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Abstract 
The production and consumption of food, throughout the whole supply chain, have negative 
and large impacts on the environment (Tukker et al., 2006). Environmental impacts could be 
reduced using sustainable diets, such as the vegetarian or the vegan diets (Baroni et al., 2006). 
In Sweden, in addition to these two diets, the New Nordic Diet and the Nordic Nutritional 
Recommendation are diets for Nordic countries that can be considered as sustainable (Saxe 
et al., 2012). Sustainable diets are seldom adopted by the Swedish population, even if they 
could considerably reduce negative impacts on the environment (Stehfest et al., 2009; 
Marlow et al., 2009). Depending on diets composition and type of products eaten, each diet 
might not reduce to the same degree environmental impacts compared to the others. The 
research will try to answer the question: How much environmental impacts can be reduced 
by different sustainable diets in Sweden? 
 
Key words: environmental impacts, New Nordic Diet, Nordic Nutritional Recommendations, 
vegetarian diet, vegan diet, food production, sustainable diet, Sweden 
 
 
 
Introduction 
Food production is the cause of major land degradation, water depletion, deforestation and 
greenhouse gas emissions all over the world (Wood et al., 2006; Pimentel et al., 1994). 
Through the increase of population, that stimulates more food production, negative 
consequences on the environment become even more serious (Pimentel et al., 1994). The 
increase of the world population over the last 50 years, together with higher living standards, 
has swelled food demand by threefold (Bordisky et al., 2015). The demand for food products 
is forecast to continue to grow as the world population increases towards 9 billion by 2050, 
with even further environmental impacts (Paillard et al., 2014). In the European Union, one 
of the region with relatively high population density, food production is responsible for some 
of the major environmental impacts (Tukker et al., 2006). 
 
Dietary change could be one way to reduce environmental impacts of food production 
(Stehfest et al., 2009; Baroni et al., 2006). Several studies have shown that diets composed of 
more vegetables and less or no meat have a lower impact on the environment (Pimentel et al., 
2003; Baroni et al., 2006; Marlow et al., 2009; Saxe, 2011; Hallström et al., 2015). The 
vegetarian and vegan diets are in the spotlight among meat-free diets that are considered as 
the most sustainable. The vegetarian diet is mainly plant-based, excluding meat and fish but 
tolerating other animal-based products such as dairy and eggs. The vegan diet is fully plant-
based and strictly excludes all types of animal products (Baroni et al., 2006). 
The Nordic countries have developed their own model of diets with consideration for the 
environment. The New Nordic Diet is one example aiming to establish the Nordic cuisine as a 
gastronomic and environmentally sustainable alternative. The diet claims to use local, 
organic, seasonal, healthy and palatable products (Mithril et al., 2012). The Nordic Nutritional 
Recommendation is another example of diet that recommends a healthier diet for citizens of 
Nordic countries and to reduce the risks of diet-related diseases (Nordic co-operation, 2018). 
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The Nordic Nutritional Recommendation was updated in 2012 to include environmental 
sustainability in the choice of food consumption (Nordic Council of Ministers, 2014). 
 
In a review of environmental impacts of different diets, Hallström et al. (2015) suggest that 
further studies are needed to investigate the environmental impacts of meat-free diets, and 
to analyse them in a specific geographical context. Sweden presents a well-suited case for 
such study, considering that agriculture is restricted by climate mainly to the South of the 
country, where only limited varieties of crops can grow. Sweden produces mostly cereals such 
as wheat, oilseed, grains and oats, as well as potatoes and sugar beets (Jordbruksverket, 
2011). It means that 70% of fresh vegetables and fruits consumed in Sweden are imported 
(FAO, 2018). The long transportation distances necessary for the importation of food implies 
higher environmental impacts through transportation, storage (refrigeration, freezing) and 
packing (Sim et al., 2007). In this case, what might be labelled as a sustainable meat-free diets 
may carry substantial environmental cost all along the production process. 
 
 
Aim 
This study aims to investigate the reduction of impact resulting from a shift toward 
sustainable diets of the Swedish population. It will determine which type of diets are the most 
sustainable between the Nordic diets and the meat-free ones. A comparative assessment will 
be made to evaluate what are the capacity of reduction of environment impacts between the 
studied diets. Six different types of environmental impacts will be analysed as suggested 
Bauhmann (2013), because there are numerous studies documenting the emission of 
greenhouse gas from diets, but less studies refer to other types of impacts. The study will try 
to answer the question: How much environmental impacts can be reduced by different 
sustainable diets in Sweden? The hypothesis of research states that depending on the 
structure of the diet, the consumption of local products from Nordic diets is as competitive as 
the reduction or cessation of animal-based products from meat-free diets. 
 
The study is a systematic review of different life cycle assessment analysis of environmental 
impacts of sustainable diets. It has the objectives 1) To analyse how much environmental 
impacts studied can be reduced by sustainable diets, 2) to get to know if the Nordic diets can 
be sustainably competitive compared to the meat-free diets, 3) to identify which diets could 
be the most ecological in Sweden and 4) to analyse the reduction of environmental impacts if 
the entire population of Sweden is feed with one of the sustainable diet. This paper can be 
used as a help to know which type of consumption to adopt in Sweden, in the most sustainable 
way. 
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Background 

1. Environmental impacts of food production 

Food production, from all the stages of production to distribution, causes fresh water 
depletion (Rosegrant, 1997; Pimentel et al., 1997), greenhouse gas emissions, use of energy 
(Carlsson-Kanyama, 1998; Steinfeld et al., 2006; Pimentel et al., 1994), land degradation 
(Pimentel et al., 1994; Oldeman, 1992), biodiversity loss (Lenzen et al., 2012; Donald, 2004) 
and waste accumulation (Steinfeld et al., 2006; Marlow et al., 2009). In Sweden, food 
production has primarily an impact on climate change, eutrophication and use of primary 
energy (Nilsson et al., 2011). 
Environmental impacts from food production are nevertheless numerous and broad, and can 
have a global impact such as climate change or ocean acidification (Harrould-Kolieb et al., 
2012). To summarize the interconnections between all these impacts, figure 1 illustrates the 
complexity of one main component of food production which is agriculture production. 
Below is a closer description of the environmental impacts of food production and 
consumption. 

1.1. Water use 

Agriculture production is the biggest consumer of fresh water in the world, using 86% of the 
overall accessible surface and ground water reserves (Shiklomanov et al., 2004; Pimentel et 
al., 1997). Most of the water is used for irrigation of crops (Shiklomanov et al., 2004). Nearly 
two third of wheat and rice produced in the world are grown on irrigated lands. This 
agricultural practice has therefore serious environmental impacts. The excessive 
groundwater mining leads to water exhaustion of fossil and renewable water resource. In 
addition, the mining degrades aquifers by introducing saline and pollutant components. 
Agriculture production affects water quality through the contamination of surface and 
ground water by fertilizers, pesticides or wastes (Rosegrant, 1997). For example, the use of 
fertilizers or the leakage of high amount of manure into the water can lead to eutrophication 
of fresh water and damage local ecosystem and living species (Saxe, 2011). 

1.2. Greenhouse gas emissions 

Agriculture production is responsible for one-fifth of the total emissions of greenhouse gases 
(GHG) in the world, which include Carbon dioxide (CO2), Methane (CH4) and Nitrous oxide 
(N2O). Within this part, livestock production accounts for 80% of the emissions (McMichael 
et al., 2007). It includes emissions from deforestation and land use to create grazing lands, 
methane emission from enteric fermentation, manure, and emissions from feed crops using 
fertilizers (Steinfeld et al., 2006; Kahrl et al., 2010). An important part of GHG emissions is 
due to the use of energy along the process of food production (Pimentel et al., 1994). Energy, 
under the form of fuel or electricity, is used for transportation, refrigeration and storage of 
products (Steinfeld et al., 2006; Sim et al., 2007). Fossil combustion is one of the 
anthropogenic activity that rejects the most CO2 particles into the atmosphere (Menon et al., 
2007). Fossil energy is used as fuel for agriculture machines, to pump water for irrigation and 
to produce chemical inputs (Marlow et al., 2009). Fossil combustion also emits other type of 
particles than GHG that can lead to acidification of air and water and damage local fauna and 
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flora (Saxe, 2011).  

1.3. Land use issues 

The use of lands for agriculture production leads to degradation or land transformation that 
have an important impact on the environment. Irrigation of lands is in cause of major loss of 
arable lands and decrease of land productivity through salinization, erosion, terrestrial 
acidification, or loss of nutrients of the soil (Oldeman, 1992). 70% of the use of agricultural 
land in the world is dedicated to livestock production, which represents 30% of the overall 
lands on the planet. The expansion of livestock leads to a massive deforestation and 
ecosystem change, from forest to grasslands, in regions such as South America (Steinfeld et 
al., 2006). Land transformation through deforestation is also driven by the expansion of 
extensive monocultures such as palm oil crops in Indonesia (Wicke et al., 2011). Overgrazing, 
heavy machines and tilling methods degrade the soil through compaction, erosion or 
pollution (Oldeman, 1992; Lal, 1993). The loss of soil from croplands is 20 to 40 times higher 
than the time it needs to regenerate, which means it is a long-term loss of arable lands 
(Pimentel, 1999). 

1.4. Biodiversity 

During the process of agriculture production, the biodiversity is highly impacted through the 
pollution of water, soil and air, the change of lands and loss of habitats or the introduction of 
invasive species by international trade (Lenzen et al., 2012; Donald, 2004). Intensive 
agriculture production reduces field margins and hedgerows that play an essential role for 
ecosystem services, such as habitats for pollinators or pest regulators. One other main driver 
of biodiversity loss is the spread of invasive species. Intensive animal production and 
international trade of goods contribute to the expansion of invasive species all over the world, 
and can disturb native species (Marlow et al., 2009). Agriculture biodiversity itself is 
threatened by the loss of variety of species. The use of genetically uniform individuals reduces 
the spread of different varieties of plant and domestic animals and their potential for 
genetical crossing (Frison et al., 2011). 

1.5. Wastes 

Wastes are generated at all stages of the food supply chain. During the process of production, 
livestock farming generates high amount of manure. If it is not controlled and properly 
recycled, it can lead to water, soil and air pollution (Marlow et al., 2009). For example, the 
leakage of manure that have a high content of nutrients can cause eutrophication of surface 
water, threaten soil fertility and lead to a loss of biodiversity from water pollution (Menzi, 
2001). During the transport and storage of products, the packaging of food becomes a waste 
after use. Some packages are derived from fossil fuel, that once are thrown away can pollute 
air and water with toxic components and relieve GHG emissions (Marsh et al., 2007). Finally, 
once the food arrived to the consumer, the non-consumption of food is a form of waste. It is 
an environmental issue, because it means that the impacts enumerated above could be 
avoided by a better individual food management. In Sweden, the average food waste of 
household is estimated at 72 Kg per person per year (Jensen et al., 2011).
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2. Definition of a sustainable diet 

Diets chosen for this study can be classified under the term of environmental sustainable diets. 
However, the definition of a sustainable diet is abstract and can be interpreted in various ways. 
An agreement on the definition was made in 2010 during an International Scientific Symposium 
organized by FAO and Biodiversity International. It is defined as follow: “Sustainable diets are 
those diets with low environmental impacts which contribute to food and nutrition security and 
to healthy life for present and future generation. 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.” 
(Burlingame et al., 2012). 
 
Adding to this definition Aiking et al. (2006) interpret sustainability as the fact that it is not 
about keeping a static situation but to get closer to a state of resilience and adaptability from 
the natural systems. They say, “the pursuit of sustainability may involve a combination of 
avoidance and approach” (Aiking et al., 2006). It is in fact not possible to not jeopardize the 
environment but it is reachable to avoid and to tend toward less impacts possible. It means that 
sustainability behaviour is to try to avoid any impacts on the environment but, since it is hardly 
reachable, the purpose is to approach the closest possible to a minimum of impact on the 
environment. 
 
Basing on these two ideas, the definition of sustainable diets for this research is understood by 
a diet that enables to lower the environmental impacts compared to a business-as-usual diet. 
The best diet being the one that reduce to its maximum impacts on the environment. The 
economic, social and ethical part of sustainability will not be considered to narrow down the 
research.  

3. Studied diets 

3.1. Vegetarian and vegan diets 

The consumption of meat in european countries starts to decrease. It is related, among other 
reasons, to the raise of consciousness for a more sustainable lifestyle (Jordbruksverket, 2018). 
In Sweden, 10% of the population already adopted meat-free diets (Nilsson, 2015). The choice 
for this study of both the vegetarian and the vegan diet is to show different degree of use of diets 
mainly based on plants, vegan being the most extreme choice. The vegetarian diet will be an 
ovo-lacto vegetarian type of diet. It will be compared to diets from Nordic countries, that include 
meat consumption, to examine if meat is the only driver of a sustainable diet. 

3.2. New Nordic diet (NND) 

The New Nordic diet is a 5 years research project established by the University of Copenhagen 
for the OPUS project, 'Optimal well-being, development and health for Danish children through 
a healthy New Nordic Diet' (OPUS, 2018a). The project aimed to develop a new meal system 
with Nordic ingredients that is healthy, palatable and environmentally sustainable (OPUS, 
2018b). The diet accentuates the importance of seasonal, organic and local ingredients as a sign 
of sustainability. 
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3.3. Nordic Nutritional Recommendation (NNR) 

The Nordic Nutritional Recommendation are guidelines for a balanced and healthy diet in 
Nordic countries. It is a project funded by the Nordic Council of Ministers and is used as 
reference for professional's nutrition recommendation (Nordic co-operation, 2018). Its food 
composition is based on the Average Swedish diet and improved by healthy and sustainable 
recommendations. For example, the diet takes into consideration the sustainability of food 
consumption by trying to reduce meat consumption and food wastes (Nordic Council of 
Ministers, 2014). 

3.4. Average Swedish diet (ASD) 

The Average Swedish diet is not considered as a potential sustainable diet for this study. The 
diet is an average calculation of food habits of the Swedish population, and can be assimilate as 
a business-as-usual diet. The four diets will be compared with the Average Swedish diet to have 
an element of comparison with the current type of diet choose by Swedes. 
The Average Swedish diet is characterised by a high consumption of animal products such as 
dairy and meat. Sweden has a low vegetable/animal ratio among the other European countries 
(EC/JRC, 2009). Cereals and bread are the first most consumed plant-based products. One other 
noticeable element of the diet is the high consumption of soft drinks (Eidstedt, 2013). 
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Method 

1. Literature and data search strategy 

The study is a literature and data review mostly based on researches made in Sweden. The 
research was conducted with search engines of Google Scholar and Libris (the research engine 
from Stockholm University). The key words mostly used were “New Nordic Diet”, “Nordic 
Nutritional Recommendations”, “vegetarian diet”, “vegan diet” or “sustainable diet”, combined 
with “environmental impacts”, “food production”, “Sweden”, or “Life cycle assessment”. For each 
research, only the first three pages of the search engine were examined. What helped the most 
to find the papers needed was to use the technic of the snowball literature search to navigate 
from one study to another. It helped for example to find Swedish written papers containing 
important information.  
 
The environmental impacts of food items were combined with the amount of food items 
consumed by each diet. It enables to know the overall environmental impacts of the studied 
diets. The criteria to select research papers about environmental impacts of food products were 
to have studies made in Sweden, with a Life Cycle Assessment (LCA) and referring to any sorts 
of environmental impacts from food products. The choice of impact was made depending on the 
availability of data and the time constraint of the study. 
 
The researches about environmental impacts of products selected are all using the method of 
Life Cycle Assessment (LCA). The technique of the LCA is a way to assess environmental impacts 
of a product through the different stages of production and consumption. The use of LCA not 
only gives an analysis about Sweden, but also about the rest of the world, because some 
foodstuffs are produced abroad. 
 

2. Synthesis of researches used 

2.1. Presentation of environmental impacts 

The six environmental impacts selected to realise this study are energy use, greenhouse gas 
emissions, land use, biodiversity, acidification and eutrophication. Below is summarized how 
theses impacts are defined and calculated. 
 

2.1.1.  Energy use 
Data for the energy use comes from the study of Wallén et al. (2004), made in Sweden. It is 
calculated in Mega joule (MJ) and refers to all types of consumption of energy such as fossil fuels 
and electricity, used during all the steps of production. Energy use is a major cause of GHG 
emissions and abiotic resource depletion. The LCA of energy use is calculated from cradle until 
the consumer. It includes agricultural use, storage, handling and packaging use, food processing 
and transportation.  
 

2.1.2.  Greenhouse gas emissions (GHG) 
The data for GHG emissions are also from Wallén et al. (2004). GHG emissions are calculated in 
CO2 equivalents, which include all the gas participating to global warming (carbon dioxide, 
methane, nitrous oxide, etc...). It is calculated basing on the emissions of GHG from the energy 
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use. GHG are in cause of climate change and atmospheric acidification. The LCA of GHG 
emissions is calculated from cradle until the consumer, including the distribution of food. 
 

2.1.3. Land use 
The data of land use comes from the study of Röös et al. (2015), realised in Sweden. Data unit 
is in m² and refers to the area needed to produce the food. The changing of land use for 
agriculture production can lead to deforestation and highly decreases biodiversity and space 
for wild ecosystems. The LCA of land use is calculated from cradle-to-grave. It means that the 
LCA is calculated from the resource extraction to the end of the product as a waste. 
 

2.1.4.  Biodiversity Damage Potential (BDP) 
The data for BDP come from the study of Röös et al. (2015). BDP is an index gathering different 
type of variables. It considers hectares of land occupied, land type (annual crops, permanent 
crops, pastures and meadows), and type of biogeographical region (Röös et al., 2015). The 
method of calculation by de Baan et al. (2013) in Röös et al. (2015) uses a comparison of the 
species richness between a natural land and the land occupied by an agriculture field. BDP 
includes consequently data from the land use impact. The LCA use for the calculation is from 
cradle-to-grave.  
 

2.1.5.  Acidification 
Acidification data comes from the study of Saxe (2011), realised in Denmark. Data of 
environmental impacts of food products for acidification and eutrophication were not findable 
for Sweden, consequently Denmark was chosen because it is part of the Nordic countries. 
Acidification is calculated in sulphur dioxide equivalent (SO2-e), which includes nitrogen oxide 
and ammonia. For this study, according to Saxe (2011), acidification is calculated from the 
combustion of fossil fuel, that releases sulphur and nitrogen particles into the atmosphere. 
These particles are in cause of acid rain that destabilized natural ecosystems and damage or kill 
living species. Saxe (2011) used a LCA from cradle-to-gate, which considers the extraction of 
the resource to the end of the process of production, the gate of the firm. It does not consider 
the transport towards the consumer and the stages of consumption. 
 

2.1.6.  Eutrophication 
The data for eutrophication also comes from Saxe (2011). Eutrophication is calculated per gram 
of nitrate equivalents (NO3-e), which include phosphorus particles. Nitrates and its equivalents 
come from the overuse of nutrients from chemical inputs, high amount of animal faeces or air 
pollution. Once in the water, it creates an overgrowth of algae, bacteria and aquatic plants that 
overuse the oxygen and asphyxiate other living aquatic species. This process is named 
eutrophication (Saxe, 2011). The LCA use for the calculation of eutrophication is from cradle-
to-gate. 

2.2.  Calculation of diets composition 

The composition of diets was calibrated for the calculation under the unit of kilogram per 
person per year. All the diets were adjusted into the same amount of food as the ASD which is 
760,6 Kg of food per person per year. It was made by using the proportionality. Diet composition 
does not consider dietary supplement, alcohol, mineral and fresh water. When a paper 
separates the diet composition of men, women or children, the average of all categories is used. 
When data was condensed into one big category, they were proportionally split basing on the 



11 

ASD. For example, if there was only one data for a category named “dairy products”, this data 
was split into “milk”, “cream” or “butter” basing on the percentage of each category eaten in the 
ASD. The name of the categories is taken from Wallén et al. (2004). Categories named “jam and 
marmalade”, “spices” and “processed sour milk” were removed from the calculation because of 
a lack of data, which created too much uncertainties in the composition of the diet. 
 

 The data for the composition of the Average Swedish diet are based on the paper of 
Eidstedt (2013). 

 The vegetarian diet is based on several papers. The main composition is extracted from 
Haddad et al. (2003). A supplement of data for eggs and butter comes from Meier et al. 
(2012). For coffee, tea and soft drink, data comes from Chiu et al. (2014).  

 The main source of composition of the vegan diet comes from Larsson (2001) and a 
supplement of data for the sugar is from Meier et al. (2012). 

 The New Nordic diet composition is based on the study of Mithril et al. (2013). Another 
part of the food composition is from data of Saxe et al. (2012) for dairy products, cheese, 
egg, butter, cooking oils, sugar, sweets, soft drinks, juice and coffee and tea. Frozen 
products were excluded from the calculation because the diet claims to eat fresh 
seasonal products, which consequently does not need a high process of storage. Rice, 
banana, orange, or other fresh fruits are also excluded from the diet composition because 
it is not products that can be produced in Sweden. An exception is made for coffee and 
tea that are products not easily replaceable. 

 The composition of Nordic Nutritional Recommendation is based on scenario 5 of Tetens 
(2013). Coffee and tea have the same value as the Average Swedish diet. 

The ASD, NND and NNR are based on data from Sweden. The vegan diet is almost entirely made 
of data from Sweden, except for the consumption of sugar. None of the data of the vegetarian 
diet are from Sweden.  

2.3. Categorisation of food items 
The composition of studied diets was classified in 9 food categories, gathering 50 food items. 
Table 1 sums up food items that are gathered on the categories. The special categorisation for 
potatoes is based on the classification of Jordbruksverket that separated it from the category of 
vegetables.  
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Table 1: Food items gathered under chosen categories 

Categories Items 

Vegetables 
 

Leaf and root vegetables, pulses, seeds, mushrooms, herbs, seaweed, processed 
vegetables, other fresh vegetables 

Potatoes Unprocessed potatoes, mashed powder, frozen and processed potatoes 

Fruits Fruits, berries, nuts, juices 

Cereals and bread All types of cereals, bread, pasta, rice, cakes, pies, biscuits 

Meat Beef, pork, poultry, other meats (lamb, venison), frozen meat products, cured 
meat and sausage 

Eggs Eggs 

Dairy products Milk, cream, cheese, butter 

Fish and seafood Unprocessed fish, frozen fish, fish products, shellfish, shellfish products 

Miscellaneous Margarine, cooking oils, sugar, honey, treacle, chocolate, sweets, soft drinks, 
coffee, tea and cocoa 
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Results 

1. Current knowledge of environmental impacts of diets in Sweden  

The first objectives of the research were to make a literature review of studies about 
environmental impact of diets in Sweden. The criteria of research were to find studies about 
diets in Sweden using the method of LCA, having available numerical data, and with several 
environmental impacts analysed. Very few studies corresponded to these criteria. The data 
were either in a wrong place of location, or either did not analysed enough environmental 
impacts. Below, table 2 summarises the type of study found that was the closest from the criteria 
of research. It is extended to the European scale to have a broader view of the different studies 
of environmental impacts of diets. This table is non-exhaustive. A cross represents the study of 
an environmental impact for the diet related.   

Table 2: Literature review of environmental impacts of diet in Sweden, extended to Europe 

 
 
Looking at the table, the vegetarian and vegan diets are largely studied in different European 
countries. There are few studies for healthy diets and recommendations, which could be 
equivalent of the NND and NNR. The NND and NNR are thus little studied, and on few 
environmental impacts.  
There is a lack of research about environmental impacts of diets in Sweden studying other 
impacts than GHG emissions. Food production in Sweden has primarily an impact on climate 
change, eutrophication and primary energy use (Nilsson et al., 2011). Consequently, energy use 
and eutrophication must be emphasized for studies in Sweden. Martin et al. (2017) is the only 
study meeting almost all the criteria of research, but the data were not available. 
GHG emissions and land use are the impacts with the most accessible data for diets in Europe. 
Other types of impact are less easily findable in studies of diets in Europe. Water use, human 
toxicity, photochemical ozone and BDP are the impacts with less accessible data. In the case of 
Sweden, it is in addition water use, ozone layer degradation and photochemical ozone impacts 
that does not have available data. Some impacts do not have accessible data at all such as waste, 
water pollution or soil degradation. 
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2. Composition of the studied diets 

Figure 2 shows the proportion of food eaten for each diet. Three groups of food can be 
distinguished from each other’s. Plant-based products are represented by the green colours, 
animal-based products are represented by the red ones. The miscellaneous category in yellow 
is a special category gathering mostly fat and sugar processed products from plants. There is 
one exception for honey that is an animal-based product. 
 

Figure 2: Food composition of studied diet in percentage of kilogram of food per year 
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Each studied diet has a food content composed of plant-based products of respectively 49% for 
the NNR, 75% for the NND, and 78% for the vegetarian diet and vegan diet, without considering 
miscellaneous. In comparison, the composition of the ASD has 46% of plant-based products. 
The NNR has a food composition quite similar from the ASD, with a high consumption of animal-
based products. In comparison, more than 3/4 of the composition of other studied diets is 
composed of plant-based products.  
 
Compared to the Average Swedish diet, the NNR reduces by half the consumption of meat. It is 
compensated by the consumption of potatoes, vegetables, eggs and dairy products. The NND 
has an equal consumption of fruits and vegetables and consumes little of bread and cereals. 
Meat-free diets compensate the loss of animal protein by a higher consumption of cereals and 
vegetables. The vegetarian diet privileges a higher intake of cereals than vegetables, whereas it 
is the contrary for the vegan diet. 
 

3. Environmental impacts of studied diets 

The results from the study are presented in bar charts disaggregated into food categories. It is 
followed by a second bar chart presenting a what if scenario. It analyses what if all the Swedes 
chose to adopt one of the studied diets. It is calculated with the today 2018 population of 9,8 
million Swedes. The result, under the form of a reduction of impact, is calculated based on the 
ASD.  
  
Since the results are based on a LCA, it is important to keep in mind that the reduction of 
environmental impacts of the Swedish population through a change of diet has global 
consequences. It is explained by a high importation of foodstuffs that cannot be produced in 
Sweden. 97% of imported foodstuffs come from the European Union and the other 3% come 
from outside the EU (Jordbruksverket, 2017).  
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3.1. Energy use 

Figure 3 shows the energy use per person per year depending on the type of diet. Food items 
that have the highest energy use are, in order of magnitude, frozen fish fillet, coffee and tea, beef 
and all imported vegetables such as tomatoes, cucumber, and lettuce. The products with the 
lowest energy use are unprocessed potatoes, root crops, cabbages and onions, which are all 
produced in Sweden (Wallén et al., 2004). 

 
 
The choice to adopt one of the sustainable diets could save between 1 to 3 Gj of energy per 
person per year. The vegan diet has the lowest use of energy and can reduce up to 17% of the 
overall use of energy per person per year compared to the ASD. Even if the vegan diet has the 
same environmental impact for plant based products than the vegetarian diet and the NND, it 
has the lowest use of energy because of a non-consumption of animal-based products. 
The NND and NNR approximately equally reduce the energy use to 8%. They have a lowest 
impact than the vegetarian diet. It is explained by a high consumption of local products, which 
uses less energy to be transported and stored from the place of production to the place of 
consumption. In comparison the vegetarian diet consumes a lot of vegetables and fruits that are 
not all produced in Sweden. As mentioned before, 70% of vegetables and fruits are imported. 
Transport and storage use more energy than local products. It is the reason why the vegetarian 
diet has the highest environmental impact among the studied diets. 
 

Figure 3: Total energy use per person per year 
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If every Swedes chose to adopt one of the 
studied diets, figure 4 shows how much 
energy Sweden could reduce per year in 
the world compared to the Average 
Swedish Diet. 
In 2016, Sweden consumed 1,35 million 
terajoules (Energimyndigheten, 2018). 
The reduction of energy use would 
represent a reduction to its maximum of 
1,5% compared to the energy used by 
Sweden per year. It means that the shift to 
sustainable diets represents only a low 
reduction of energy use compared to the 
energy used in Sweden. In fact, Sweden 
mostly consumes energy for industrial, residential and transport sectors (Energimyndigheten, 
2018). Consequently, energy use from food production represents a small part of the overall 
energy use. It means that the shift of diet cannot highly decrease this impact. 

3.2. Greenhouse gas emissions 

Figure 5 shows the total amount of GHG emissions produced per person per year depending on 
the type of diet chosen. Products that emits the most GHG are, in order of magnitude, cheese, 
coffee, tea, frozen fish, beef and pork. On the contrary unprocessed potatoes, frozen meat, 
apples and oranges are the ones that emits the less GHG (Wallén et al., 2004). 

 
Looking at the figure, the shift of diet could reduce between 100 to 250 Kg of CO2-e per person 
per year. The vegan diet is the lowest producer of GHG emissions. It can reduce 23% of the total 
emissions per year compared to the ASD. As for energy use, the difference with other diets is 
made by the non-consumption of animal-based products. The NND can reduce up to 19% of 
GHG emissions per year compared to the ASD. It has a lower impact than the vegetarian diet 

Figure 4: Reduction of energy use per year of the 
Swedish population 

Figure 5: Total GHG emissions per person per year 
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due to a high consumption of local products that does not go through long distance of transport. 
The vegetarian diet has one of the highest emissions of GHG among the studied diets. As for 
energy use, this rate is explained by the high consumption of imported vegetables and fruits. 
The vegetarian diet has the highest consumption of coffee and tea among studied diets, and a 
non-negligible consumption of cheese. It is the reason why emissions associated with 
vegetarian diet are so high compared to the other diets. NNR follows the vegetarian diet closely 
with a consumption of all the food items that emit the most GHG emissions such as meat, cheese 
and coffee. 
 
If every Swedes chose to adopt one of 
the studied diets, figure 6 shows how 
much GHG emissions Sweden could 
reduce per year in the world 
compared to the ASD. The shift to a 
sustainable diet for the Swedish 
population would represent a 
reduction of GHG emissions from 1 to 
2,5 Mt of CO2-e. 
In 2050, Sweden was emitting 53,7 Mt 
of GHG without considering land use, 
land-use change and forestry 
(LULUCF) (Naturvårdsverket, 2017a). 
It means that the change of diet can 
reduce from 2% to 4,5% of GHG emissions compared to overall emissions from Sweden. 
 
For 2050, Sweden has the objective to reduce GHG emissions by 80% from 1990 levels (Swedish 
institute, 2018). In 1990, Sweden was emitting 72,2 Mt of CO2-e without LULUCF (UNFCCC, 
unknown). It means that the country wants to have a decrease of 57,76 Mt of CO2-e for 2050. 
If from now all the Swedish 
population chose to adopt a 
sustainable diet, figure 7 represents 
how much cumulated emissions 
Sweden could reduce in the world in 
2050. It is calculated based on 2018 
year. Looking at the figure, the change 
to the vegetarian diet or the NNR 
would not reach the goals by 
themselves, it would only reduce 
from 32 to 44 Mt of CO2-e for 2050. 
These diets would need to be 
combined with other actions to reach 
the goals in 2050. However, by a shift 
of diets to the NND or the vegan diet, 
Sweden could decrease GHG emissions even more than the objectives for 2050. It could 
decrease the GHG emissions from 65 to 80 Mt of CO2-e in 2050. It means that by only the change 
of food habits a non-negligible reduction of GHG emissions is possible. A decrease of meat 
consumption from all the Swedish population could have a great influence on the global 
reduction of GHG emissions. The shift of diet can be an efficient tool for policy making to reach 
environmental goals and fight against climate change. 

Figure 6: Reduction of GHG emissions per year of the 
Swedish population 

Figure 7: Reduction of GHG emissions of the Swedish 
population in 2050 
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3.3. Land use and biodiversity damage potential 

Figure 8 shows the total land use for each diet per person per year. The products that require 
the most lands are other meats (lamb), beef, pork and poultry. Root crops and potatoes are the 
food items that require the less lands to be produced (Röös et al., 2015).  
 

 
 
The shift of diet could reduce between 800 to 1400 m² of land per person each year in the world. 
It means it is a reduction from 25% with the NNR to 44% with the vegan diet of the lands used 
in the world compared to the ASD. Meat and dairy products are highly noticeable on the graph 
since cattle needs more space than any other food items to be produced. More than half of the 
overall impact on land use of the NND and NNR comes from the consumption of meat. Meat-
free diets have consequently a low land use impact due to a non-consumption of meat. In the 
case of the NND, even with a high impact through meat consumption, the diet has the same 
overall impact than the vegetarian diet. It is explained by a high consumption of products with 
a low use of lands such as root crops and potatoes. These items compensate the high impacts 
from meat consumption and are the reason why the NND reaches the same overall impact than 
the vegetarian diet. Miscellaneous category is also a noticeable category in this graph, due to 
coffee and tea that is one of the plant products that require as much lands as pork for example. 
 
Figure 9 shows the Biodiversity Damage Potential of each diet per person per year. Since BDP 
is calculated depending on land use, there is similarities of impacts from products. The food 
items that have the highest environmental impact are other fresh meats (lamb), beef, pork and 
poultry. It is followed by dairy products, with mainly cheese and butter. The products with the 
lowest environmental impact are all the unprocessed fruits and the potatoes (Röös et al., 2015). 
 
 

Figure 8: Total land use per person per year 
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Looking at the figure, it is noticeable that sustainable diets highly decrease damages on 
biodiversity by at least a quarter of its impact compared to the ASD. The shift of diet can reduce 
between 0.05 and 0.08 points of BDP per person per year. It represents for the vegan diet a drop 
of the damage on the biodiversity of 44% compared to the ASD. The vegetarian diet and NND 
would both reduce from 34% to 30% of this impact each year. Meat and dairy products are 
highly noticeable due to a high need of lands for animal farming. More than half of the overall 
impact on land use of the NND and NNR comes from the consumption of meat. The NND is equal 
to the vegetarian diet regarding the overall impact. It is due to a high consumption of fruits and 
potatoes that are products with the lowest impact on biodiversity. The change from the ASD to 
the NNR could reduce by half the impact coming from meat consumption, which represents a 
considerable decrease of impact. 
Since BDP is an index linked to land use, the change of diet from the overall Swedish population 
is analysed through land use in figure 10.  
 
If every Swedes chose to adopt one of 
the studied diets, figure 10 shows how 
much land use Sweden could reduce 
per year in the world compared to the 
ASD.  
In 2010, Sweden had approximately 
3000km² of utilized agricultural area 
(Eurostat, 2012). It means that if 
Swedes shift their diet to one of the 
sustainable diets, it would represent 
2,5 to 5 times the amount of land use 
for agriculture in Sweden per year. 
These new unused lands could 
represent space for wildlife to settle 
again all over the world. It would 
consequently have a positive impact on the biodiversity. Only for the choice of the NNR, it would 

Figure 9: Total BDP per person per year 

Figure 10: Scenario of a land use reduction per year of 
the Swedish population 
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relieve the equivalent of the size of Yellowstone national park each year in the world. It means 
that the shift toward sustainable diets can have an important global reduction of physical 
pressure on the environment. 

3.4. Acidification 

Figure 11 shows the amount of Sulphur dioxide equivalent, in cause of acidification of the 
atmosphere, for each diet per person per year. Meat and fish are the biggest emitters of SO2-e 
in the atmosphere. The products that emit the less SO2-e are dairy products, potatoes and 
unprocessed cereals (Saxe, 2011).  

 
To the maximum, acidification level can decrease from 11% (with the NNR) to 30-34% (with 
the vegetarian and the vegan diet). It means that between 1 to 3 kg of SO2-e emissions can be 
reduced per person per year in the world. Nordic diets have a significantly higher impact on the 
environment than meat-free diets. Half of the impacts of NNR comes from the consumption of 
animal products. It is due to the consumption of fish and meat that are the biggest emitters of 
SO2-e. Meat-free diets are consequently the best diets to choose to reduce acidification impact.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Total acidification per person per year 
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If every Swedes chose to adopt one of the 
studied diets, figure 12 shows how many 
kilotons of SO2-e can be reduced per 
year in the world compared to the ASD. 
Looking at the figure, meat-free diets 
have the highest reduction per year, with 
a decrease from 34 to 30 kilotons of SO2-
e. The Nordic diets would have a weaker 
action on the reduction of this impact, 
with a reduction of 11 and 19 kt of SO2-e 
per year. 
In 2015, Sweden was emitting 19,3 kt of 
SO2 (Naturvårdsverket, 2017b). There is 
not any data found about the cumulation 
of SO2 equivalent in Sweden. The shift to 
a meat-free diet could result to a global decrease of almost twice the emissions of SO2 from 
Sweden. The Nordic diets could decrease SO2 emissions equally or less than the one produced 
by Sweden. However, if ammonia and nitrogen oxide are added to the emissions from Sweden, 
it would represent higher overall emissions. It means that the reduction of acidification 
presented in figure 12 would have a lower power of reduction of this impact. In 2015, the 
European Union was emitting 18500 kt of SO2-e (Eurostat, 2018). In comparison to the 
reduction of SO2-e per diet, it represents less than 1% of reduction of this impact. It means that 
at a higher geographical scale, shift of diets has a lower capacity of reduction of atmospheric 
acidification. 

3.5. Eutrophication 

Figure 13 shows the amount of nitrate equivalent, responsible for eutrophication, per person 
per year. The products that emit the most of NO3-e are meat and fish. On the contrary, the ones 
that emit the less of NO3-e are dairy products, potatoes and unprocessed cereals (Saxe, 2011). 
 

 

Figure 13: Total eutrophication per person per year 

Figure 12: Scenario of an acidification reduction per 
year of the Swedish population 
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The change to sustainable diets could reduce between 10 to 25 kg of NO3-e per person per year 
in the world. It could represent a reduction of 40% from meat-free diets, and a reduction of 
approximately 10% from Nordic diets. There is a considerable difference of reduction of 
impacts between meat-free diets and Nordic diets. It means that meat and fish are one of the 
main drivers of eutrophication related to the consumption of food. Half of the impacts on the 
NNR is due to the consumption of animal-based products for example. The consumption of 
meat-free diets is then the best choice of diets to reduce eutrophication impact. Except from 
meat and fish, all other types of products have low impact on eutrophication. For this reason, 
the vegetarian diet has almost the same overall impact than the vegan diet.  
Except for fish and meat products, the difference between other products is driven by quantity. 
It explains why cereals and bread in the vegetarian category are highly noticeable, whereas it is 
one of the items with the lowest impact. It is due to the high consumption of this food item by 
the diet.  
 
If every Swedes chose to adopt one of 
the studied diets, figure 14 shows how 
much kilotons of nitrate equivalent 
could be reduced per year in the world 
compared to the ASD. The consumption 
of meat-free diets could reduce each 
year between 252 and 245 kilotons of 
NO3-e all over the world. In 2012, 
Sweden emitted 484 kt of nitrates (ECA, 
2016). It means that meat-free diets can 
almost reduce half of the amount of 
nitrate emitted by Sweden. It would 
represent for the NNR a reduction of 
19% compared to the amount of nitrates 
emitted by Sweden. The shift to 
sustainable diets, and mainly meat-free 
ones, can have an important effect on the reduction of the phenomenon of eutrophication in the 
world. 
 

4. Result summary 

Some environmental impacts have a similar structure because they are link to each other’s. GHG 
emissions are the consequences of energy use, as well as biodiversity is for land use. 
Acidification and eutrophication are also closely linked because they come from the same 
source. Consequently, these impacts have sometimes the same outcome. 
The shift toward sustainable diets is the most efficient to reduce GHG emissions, land use, 
biodiversity and eutrophication impacts. It has a low capacity of change concerning energy use 
and acidification. Nevertheless, the four diets have an environmental impact lower than the 
Average Swedish diet. It confirms that they can be considered as sustainable diets. 
 
The vegan diet is without exception the one that has the lowest impact on the environment. The 
reason is that the most environmental costly products such as meat, fish and cheese are not 
consumed.  
 

Figure 14: Scenario of eutrophication reduction per 
year of the Swedish population 
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The vegetarian diet has also a low impact due to the non-consumption of meat and fish, and is 
the second-best diet with the lowest environmental impact. However, the diet emits the highest 
GHG emissions through a high consumption of energy. It would not be the best diet to choose to 
tackle climate change, even if there is a decrease of GHG emissions compared to the ASD. The 
vegetarian diet would need to be combined with the consumption of local products to efficiently 
reduce GHG emissions. 
 
The New Nordic Diet is an interesting case because it has almost the same outcomes than the 
vegetarian diet. What distinguish them is the higher environmental impact on acidification and 
eutrophication for the NND. Otherwise, the NND has a lower impact for GHG emissions and 
energy use than the vegetarian diet, and is at equality for land use and BDP impacts. These low 
outcomes can be first explained by the consumption of local products. Local products require 
less transport and less storage, so less energy use. Also, the New Nordic diet choses seasonal-
local products. It is represented in this study by the removal of frozen products from the 
calculation, which lower the overall environmental costs. Secondly, the diet claims to eat healthy 
products. It has the lowest consumption of sugar, chocolate and sweets among the other diets, 
and soft drinks are not consumed at all. It makes the difference compared to other diets that 
consumed these products in high quantity. 
 
Finally, the Nordic Nutritional Recommendation is the least environmental friendly diet among 
the ones studied. The high consumption of products with high environmental impacts such as 
meat, fish, dairy products and cheese must be diminished to have a more efficient reduction of 
impacts. The diet would need to consume more local products. For example, imported products 
such as bananas, oranges can be substituted with local apples and berries. It is also necessary 
to reduce the consumption of unhealthy products such as sweets, chocolate and soft drinks that 
are items consumed more than 20 kilograms per year by the diet. However, this diet is a good 
way to show how important is the reduction of meat consumption, since it has a positive 
reduction of environmental impacts compared to the Average Swedish diet. The NNR could be 
an interesting diet to use as a transition toward other sustainable diets. Since it is not easy to 
change dietary habits of a population, starting to reduce consumption of meat and to eat in a 
healthier way would educate people and lead them toward the most sustainable diets. 
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Discussion 
The reduction or the cessation of meat and animal-based products has a positive impact on the 
environment. Meat consumes a lot of energy to be produced and uses high amount of lands for 
the raising of cattle and the growth of feed plant. It leads to high emissions of GHG, important 
decrease of biodiversity and high emissions of particles in cause of acidification of air and 
eutrophication of water. Consequently, diets that consumes animal products are reducing less 
efficiently impacts on the environment than meat-free diets.  
 
Wallen et al. (2004) noticed that the debate should not only focus on eating animal products or 
not, but also on where and how the food is produced. It means that the consumption of local 
products is one component to consider for a sustainable diet. The adoption of a meat-free diets 
involves the decrease or the cessation of animal products. These products will need to be 
replaced by substitutes. Meat substitutes can have high environmental impact if they are 
imported. Sweden imports 70% of fruits and vegetables, which means that these products are 
using high amount of energy for transport, storage and packing. It leads to more GHG emissions. 
This effect is noticeable with the consumption of coffee and tea from the vegetarian diet that 
highly increase GHG emissions. The reason is that these items use more energy than other 
products to arrive in Sweden. Even if plant-based products have a reduced impact on the 
environment compared to animal-based products, their impacts are not negligible, mostly if 
consumed products come from far. Eating local products is then an additional way to reduce 
GHG emissions and energy use. The New Nordic diet is a good example of how eating local 
products can have positive impact for the environment. The diet almost reaches the same 
overall impacts on the environment than the vegetarian diet, even with a consumption of meat. 
It is due to the reduction of energy use and GHG emissions through a selection of local products. 
It means that adapting its diet to the place of living is a way to have a sustainable food habit.  
Eating seasonal products is also a way to reduce the consumption of energy through less storage. 
The combination of local and seasonal products can lead to a reduction of impact on the 
environment. The study intents to show it through the non-consumption of frozen products that 
highly reduce the energy used for storage. However, this particularity in production pattern 
must be analyses deeper in another study.  
 
The shift toward sustainable diets from the whole population of Sweden could highly decrease 
the environmental impacts all over the world. It could enable the country to reach some of its 
environmental targets and to save resources such as energy and land for other uses. For 
example, the recolonization of forest on former agricultural lands could represent a bigger 
carbon sink to fight climate change and ocean acidification. It would also represent an increase 
of habitat for wildlife that suffers from a depletion of physical space to thrive. The reduction of 
eutrophication could have the same benefits for wildlife. The reduction of air acidification could 
prevent the destruction of northern forest from acid rain and in consequence preserve an 
important resource of wood for forestry. The reduction of energy use and GHG emissions could 
slow down the process of global warming and all the consequences it causes on the Earth. It 
means that private consumption has a role to play in the reduction of impacts that humans have 
on the environment. The outcomes of such a change will have great positive impacts on the 
environment.  
 
However, it is not easy to shift the whole diet of a population within a short time. Diet transition 
must be supported by policy making to be implemented efficiently and quickly. Governments 
should support such transition through awareness campaigns, new legislations, fiscal policy, 
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food labelling, cooperation with specialized NGOs or through an easier access to local, seasonal 
or organic food, at a low price. It can be supported by multiple ways, but it is in any case 
necessary to have the help of an institution to support a project of transition. The country has 
also to consider the consumer acceptance of new dietary habits. The change of food 
consumption can affect strong cultural, ethnical, economic or social values, and make the 
transition harder to realise.  
  
The comparison of this study with other researches shows similar results. During the research, 
the study of Martin et al. (2017) was found with a similar subject as this study. The two studies 
distinguished each other’s by a use of different type of diets and different sources of calculation. 
The comparison of the two studies shows nevertheless some similarities in the results. The 
vegan diet is incontestably the best choice of diet for the environmental impacts of land use, 
BDP, GHG emissions, acidification and eutrophication. The vegetarian diet is the second-best 
option as well for Martin et al. However, in their study the vegetarian diet has one of the lowest 
GHG emissions and they mentioned that the consumption of local products has only a little 
improvement on GHG emissions. It does not totally correspond to the results of this study. It can 
be explained by the difference between the choice to use representative food items for Martin 
et al., and the choice to have more details food items for this study. One other reason can be due 
to the high consumption of coffee and tea of the vegetarian diet that have as result to increase 
the GHG emissions. The calculation of impacts is highly sensitive to any change of quantity of 
food consumed. A choice of a lower number based on another study can change the results. 
Moreover, the composition of the vegetarian diet is not based on sources for Sweden, which 
might influence the results.  
For other diets, the results found by Martin et al. and this research are quite similar. The diet 
named “reduced meat” (similar as the NND) and nutritional guidelines (similar as NNR), are 
both highly decreasing the impacts on the environment compared the business-as-usual 
(equivalent to the ASD).  
 
Other studies, such as Saxe (2011) confirms for the Danish case, that the vegetarian diet is more 
sustainable than the healthy diet for the environmental impacts of land occupation, 
eutrophication and acidification. 
The study of Hallström et al. (2015), made in different European countries, have also similar 
results than this study. They found that vegan and vegetarian diets have the best potential to 
reduce impacts of GHG emissions and land use, followed by the healthy diet (similar as the NND). 
 
This study had some limitations for the calculation of environmental impacts. For example, it 
could be interesting to study other types of environmental impacts than the ones of this study. 
However, there was not any available data concerning food products in Sweden or in Nordic 
countries that mentioned environmental impacts such as water pollution, water use, land 
degradation or waste. Some other environmental impacts had data available in Denmark such 
as acidification, eutrophication, ecotoxicity, human toxicity, photochemical ozone and ozone 
layer degradation, but there was a lack of data for Sweden.  
To go further, the study could explore different type of diets depending on the food production 
pattern. Type of products could be more specific, depending if it is organic or conventional 
farming, local or imported products and seasonal or stored. Taking these parameters into 
account might change the results of the study. However, the study of all the possibilities of 
different type of products for the four diets would represented 24 different diets to analyse. It 
cannot fit to the time frame of this study.  
Moreover, the composition of a same diet can change depending on the use. Food composition 
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of a vegetarian eater for example can change from one person to another, depending on choices, 
taste, budget. It means that the composition of diets can be interpreted differently and that one 
type of diet does not necessary reflects the reality. 
 
There are some issues in the calculation of impacts of the study. First, the analysis of impact can 
be made in different way depending on the studies use, which can bend the results from one 
research to another. For example, the use of different LCAs can make the comparison between 
them inaccurate. Different steps of production are considered, which means that some LCA will 
under estimate some impacts, whereas others will take every step into account.  
The use of LCA is driving the study to two different scales of interpretation of the results. Either 
the production of food is made abroad and concerns a global scale, either it is produced locally 
and relies into Swedish regulations. The evaluation of impacts might be different between 
countries of production depending on the different national environmental policy and the 
production patterns. For example, the use of data from Denmark to study the case of Sweden 
can bend the results because of different types of food production and regulations between the 
two countries. Results of acidification and eutrophication impacts might not be representative 
of some food produced in Sweden. Nevertheless, since Sweden imports many foodstuffs from 
Denmark, it is a representative country to calculate impacts for imported products 
(Jordbruksverket, 2017).  
 
Some calculations of impact have drawbacks. It is the case of the Biodiversity Damage Potential. 
The calculation of BDP must be improved and must consider more factors representative of 
biodiversity, even if it is a broad and complex term. The current calculation of BDP is only a 
record of the presence or the absence of a specie on a land. It means it gives an equal weight to 
all species, without considering if they are endemic or invasive species, or if they are present in 
high or low numbers. As well as the BDP indicator does not give any information about diversity 
of habitat or species turnover. Then there is a risk that the quality of the sampling forgets to 
count some species. It can be due to an underestimation from a lack of knowledge of some 
species or from undiscovered species (De Baan et al., 2013). Finally, the notion of biodiversity 
can differ from one study to another. For example, in the case of meat and dairy produced in 
Sweden, livestock farming on semi-natural grassland can contribute to maintain a high level of 
biodiversity compared to other types of land uses (Ihse, 1995). However, according to De Baan 
et al. (2013) pasture and meadow have a higher biodiversity damage potential than unmanaged 
natural land uses. Differences between studies complicates the evaluation of the real impact on 
biodiversity of animal husbandry. 
 
The calculation of GHG emissions has likewise some drawbacks. Its calculation takes only into 
account the emissions from energy use whereas other sources of emissions are possible. For 
example, cows are a source of emission of methane through the process of enteric fermentation. 
If this source of emission was considered in the study, frozen meat would not have appeared in 
the products that emits less GHG emissions. It is consequently important to consider the 
maximum of sources in cause of an impact to avoid any underestimations.  
However, the possibility of an underestimation of impacts is not easy to avoid. Cumulative 
effects for example can be forgotten during the calculation of impacts. They are hard to measure 
or their impacts can be indirect. It is the case of damage on biodiversity that have several direct 
and indirect causes, but are hard to properly measure. 
 
The study has some uncertainties in the calculation of impacts and in the diet composition. The 
adjustment of all the diets under the same amount as the ASD highly decreases the gaps 
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potentially created by a difference of food intake. It reduces the uncertainty rate and enables to 
compare the diets together. However, there was still missing data for some food items during 
the calculation. It could lead to uncertainties about the real environmental impact of diets. The 
lack of data for the composition of diet represents respectively 2% of uncertainty for the 
vegetarian and vegan diet and 4% for the NND and NNR. The Average Swedish diet does not 
have any uncertainties.  
The calculation of environmental impact has missing data. These data uncertainties are only 
present for data that does not come from Wallen et al. (2004). Land use and biodiversity have 
22% of uncertainty in their calculation and acidification and eutrophication have 8% of 
uncertainty. 
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Conclusion 
Environmental impacts from food consumption are numerous and have different level of 
seriousness. Among the six environmental impacts studied, the change of the dietary habits to 
a sustainable diet would efficiently reduce GHG emissions, land use, biodiversity damage 
potential and eutrophication impacts. The change of diet would have a lower power of action in 
the reduction of energy use and acidification. 
 
The most sustainable diet is by far the vegan diet, that highly reduces all the studied impacts 
through a non-consumption of animal-based products. Then the New Nordic diet has almost 
the same overall impacts than the vegetarian diet. While one reduces environmental impacts 
through the consumption of local products, the other reduces these impacts through the non-
consumption of meat. One of the Nordic diets is consequently as sustainable as meat-free diets 
due to a high consumption of local products. The Nordic Nutritional Recommendation is the 
least sustainable diet among the ones studied. However, it represents an interesting reduction 
of environmental impacts compared to the Average Swedish diet. It could be used to make a 
transition toward other more sustainable diets.  
 
The shift toward sustainable diets of the overall population can be a difficult and long process. 
However, if all Swedes adopted one of the sustainable diets, studied impacts could be massively 
reduced. It could allow the country to fulfil some European and world environmental objectives 
through the change of diet. It means that the action of multiple individuals can help 
governments to reach global goals. 
 
In future studies, more environmental impacts such as water pollution, water use, land 
degradation or wastes should be considered. The study of a sustainable diet could be broadened 
and consider the social and economic aspects of sustainability. The study would be interesting 
to reproduce in different geographical locations with different type of diets and production 
patterns such as organic, local or seasonal types of production. 
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Table 1: Food composition of studied diets in Kg per person per year 
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Table 4: Summary of environmental impacts of studied diets per person per year 

Table 5: Summary of environmental impacts of studied diets of the Swedish population per year 

Figure 3: Food items with the highest environmental impact 

Figure 2: Most consumed food items per diets 
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Table 7: GHG emissions of studied diets in kilogram of CO2 equivalent per person per year 

Table 8: Land use of studied diets in square meter per person per year 

Table 6: Energy use of studied diets in megajoule per person per year 
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Table 9: Biodiversity Damage Potential of studied diets per person per year 

Table 10: Acidification of studied diets in gram of SO2 equivalent per person per year 

Table 11: Eutrophication of studied diets in gram of NO3 equivalent per person per year 
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