Vitamin D deficiency is a common problem in the developed world which affects 
bone health and may contribute to increased prevalence of diseases such as cancer 
or diabetes (Gallagher & Sai, 2010), whereas vitamin B12 deficiency can lead to 
autoimmune diseases and has been recognized as a health problem with a potential 
to increase in the future due to the rising popularity of vegetarianism (Stabler & 
Allen, 2004). This is not reflected in the score, where the extremely low intake of 
some vitamins can be overshadowed by high levels of other positive nutrients, e.g. 
fiber, vitamins C and E, folate, magnesium as in the vegan diet.  

The algorithm of the nutrition density score does not distinguish between 
“sustainable” and “unsustainable” nutrient intakes but only the intake relative to a 
reference value (i.e. RDA/MRV recommendation). Hence the NRD score is the sum 
of percentages with no distinction of whether 20 % RDA of a nutrient is sustainable 
or not. Thus much depends on how the algorithm of the nutrition score is 
constructed and more research will likely be needed to develop an optimal 
algorithm that reflects the nutritional sustainability of a diet. 
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Conclusion 

Three alternative diets have been evaluated alongside the average Swedish diet 
(ASD) on their nutritional adequacy, financial cost, and environmental impact 
regarding climate change, land use, blue water footprint, and potential damage to 
biodiversity. The average Swedish diet was found to result in the greatest 
environmental impact in all the impact categories whereas the three alternative 
diets showed a lower impact in the following order (from higher to lower impact): 
New Nordic diet, vegetarian diet, vegan diet. The exception was blue water 
footprint where the vegetarian diet showed a greater impact than the New Nordic 
diet. When nutrition density of the diets was used as a normalization factor the 
relative difference in environmental impacts between the New Nordic and the 
vegetarian and vegan diets was reduced. The average Swedish diet resulted in the 
lowest nutrition density score whereas the New Nordic diet resulted in the highest 
score, the vegan diet in the second highest, and the vegetarian diet in the third 
highest score. Nutritional assessment also showed potential for deficiencies in 
vitamin D in the vegetarian diet and in vitamins D and B12 in the vegan diet despite 
using fortified food products such as plant-based milk substitutes. Minimal 
difference in financial cost was found between the average Swedish, New Nordic, 
and vegan diets, whereas the vegetarian diet was found to cost 11 % less than the 
ASD. The sustainability of a dietary pattern seems to involve a tradeoff between the 
reduction of animal foods for lower environmental impact on the one hand and the 
associated nutritional shortcomings on the other, along with potential cultural 
challenges. 
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Appendices 
Table 20 Detailed food intake of diets for nutritional and cost assessment 

  

Food group and its components 

New Nordic Vegetarian Vegan Average Swedish 

  

food intake 
(g/2000 

kcal/day) 

% 
within 
food 

group 

food 
intake 

(g/2000 
kcal/day) 

% 
within 
food 

group 

food 
intake 

(g/2000 
kcal/day) 

% within 
food 

group 

food 
intake 

(g/2000 
kcal/day) 

% within 
food 

group 

A meat 97,0 100% 0,0 0% 0,0 0% 138,5 100,0% 

1 beef 29,1 30% 0,0 0% 0,0 0% 42,7 30,8% 

2 pork 38,8 40% 0,0 0% 0,0 0% 55,1 39,8% 

3 poultry 29,1 30% 0,0 0% 0,0 0% 40,7 29,4% 

B milk, dairy products and eggs 264,1 100% 301,5 100% 0,0 0% 264,1 100,0% 

4 milk and fermented milk 190,2 72% 211,9 70% 0,0 0% 185,7 70,3% 

5 cream and butter 5,3 2% 21,7 7% 0,0 0% 19,0 7,2% 

6 cheese 39,6 15% 38,9 13% 0,0 0% 34,1 12,9% 

7 eggs 29,1 11% 28,9 10% 0,0 0% 25,4 9,6% 

C fish and seafood 52,1 100% 0,0 0% 0,0 0% 52,1 100,0% 

8 fresh or frozen fish 28,7 55% 0,0 0% 0,0 0% 30,0 57,5% 

9 conserved or prepared fish 23,4 45% 0,0 0% 0,0 0% 22,1 42,5% 

D vegetable oils and added fats 24,0 100% 24,0 100% 26,0 100% 21,7 100,0% 

10 margarine 4,8 20% 12,0 50% 13,0 50% 19,2 88,2% 

11 rapeseed oil 19,2 80% 12,0 50% 13,0 50% 2,6 11,8% 

E vegetables 305,0 100% 306,2 100% 434,3 100% 138,5 100,0% 

12 carrot 20,0 7% 20,1 7% 28,5 7% 9,1 6,6% 

13 green peppers 20,0 7% 20,1 7% 28,5 7% 9,1 6,6% 

14 mushrooms, raw 20,0 7% 20,1 7% 28,5 7% 9,1 6,6% 

15 tomato 45,8 15% 55,7 18% 79,0 18% 25,2 18,2% 

16 cucumber 42,7 14% 45,3 15% 64,3 15% 20,5 14,8% 

17 lettuce 33,6 11% 42,6 14% 60,4 14% 19,3 13,9% 

18 cabbage 61,0 20% 46,8 15% 66,4 15% 21,2 15,3% 

19 onions 61,0 20% 55,4 18% 78,6 18% 25,1 18,1% 

F potatoes and potato products 144,2 100% 80,3 100% 86,2 100% 144,2 100,0% 

20 potato 144,2 100% 80,3 100% 86,2 100% 144,2 100,0% 

G fruits and berries 283,0 100% 395,8 100% 484,9 100% 177,2 100,0% 

21 oranges and citrus 28,3 10% 53,0 13% 65,0 13% 23,7 13,4% 

22 bananas 56,6 20% 137,7 35% 168,8 35% 61,7 34,8% 

23 apples, pears 84,9 30% 76,8 19% 94,1 19% 34,4 19,4% 

24 plums, peaches 42,5 15% 41,6 11% 50,9 11% 18,6 10,5% 

25 grapes 14,2 5% 38,4 10% 47,0 10% 17,2 9,7% 

26 berries 56,6 20% 48,3 12% 59,2 12% 21,6 12,2% 

H cereals and pulses 175,1 100% 199,1 100% 227,3 100% 175,1 100,0% 

27 legumes 26,3 15% 27,9 14% 40,9 18% 0,0 0,0% 

28 wheat, rye, and oat 140,1 80% 151,3 76% 159,1 70% 165,6 94,6% 

29 rice 8,8 5% 19,9 10% 27,3 12% 9,5 5,4% 

I nuts, seeds and peanuts 12,0 100% 8,2 100% 11,9 100% 0,7 100,0% 



63 |  

 
 

30 peanuts and peanut butter 9,6 80% 6,5 80% 9,5 80% 0,7 93,8% 

31 cashews 1,9 20% 1,6 20% 2,4 20% 0,0 6,2% 

J plant milk & dairy substitutes 0,0 0% 44,9 100% 126,2 100% 0,0 0,0% 

32 soy milk and yoghurt 0,0 0% 17,9 40% 50,5 40% 0,0 0,0% 

33 almond milk 0,0 0% 13,5 30% 37,9 30% 0,0 0,0% 

34 oat milk 0,0 0% 13,5 30% 37,9 30% 0,0 0,0% 

K meat substitutes 0,0 0% 53,1 100% 67,2 100% 0,0 0,0% 

35 tofu 0,0 0% 26,5 50% 33,6 50% 0,0 0,0% 

36 soy burgers and sausages 0,0 0% 26,5 50% 33,6 50% 0,0 0,0% 

L snacks and desserts 70,0 100% 70,0 100% 70,0 100% 78,0 100,0% 

37 chocolate and confectionery 61,5 88% 61,5 88% 61,5 88% 68,5 87,8% 

38 ice cream 8,5 12% 8,5 12% 8,5 12% 9,5 12,2% 

M soft drinks and sugar 140,0 100% 140,0 100% 140,0 100% 218,2 100,0% 

39 sugar and soft drinks 140,0 100% 140,0 100% 140,0 100% 218,2 100,0% 

N coffee, tea, alcohol 92,1 100% 92,1 100% 92,1 100% 92,1 100,0% 

40 coffee and tea 9,4 10% 9,4 10% 9,4 10% 9,4 10,3% 

41 beer 82,7 90% 82,7 90% 82,7 90% 82,7 89,8% 

  Total: 1658,6 g/day 1715,1 g/day 1766,2 g/day 1500,6 g/day 

 

Table 21 Farm-gate food supply of the diets for the calculation of environmental impacts 

Food group and its components 

  ASD NND VGT Vegan 

Cooking 
loss2 (%) 

Food 
waste (%) 

food 
demand at 

farm 
(g/day) 

food 
demand at 

farm 
(g/day) 

food 
demand at 

farm 
(g/day) 

food 
demand at 

farm 
(g/day) 

meat   24,0% 214,6 147,3 0,0 0,0 

beef 30% 24,0% 65,7 43,9 0,0 0,0 

pork 25% 24,0% 82,1 56,6 0,0 0,0 

chicken 40% 24,0% 66,8 46,7 0,0 0,0 

milk, dairy products, eggs   16,5% 310,2 310,2 344,3 0,0 

milk and fermented milk 0% 16,5% 216,4 216,4 240,1 0,0 

cream 0% 16,5% 16,5 16,5 18,4 0,0 

butter 0% 16,5% 5,5 5,5 6,1 0,0 

cheese 0% 16,5% 39,6 39,6 44,0 0,0 

eggs 10% 16,5% 32,2 32,2 35,7 0,0 

fish and seafood   35,0% 80,7 72,9 0,0 0,0 

fresh or frozen fish 20% 35,0% 46,4 40,1 0,0 0,0 

conserved or prepared fish 20% 35,0% 34,3 32,8 0,0 0,0 

vegetable oils, added fats   23,5% 26,8 26,8 26,8 26,8 

margarine 0% 23,5% 23,7 13,4 13,4 13,4 

rapeseed oil 0% 23,5% 3,2 13,4 13,4 13,4 

vegetables   55,0% 222,1 490,6 487,6 731,7 

carrot 10% 55,0% 45,0 100,7 101,5 152,3 

tomato 0% 55,0% 39,1 86,0 84,0 126,0 
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cucumber 0% 55,0% 31,8 70,0 68,3 102,5 

lettuce 0% 55,0% 29,8 65,7 64,1 96,2 

cabbage 2% 55,0% 33,3 73,3 72,0 108,0 

onions 17% 55,0% 43,1 95,0 97,7 146,6 

potatoes   62,0% 233,6 233,6 126,5 143,7 

potato 0% 62,0% 233,6 233,6 126,5 143,7 

fruits and berries   55,0% 274,7 384,4 596,5 773,1 

oranges and citrus 0% 55,0% 36,8 38,4 79,9 103,6 

bananas 0% 55,0% 95,6 76,9 207,6 269,0 

apples, pears 0% 55,0% 53,3 115,3 115,7 150,0 

plums, peaches 0% 55,0% 28,8 57,7 62,6 81,2 

grapes 0% 55,0% 26,6 19,2 57,9 75,0 

berries 0% 55,0% 33,5 76,9 72,8 94,3 

cereals and pulses   35,3% 244,1 215,5 279,3 330,7 

legumes -250% 20,0% 0,0 21,0 23,4 45,4 

grains (wheat) 0% 43,0% 236,8 187,8 244,2 270,3 

rice -300% 43,0% 7,2 6,7 11,6 15,0 

nuts, seeds, peanuts   20,0% 0,9 12,0 9,5 14,6 

peanuts 0% 20,0% 0,8 9,6 8,6 11,7 

almonds 0% 20,0% 0,1 2,4 1,0 2,9 

dairy substitutes   27,7% 0,0 0,0 29,5 164,7 

soy milk 0% 20,0% 0,0 0,0 20,9 62,3 

almond milk 0% 20,0% 0,0 0,0 6,3 46,7 

oat milk 0% 43,0% 0,0 0,0 2,2 55,7 

meat substitutes   20,0% 0,0 0,0 77,4 103,8 

tofu 30% 20,0% 0,0 0,0 40,2 54,0 

soy burgers and sausages 20% 20,0% 0,0 0,0 37,1 49,8 

snacks and desserts   23,5% 96,3 86,5 86,3 86,3 

chocolate & confectionery 0% 23,5% 84,6 75,9 75,9 75,9 

ice cream 0% 23,5% 11,7 10,5 0,0 0,0 

vegetarian ice cream   23,5% 0,0 0,0 10,4 10,4 

soft drinks and sugar   23,5% 269,5 172,9 172,9 172,9 

sugar and soft drinks 0% 23,5% 269,5 172,9 172,9 172,9 

coffee, alcohol   23,5% 113,8 113,8 113,8 113,8 

coffee 0% 23,5% 11,7 11,7 11,7 11,7 

beer 0% 23,5% 102,1 102,1 102,1 102,1 

total     2087,4 2266,4 2350,3 2662,1 
 

Table 22 LCI data sources for climate change, land use, and BDP impacts 

Food groups and products 

 

Source1 Note2 Data reference in the 
source3 
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meat       

beef Williams (2006) 

as used by Martin & 

Brandao (2017) 4 bovine ROW/Swedish 

pork 
Williams (2006)/Cederberg & 
Flysjö (2004) 

as used by Martin & 
Brandao (2017) pig ROW/Swedish 

chicken Williams (2006)/Cederberg (2009) 
as used by Martin & 
Brandao (2017) poultry ROW/Swedish 

milk, dairy products, eggs       

milk and fermented milk 
Guerci (2013)/Cederberg & Flysjö 
(2004) 

as used by Martin & 
Brandao (2017) milk ROW/Swedish 

cream Martin & Brandao (2017) Ecoinvent cream ROW/Swedish 

butter Martin & Brandao (2017) Ecoinvent butter ROW/Swedish 

cheese Röös et al. (2015) cradle to retail cheese 

eggs Sonesson (2005)/Leinonen (2012) 
as used by Martin & 
Brandao (2017) eggs ROW/Swedish 

fish and seafood       

fresh or frozen fish LCA Food database (lcafood.dk) 
as used by Martin & 
Brandao (2017) pelagic(herring) ROW 

conserved or prepared fish Almeida et al. (2015) 
 

Canned sardines 

vegetable oils, added fats       

margarine Röös et al. (2015) cradle to retail vegetable oils and margarine 

rapeseed oil Martin & Brandao (2017) Ecoinvent rapeseed oil ROW/Swedish 

vegetables       

carrot Martin & Brandao (2017) Agribalyse 
vegetables other (carrot) 
ROW/Swedish 

tomato Martin & Brandao (2017) Agribalyse tomatoes ROW/Swedish 

cucumber Martin & Brandao (2017) cucumber pepper ROW/Swedish 

lettuce Martin & Brandao (2017) lettuce pepper ROW/Swedish 

cabbage Martin & Brandao (2017) Agribalyse 
vegetables other (carrot) 
ROW/Swedish 

onions Martin & Brandao (2017) Agribalyse 
vegetables other (carrot) 
ROW/Swedish 

potatoes       

potato Martin & Brandao (2017) Ecoinvent potatoes ROW/Swedish 

fruits and berries       

oranges and citrus Martin & Brandao (2017) Agribalyse 
fruits other (peach) 
ROW/Swedish 

bananas Iriarte (2014) cradle to EU port - 

apples, pears Martin & Brandao (2017) Agribalyse apples ROW/Swedish 

plums, peaches Martin & Brandao (2017) Agribalyse 
fruits other (peach) 
ROW/Swedish 

grapes Martin & Brandao (2017) Agribalyse 
fruits other (peach) 
ROW/Swedish 

berries Wallen (2004) cradle to retail fresh & frozen berries 

cereals and pulses       

legumes 
Hallström (2015)/Martin & 
Brandao (2017) Hallström/Agribalyse beans ROW/Swedish 

grains (wheat) Martin & Brandao (2017) Ecoinvent wheat ROW/Swedish 

rice Röös (2015) cradle to retail rice 

nuts, seeds, peanuts       

peanuts Nikkhah (2014) peanuts farmed in Iran   

almonds de Figueiredo (2014) 
as used by Martin & 
Brandao (2017) cashew ROW 
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dairy substitutes       

soy milk Ripple Foods (2017) cradle to retail US soybeans, ctg w/o transport 

almond milk Ripple Foods (2017) cradle to retail US almonds, ctg w/o transport 

oat milk Röös (2018) cradle to grave fresh oat drink 

meat substitutes       

tofu Mejia et al. (2018) cradle to factory soybeans from US 

soy burgers and sausages Röös (2012) cradle to retail quorn 

snacks and desserts       

chocolate & confectionery Röös (2012) cradle to retail godis 

ice cream Röös (2012) cradle to retail glass 

vegetarian ice cream Röös (2012) same as ice cream - 

soft drinks and sugar       

sugar and soft drinks Röös (2012) cradle to retail läsk 

coffee, alcohol       

coffee Martin & Brandao (2017) Agribalyse coffee ROW 

beer EPD Carlsberg (2014) craddle to grave beer ROW/Swedish 

Notes: 1 When two sources are given (as source 1/source 2), the first source refers to impact value 
for imported product, the second for domestically produced (i.e. Swedish); 2 red values indicate 
system boundary different from cradle-to-farm, for which the calculation of CC from transport was 
altered accordingly; 3 as used in Martin & Brandao (2017): the value was taken directly from the 
data provided by the authors (Martin & Brandão, 2017); 4 name of the food item in the data source 
for which the impact values were used. When two names are given (e.g. bovine ROW/Swedish) the 
first name (with ‘ROW’) was used for imported product, the second for domestic (Swedish). 

Table 23 Importing countries, transportation distances and transport-related GHG emissions of foods 

      GHGE import GHGE domestic 
Total GHGE 

from 
transport  

(kg CO2e/kg 
of food) 

Food 
% of food 
imported 

Importing 
country 

% share of 
import 

total 
distance 
by truck 

(km) 

total 
distance 
by ship 

(km) 

Import 
truck (kg 
CO2e/kg 
of food) 

ship (kg 
CO2e/kg 
of food) 

domesti
c truck 

(kg 
CO2e/kg 
of food) 

7,81km 
by car 

(kg 
CO2e/kg 
of food) 

beef 53% Holland 53% 1225 0 0,077 0,004 0,017 0,076 0,164 

    Ireland 47% 425 1302   
   

  

pork 42% Germany 58% 961 0 0,068 0,001 0,017 0,076 0,155 

    Poland 42% 473 485   
   

  

chicken 41% Denmark 85% 622 0 0,064 0,000 0,017 0,076 0,150 

    Holland 15% 1225 0           

milk 42% Germany 62% 961 0 0,099 0,000 0,017 0,076 0,185 

    Austria 38% 1342 0   
   

  

cream 11% Finland 100% 150 396 0,013 0,002 0,017 0,076 0,107 

butter 26% Denmark 100% 622 0 0,056 0,000 0,017 0,076 0,145 

cheese 42% Denmark 58% 622 0 0,078 0,000 0,017 0,076 0,164 

    Holland 42% 1225 0   
   

  

eggs 13% Finland 63% 150 396 0,029 0,002 0,017 0,076 0,122 

    Denmark 37% 622 0           

fish 100% Norway   565 0 0,070 0,000 0,017 0,076 0,146 
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rapeseed oil 74% Belgium 57% 1381 0 0,095 0,000 0,017 0,076 0,175 

    Denmark 43% 622 0           

carrots 35% Holland 68% 1225 0 0,136 0,000 0,017 0,076 0,223 

    Italy 32% 2126 0   
   

  

tomato 94% Holland 75% 1225 0 0,144 0,000 0,017 0,076 0,221 

    Spain 25% 2743 0   
   

  

cucumber* 66% Spain 63% 2743 0 0,196 0,000 0,017 0,076 0,278 

*(other veg)   Holland 37% 1225 0   
   

  

lettuce 66% Spain 88% 2743 0 0,227 0,000 0,017 0,076 0,309 

    Germany 12% 961 0   
   

  

cabbage 35% Germany 89% 961 0 0,104 0,000 0,017 0,076 0,191 

    Spain 11% 2743 0   
   

  

onion 35% Holland 78% 1225 0 0,098 0,000 0,017 0,076 0,185 

    Denmark 22% 622 0           

potato 28% Denmark 100% 622 0 0,259 0,000 0,017 0,076 0,347 

orange 100% Spain 82% 2743 0 0,206 0,000 0,017 0,076 0,282 

    
South 
Africa 18% 150 0   

   

  

banana 100% Costa Rica 70% 0 811 0,010 0,005 0,017 0,076 0,091 

    Ecuador 30% 0 811   
   

  

apples 91% Italy 77% 2126 0 0,157 0,001 0,017 0,076 0,235 

    Poland 23% 473 485   
   

  

peaches* 100% Italy 65% 2126 0 0,211 0,000 0,017 0,076 0,287 
*(other 
citrus)   Spain 35% 2743 0   

   

  

grapes 100% Holland 60% 1225 0 0,088 0,000 0,017 0,076 0,164 

    Denmark 40% 622 0   
   

  

strawberry* 100% Belgium 63% 1381 0 0,169 0,000 0,017 0,076 0,245 

*(other fruit)   Spain 37% 2743 0           

peas 5% France 56% 1693 0 0,092 0,018 0,017 0,076 0,201 

    USA 44% 150 6634   
   

  

wheat 27% Lithuania 66% 100 678 0,035 0,003 0,017 0,076 0,126 

    Germany 34% 961 0   
   

  

oats 1% Latvia 100% 100 434 0,018 0,003 0,017 0,076 0,114 

rice 100% Thailand 70% 150 8268 0,013 0,045 0,017 0,076 0,135 

    India 30% 150 5570           

peanuts 100% Argentina 100% 150 12562 0,013 0,076 0,017 0,076 0,166 

almonds 100% 

USA 
(California
) 100% 150 12634 0,013 0,077 0,017 0,076 0,166 

soy beans 100% Brazil 100% 150 10222 0,018 0,062 0,017 0,076 0,156 

sugarbeet 0% Sweden 100% 50 0 0,013 0,000 0,017 0,076 0,107 

cocoa 100% 
Cote 
d'Ivoire 100% 100 6164 0,009 0,037 0,017 0,076 0,122 

coffee 100% Brazil 100% 150 10222 0,013 0,062 0,017 0,076 0,152 

beer 24% Germany 57% 961 0 0,073 0,000 0,017 0,076 0,162 

    Denmark 43% 622 0           
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Table 24 Foods taken from Livsmedelsverket food composition database for nutritional assessment 

Food group Livsmedels database entry 

Meat 

Beef brisket raw 

Pork meat cubed for casserole or stew raw 

Chicken breast w/ skin raw 

Dairy and eggs 

Semi-skimmed milk fat 1.5% fortified w D-vitamin 

Cream lower fat 27% fat 

Hard cheese fat 23% 

Egg raw or boiled 

Fish 
Baltic herring raw 

Pickled herring 

Vegetable oils 
Margarine spread dairy-free 70% fat fortified e.g. Carlshamn 

Grapeseed oil 

Vegetables 

Carrot 

Sweet peppers green yellow red 

Tomato 

Cucumber 

Iceberg lettuce 

cabbage 

Onions yellow 

Potatoes Potatoe raw 

Fruits 

Orange 

Banana 

Apple w/ skin 

Peach 

Grapes 

Strawberries 

Cereals and pulses 

Red beans dried 

White bread fibre 3.5% unspec. 

Wheat and rye bread e.g. rusk wholemeal sifted flour fibre 7%  

Rice Jasmine uncooked 

Nuts 
Peanuts dried 

Cashew nuts 

Dairy substitutes 

Soya beverage 

Almond drink fortified 

Oat drink ready-to-drink fortified 

Meat substitutes 
Tofu soya bean curd 

Soya sausage 

Snacks and desserts 

Chocolates 

Ice cream fat 12%  

Vegetarian ice cream 10% fat 

Sugar and soft drinks Soft drinks carbonated 

Coffee and alcohol 
Coffee brewed 

Beer or pilsner vol. % 3.5  
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Table 25 Food prices taken from online supermarkets 

Food product 
ICA 

price 
(SEK/kg) 

Coop 
price 

(SEK/kg) 

Hemköp 
price 

(SEK/kg) 

Willys 
price 

(SEK/kg) 

price 
average 
(SEK/kg) 

Name at supermarket 

meat             

beef 175,0 229,0 179,0 172,0 188,8 lövbiff 450-475g, sve 

pork  97,9 99,0 99,0 91,9 97,0 fläsk kotlett benfri 500-640g, sve 

chicken 155,0 149,0 139,0 139,0 145,5 kycklingfilé 300g, sve 

milk, dairy products, eggs             

milk, 1,5% semi-skimmed 9,6 9,0 10,0 11,7 10,1 mellanmjolk 1,5%, 1L, sve 

cream and butter 53,0 47,4 47,4 46,2 48,5 300g gräddfil 12%, 500g smör normalsalt 

cheese 26% fat 91,9 74,0 84,0 76,9 81,7 hushallsost 26%, 1kg, sve 

eggs 50,2 37,2 54,0 48,4 47,5 ägg frigaende, M 10p, sve 

fish and seafood             

fresh or frozen fish, cod 160,4 249,0 199,9 204,8 203,5 torskfilé 330-500g 

pickled herring 165,8 135,6 142,5 120,7 141,2 inlagd sill 240g 

vegetable oils             

margarine 35,8 47,4 39,9 35,8 39,7 margarin mjölkfritt 400g 

rapeseed oil 19,5 16,5 17,0 15,9 17,2 rapsolja 1L 

vegetables             

carrot 14,9 24,0 20,0 16,9 18,9 morot, sve 

tomato 67,6 107,8 59,8 67,6 75,7 körsbärstomater, import 

cucumber 40,3 36,5 41,9 29,7 37,1 gurka, sve 

lettuce, sallad 69,5 67,8 99,8 79,5 79,1 romansallad, import 

cabbage 18,9 25,0 25,0 21,9 22,7 vitkäl, import 

onions 15,9 22,0 15,0 12,9 16,4 lök gul, sve 

potatoes             

potato 11,9 20,0 14,0 11,9 14,4 potatis, sve 

fruits             

orange 24,9 32,0 25,0 21,9 25,9 apelsin 

banana 20,9 28,0 22,0 18,9 22,4 banan 

apple 27,9 30,0 30,0 26,9 28,7 äpple, Granny Smith, italien 

peach 44,9 99,9 62,4 54,8 65,5 persika/mango 

grapes 55,8 55,9 59,9 59,8 57,9 vindruvor, gröna 500g 

strawberries 71,6 79,9 79,8 51,6 70,7 jordgubbar, import 250g 

cereals and pulses             

beans 45,0 34,1 37,4 31,3 36,9 röda linser 400-500g 

bread 40,7 42,6 43,9 39,3 41,6 bröd, längtan 750g 

müsli 35,9 28,5 43,1 29,2 34,2 müsli, eco frukt 750g 

rice, long-grain 25,9 25,0 23,0 21,9 23,9 jasmin ris 1kg 

nuts, seeds, peanuts             

peanuts 96,8 77,0 102,8 90,9 91,9 jordnötssmör, 340g 

cashews 224,6 219,5 206,9 196,1 211,8 cashewnötter 280g 

dairy substitutes             
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soy milk 19,9 18,5 20,0 19,9 19,6 sojadryck, Alpro 1L 

almond milk 24,5 24,0 27,0 22,9 24,6 mandeldryck, Alpro 1L 

oat milk 16,9 18,0 20,0 13,9 17,2 havredryck, Oatly 1L 

meat substitutes             

tofu 101,9 92,4 99,8 88,5 95,7 tofu naturell 270g 

meat substitute, quorn 94,8 90,8 109,8 86,5 95,5 Quorn bitar fryst 600g 

snacks and desserts             

milk chocolate 135,0 149,5 149,5 109,0 135,8 chokladkaka 100g 

ice cream 33,8 33,9 41,1 34,9 35,9 glass, 500ml 

vegan ice cream 105,0   123,9 113,0 114,0 vegan glass, Ben&Jerry 500 ml 

soft drinks and sugar             

soft drinks 27,8 27,9 27,9 25,0 27,2 läsk, coca cola 500ml 

coffee, tea, alcohol             

coffee, ground 70,0 71,0 73,2 104,0 79,6 kaffe, rostad, 450g 

beer 3,5% vol. 19,6 19,7 19,7 22,7 20,4 öl 330ml 

 

Table 26 Comparison of GHG emissions to other studies 

Reference 
Climate change impact  

[tons CO2e/capita/year] 
System boundary Comment 

 ASD1 NND2 VGT vegan   

Our project 1,81 1,66 1,09 0,99 Farm to fork 2,000 kcal 

(Pernollet, et al., 2016) 2,203 1,78 1,34 - Farm to fork 2,250 kcal 

 1,95 1,58 1,19 - If linearly scaled to 2,000kcal 

(Röös, et al., 2015) 1,90 1,402 - - Farm to fork 2,450 kcal 

 1,58 1,14 - - If linearly scaled to 2,000kcal 

(Martin & Brandão, 2017) 1,90 1,502 1,10 0,60 Farm to fork 3,000+ kcal 

 1,27 1,00 0,73 0,40 If linearly scaled to 2,000kcal 

(Saxe, et al., 2013) 1,924 1,79 - - Farm to retail 2,400 kcal 

 1,60 1,49 - - If linearly scaled to 2,000kcal 

(Scarborough, et al., 2014) 2,625 - 1,39 1,05 Farm to retail 2,000 kcal 

(Berners-Lee, et al., 2012) 2,706 - 2,23 2,08 Farm to retail 2,900 kcal 

 1,86 - 1,54 1,43 If linearly scaled to 2,000kcal 

(Risku-Norja, et al., 2009) 1,707 - - 0,88 Farm to retail 2,650 kcal 

 1,30 - - 0,66 If linearly scaled to 2,000kcal 

Notes: 1 Or equivalent average national diet; 2 Or equivalent healthy diet (i.e. adhering to nutritional 
recommendations); 3 Average French diet; 4 Average Danish diet; 5 British high meat eaters; 6 
average UK diet; 7 average Finnish diet. 

 


