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Disclaimer  

NNR2022 has been tasked by the Nordic Council of Ministers to integrate sustainability into the 

food-based dietary guidelines and thereby contribute to their vision of making the Nordic Region the 

most sustainable region in the world by 2030.    

The draft background paper "Integrating sustainability into Food Based Dietary Guidelines – how 

far are we in investigating environmental sustainability of the Nordic diets" is now available for 

public consultation until March 24th at 1 pm. We welcome all relevant input, which will be 

considered by NNR2022 Committee and the authors of the paper. Please note that the current 

version is a draft, and that adjustments and improvements will be made, and missing data added.    

The present paper is one, in a series of five, background papers that will assist the NNR2022 

Committee when developing the NNR report. Two of these papers have already been announced for 

public consultation. The three remaining are now announced for public consultation.  

When developing sustainable food-based dietary guidelines, several major reports covering the main 

dimensions of sustainability, including the environmental, social and economic dimension will be 

considered, in addition to the background papers developed in the NNR2022 project.  

In the present paper, the NNR2022 Committee has presented an overview of the work done in the 

Nordics on environmental impact of foods and dietary patterns and on the development of FBDGs in 

the view of sustainability. The review has been developed by Ellen Trolle, Maijaliisa Erkkola, Hanna 

Eneroth, Thorhallur Ingi Halldorsson, Inga Thorsdottir, and Helle Margrete Meltzer (members of the 

NNR2022 Committee), and Jelena Meinilä as an external scientist. We would like to underline that 

we don’t consider this as the final version of the paper. We have done an extensive literature search 

on the subject. However, we may have not managed to find all the studies that would be relevant to 

be included in this paper. Therefore, we invite for input through this public consultation. 

This background paper, in addition to other relevant background papers and reports, will assist the 

NNR Committee when setting the dietary reference values/formulating the food-based dietary 

guidelines in the main NNR report.  The NNR2022 Committee has the sole responsibility for the main 

NNR report. 

Abbreviations/concepts 

 

The Nordics = the five Nordic countries = Denmark, Finland, Iceland, Norway, and Sweden 

The Baltics = the three Baltic countries = Estonia, Latvia, and Lithuania 

SDG: the UN Sustainable Developmental Goals (United Nations 2015) 

FBDGs: Food-based dietary guidelines 

NNR: Nordic Nutrition Recommendations 

NNR2022: the Nordic Nutrition Recommendations to be published in June 2023 

NND: New Nordic Diet 
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NRD: Nutrient Rich Diet 

GHGE: Greenhouse gas emissions 

Blue and green water: ‘Blue water´ is the liquid water in rivers, lakes and ground water. ‘‘Green 

water´ is the water that feeds the system as rain and forms soil moisture that is absorbed by plants 

(and then exhaled as vapour flow). 

CO2-eq.: CO2 Equivalents 

LCA: Life Cycle Assessment 

RCT: Randomised Controlled Trial 

FAO: Food and Agriculture Organization of the United Nations 

WHO: World Health Organization 

 

Integrating sustainability into Food Based Dietary Guidelines – how far are 

we in investigating environmental sustainability of the Nordic diets 

Abstract 
The overall aim of this paper is to provide knowledge to be used by the NNR2022 Committee for 
suggesting sustainable Food Based Dietary Guidelines (FBGDs) within the Nordics and Baltics. The 
paper gives an overview of the work done in the Nordics on environmental impact of foods and 
dietary patterns and on the development of FBDGs in the view of sustainability. Finally, we suggest 
methods for developing the national sustainable FBDGs in the Nordic and Baltic countries. For the 
present scoping review, literature searches regarding Nordic and Baltic studies on sustainability of 
diets and foods were conducted in August 2022 and complemented with additional relevant 
literature. The majority of the identified studies were from Denmark, Finland, and Sweden. The 
studies suggest that animal-based foods are the largest contributors to dietary greenhouse gas 
emissions (GHGE) and land use. Modelling, optimization, and intervention studies confirm the 
potential to reduce environmental metrics, like GHGE, by shifting towards a plant-based diet. 
Though a population-level shift towards plant-based foods would, generally, improve the nutrient 
profile of the diets, drastic changes, without supplementation, would risk not meeting the 
recommended intake of many critical nutrients such as vitamin B12, iodine, iron, and vitamin D. 
Failing to reduce environmental impacts predisposes the population to another kind of public health 
threat: the environmental crisis. We recommend maintaining nutritional adequacy and health based 
evidence regarding food intake and dietary patterns at the population level as a boundary for 
integrating the different aspects of sustainable development into the FBDGs. At the same time, it is 
necessary to investigate if national food fortification and supplementation strategies are needed to 
enable safe shifting to a plant-based diet that does not exceed the planetary boundaries. It is 
possible to develop FBDGs that support the transition to a healthier and more environmentally, 
socially, and culturally sustainable diet in all the Nordic and Baltic countries but solutions beyond 
nutrition recommendations are needed to ensure nutritional adequacy. 

 

Introduction  
The Food and Agricultural Organisation (FAO) and the World Health Organisation (WHO) have 

developed Guiding Principles for Sustainable Healthy Diets (FAO & WHO 2019). They are to be used 

by governments and other actors in policymaking and communications, and to be further translated 

into clear, non-technical information and messaging, such as official national food based dietary 
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guidelines (FBDGs). The Guiding Principles for Sustainable Healthy Diets are food based, and take 

into account nutrient recommendations while considering environmental, social/cultural, and 

economic sustainability.  

The principles are divided into three categories: health aspects (#1 - #8), environmental impact (#9 - 

#13), and sociocultural aspects (#14 - #16). Principle #14 advises to take food consumption patterns 

into account. Calculating the environmental impact, nutritional adequacy, and health impact of the 

whole diet – from different populations groups, from different dietary specifications, such as 

vegetarian or flexitarian diets, and, in particular, from the Nordic countries – is important in 

providing knowledge about future demands for food supply and the food systems. 

The overall aim of this paper is to provide knowledge to be used by the NNR2022 Committee for 

suggesting sustainable FBDGs within the Nordics and Baltics. The specific objectives are to provide 

an overview of the work done in the Nordics on the environmental impact of foods and dietary 

patterns and on the development of FBDGs in the view of sustainability. Furthermore, the paper 

will suggest methods for the development of the national sustainable FBDG (SFBDG) of the Nordic 

and Baltic countries. 

This is the third paper in a series of five background papers produced in the preparation for 

sustainability integration into the NNR report (all five papers are available at the NNR official 

consultation website, Helsedirektoratet 2023). In the current paper, all five papers are referred to as 

background paper 1, 2, 3 (current), 4, and 5. All papers will be submitted to a scientific journal after 

the public consultation.  Together, the publications aim to support national authorities in the future 

development of FBDGs, and their efforts as they work to transform food systems to support 

sustainable, healthy diets. 

 

Methods.   
The paper is based on existing scientific literature regarding Nordic and Baltic studies on the 

sustainability of diets and foods, complemented with snowball searches (literature, white papers, 

international and national reports). Furthermore, the existing FBDGs and their scientific background 

is presented. Additional searches for methods used in developing sustainable FBDGs were 

performed, including the use of mathematical programming. 

Web of Science searches for Nordic studies were done in August 2022 with the following search 

strings: Diet sustain* “country”, e.g.  Diet sustain* Denmark. The search for Denmark was conducted 

on August 19, 2022 and resulted in 516 hits, of which 120 (23%) were within the scope and xx (xx%) 

[numbers will be added in final publication] were included in the final paper. The search for Finland 

was performed on August 19, 2022 and resulted in 290 hits, of which 105 (36%) were within the 

scope and xx (xx%) were included in the final paper. The search regarding Iceland was performed 

August 5, 2022 and resulted in 34 hits, of which 32 were out of scope. Of the remaining two, one 

was an abstract from 2013, and one was a general review not covering Iceland specifically. The 

search regarding Norway was performed August 5, 2022 and resulted in 476 hits, of which 25 (5%) 

were within the scope. None of them covered estimations of the sustainability of the Norwegian diet 

as a whole. The search for Sweden was performed on August 21, 2022 and resulted in 526 hits, of 

which 162 (31%) were within the scope and xx (xx%) were included in the final paper. The search 

regarding Estonia was performed August 5, 2022 and resulted in 23 hits, of which all were out of 

scope. The search regarding Latvia was performed August 5, 2022 and resulted in 29 hits, of which 

27 were out of scope. The two remaining did not cover Latvian food intake. The search regarding 

Lithuania was performed January 25, 2023 and resulted in 42 hits, of which 39 were out of scope. 
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The three remaining did not cover Lithuanian food intake. The search results can be obtained from 

the first author (ET) upon request. Next, the core authors (ET, ME, HE, JM, HMM, ÞH, IÞ) reviewed 

country-specific results and complemented the search with national reports. The studies on 

environmental impacts of dietary patterns including the Nordic context are presented according to 

the research setting and methods used: i) observation studies, ii) modelling studies, and iii) 

intervention studies. Details of the reviewed studies are presented in Table 1. Other studies within 

the scope were referenced if they were relevant to the objectives of our paper. The manuscript was 

then opened for public consultation. During the consultation period, the manuscript was also sent to 

additional experts for further input.   

Sustainability footprints of dietary patterns in the Nordics  
Current diets in the Nordic countries 

In the Nordics, the latest national dietary surveys show that the current target amounts for meat, 

vegetable and fruit consumption are still far from being reached, especially for men (e.g. Bäck et al. 

2022, Warensjö Lemming & Pitsi 2022). The mean daily intake of meat and meat products varied 

roughly between 100 and 180 g/d, with higher reported intakes in men than in women (some of the 

differences may result from variation in the dietary surveying, food grouping, and calculation 

procedures in each country). In contrast, consumption of plant-based protein sources such as 

legumes and nuts is low. Country-specific features include high pork consumption in Denmark, lamb 

consumption in Iceland, fish consumption in Norway, and milk consumption in Finland (Warensjö 

Lemming & Pitsi 2022, background paper 4 ). In all countries, a lot of highly processed foods are 

consumed, which is reflected in a high intake of saturated fat and sodium. Food consumption and 

sustainability of food choices vary according to socio-demographic groups (e.g., Haario et al. 2022, 

Fishmen et al. 2016, Valsta et al. 2022). These include income level, education level, gender, and 

place of residence. The diet of those belonging to the highest education and income groups is, on 

average, closer to nutritional recommendations and the goals of a sustainable diet (e.g., Haario et al. 

2022; Fishmen et al. 2016, Valsta et al. 2022). 

Environmental footprint of the current dietary patterns in Nordics   
In recent Nordic studies, the GHGE of average diets, estimated from nationally representative 

samples, are typically on a range of 1500-2200 kg CO2-eq./y/person. For example, 2000 kg CO2-

eq./y/person in Sweden was estimated by Hallström et al. (2022), over 2200 kg CO2-eq./y/person in 

Finland by Saarinen et al. (2019), and 2044 kg CO2-eq./y/person in Iceland (unpublished). In some 

studies, GHGE was adjusted to a certain energy intake per day. For example, Trolle et al. (2022) 

reported 4.378 kg CO2-eq./10 MJ of the Danish diet, which equals 1740 kg CO-eq./y when daily 

energy intake is 10 MJ, while Bruno et al. (2019) GHGE of 4.35 kg CO2-eq./2000 kcal (based on food-

balance sheets on the Danish food consumption). Environmental impact estimates may not only 

differ due to varying food consumption patterns from the different Nordic countries and from 

different years and population groups, but also because of differing methodology, e.g., in the 

collection of food consumption data, choice of environmental footprint databases, and even system 

boundaries (see background paper 2) of the data. The majority of studies estimating environmental 

impacts of food consumption use process-based Life Cycle Assessment (LCA), which takes into 

account, for a specific food, all processes within the defined system boundaries. Some of the 

estimates do not include GHGE related to land use changes whereas others do. The majority of the 

GHGE in all countries were from meat and dairy. From the foods in the Nordic diets, meat and dairy 

have the largest contribution to the GHGE and several other environmental impacts of the diets 

(Moberg et al. 2020, Saarinen et al. 2019). 
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Two recent studies (Moberg et al. 2020, Hallström et al. 2022) assessed Swedish food consumption 

in relation to the global environmental boundaries by the EAT Lancet commission (Willett et al., 

2019). They found that the food consumption exceeded all but one planetary boundary (freshwater 

use), exceeding the boundaries for GHGE, cropland use, and application of nutrients by two- to more 

than four-fold and the biodiversity boundary by six-fold. For all boundaries, meat contributed 25% - 

45% of environmental impacts. When the global boundaries were compared to the national Swedish 

environmental objectives to identify local environmental concerns, it was found that the global 

indicators are sometimes too coarse to capture local impacts, such as the impact of eutrophication. 

As the average magnitude of climate impact of the food consumption in the Nordic countries seems 

to be somewhat similar, food consumption in all Nordic countries most likely exceeds several of the 

planetary boundaries (see Harwatt & Benton 2023).  

Some studies have evaluated GHGE of data-driven dietary patterns in Nordic countries. Mogensen et 

al. (2020) studied different self-selected dietary patterns and the role of beef in the diets. The 

amounts of beef in three of the patterns differed only little, ‘Traditional’ (beef 25g/d), ‘Fast-food’ 

(beef 28g/d), and ‘Green’ (beef 20g/d) (cooked weight), and a High-beef pattern (50g/d, cooked 

weight) was included as a comparison. Compared to Traditional, Green and Fast food, the High beef 

pattern had 12–19% higher GHGE and required 10-20% more land. In a Finnish study assessing self-

selected food purchase patterns and related carbon footprints, the plant-based purchase pattern 

made the smallest GHGE contribution of the total food purchases (Meinilä et al. 2022). In the highest 

10% of the plant-based pattern scores, i.e. those who strongly adhered to the plant-based pattern, 

the GHGE of the food purchases was 2400 kg CO2-eq./y, which was 13% smaller than the average 

GHGE (2750 CO2-eq./y), and 27% lower compared to those in the highest 10% of the animal-based 

purchase pattern score, i.e those who strongly adhered to the animal-based pattern. Although not 

directly comparable to studies using dietary intake data, this study suggests a slightly larger 

differences in GHGE between the most common, self-selected diets compared to the Danish study of 

Mogensen et al. (2020). The other patterns, including a pattern with strong adherence to ready-to-

eat meals and a pattern with strong adherence to foods with high energy content, had more average 

carbon footprints among the loyalty card owners. 

Vieux et al. (2020) studied the composition of self-selected diets that are nutritionally adequate and 

have low environmental impact. The aim was to find the best trade-off between nutritional quality 

and environmental impacts. They found the cluster that was considered the most sustainable had a 

carbon footprint of approximately 3.8 kg CO2-eq./d (1390 kg CO2/capita/y). A total of 25% of the 

Finnish participants were in this cluster. In addition, the mean age was 46 y, and the majority were 

women (62%). The more sustainable diet consisted of high consumption of plant-based foods: 

approximately 700 g/day of plant foods (vegetables and fruits, legumes, nuts and seeds, starchy 

foods and grains), 100 g/day meat, fish, or eggs, 250 g/day dairy, 250 g/day composite dishes, and 

220 g/day of beverages and miscellaneous foods. 

In the study of Mertens et al. (2019), the contribution of animal-sourced foods to total energy intake 

in an average Danish diet was 29% but their contribution to GHGE was 64%. In comparison, the 

contribution of plant-sourced foods (legumes, grains, fruits, and vegetables) to total energy intake 

was 60% and their contribution to GHGE was 19%. In a Swedish study (Hallström et al. 2022), the 

share of animal-based foods to total GHGE of the diet was 71% (for both men and women) and of 

plant-based foods 15% (men) to 18% (women). With respect to contribution of different food groups 

in Iceland, consumption of beef and lamb (49 g/day) contributed to 44% of total GHGEs, while 

consumption of seafood (45 g/day) and pork and poultry (49 g/day) contributed to 20%. Those with 

high adherence to plant-based or vegan diets had considerably lower GHGE with 2.7 kg CO2-eq./d 
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(or 0.39 kg CO2-eq./1-MJ) on average.  In Trolle et al. (2022) the share of GHGE from beef (52 

g/10MJ, raw and processed weight) in an average Danish diet was 18%, when applying the process-

based LCA data (attributional-LCA), but 45% when applying data using top-down input–output 

analysis, an economic method assuming a direct correlation between cost and environmental 

impact. The database relying on the top-down analysis, has higher values for beef and lamb but 

lower values for, e.g., several plant foods. In a Finnish study, 12% of the GHGE from total food 

purchases was from beef (Meinilä et al 2022). 

Discretionary foods, such as sugar, sweets, and beverages, have had a large contribution to GHGE in 

studies of the Nordic diets (19% in Trolle et al., 22 % in Saxe et al., 18% in Moberg et al. 2020). 

Regarding consumptive water use and extinction rate, studied by Hallström et al. (2022), plant-based 

and discretionary foods had a large contribution; together they were responsible for 70–77% of the 

total dietary impact on these indicators. The food groups driving the large impacts were coffee and 

tea among the discretionary foods and nuts and seeds among the plant-based foods. Discretionary 

foods also had a substantial contribution (30%) to the dietary impact on P application.  

Women and older individuals have had lower climate impact compared to men in several Nordic 

studies (Hallström et al. 2021, Valsta et al. 2022, Mertens et al. 2019, Trolle et al. 2022, Hallström et 

al. 2022). However, no gender difference was observable when adjusted for energy intake 

(Hallström et al. 2022, Mertens et al. 2019, Trolle et al. 2022). This suggests that the larger GHGE of 

men results from their larger energy requirement/intake. In Sweden and Finland, dairy had the 

largest climate impact among women and red meat had the largest climate impact among men 

(Hallström et al., 2021, Vieux et al. 2020). In the study by Hallström et al. (2021), GHGE was lower in 

older Swedish individuals whereas in the study by Mertens et al. (2019), both GHGE and land use per 

unit of energy increased with age in Danish individuals.  

Studies on water consumption of Nordic food consumption suggest that a large share of the water 

footprint of the current diets derive from foods such citrus fruits, and rice (Zucchinelli et al. 2021, 

Sandström et al. 2017), and in Denmark also from wine and olive oil (Zucchinelli et al. 2021). The 

water consumption happens almost entirely (>90%) outside the Nordic countries (Zucchinelli et al. 

2021, Sandström et al. 2017). In the study of Hallström et al. (2022), the current Swedish dietary 

pattern did not exceed the planetary boundary of water use.   

This paper concentrates on dietary pattern studies, which use environmental impact values for 

individual foods from several LCA studies. For example pork, poultry, eggs, milk, and beef in Sweden 

and Cederberg et al. (2009), beef in Denmark by Mogensen et al. (2016), pork in Denmark by Nguyen 

et al. (2011) and Dorca-Preda et al. (2021), fruits and vegetables in Denmark by Halberg et al. (2006) 

and Knudsen et al. (2011), vegetables in Sweden by Landquist et al. (2015), milk in Sweden by Flysjö 

et al. (2011), beef in Finland by Hietala et al. (2021), poultry in Finland by Katajajuuri et al. (2014) or 

rainbow trout in Finland by Silvenius et al. (2017), seafood in Norway by Ziegler et al. (2013), meat 

analogues by Mejia et al. (2020). 

Environmental impacts of dietary change in Nordic countries 
Modelling studies 

Pre-defined scenarios adhering to FBDGs  

Our review of Nordic studies (Table 1) shows that switching from the current Nordic diets to the 

current national FBDGs or to the diet meeting nutrient recommendations would reduce GHGE by 8-

45%. In addition to different baseline food consumption patterns in the Nordics, the large range is 

due to differences in methods and data, as illustrated in Table 1. Karlsson et al. (2018) gathered 
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policymakers and stakeholders from Denmark, Finland, Norway, and Sweden to develop a future 

food vision for those Nordic countries. A future food vision emerged through an iterative process 

with formulating and visioning that sought to provide complete diets for the estimated future 

population of 37 million in the Nordic countries, resemble current regional eating patterns, and fulfil 

the NNR (Nordic Council of Ministers 2014). The vision was based on local production of organic 

food and the amount of livestock production depended on available forage and perennial 

grass/clover mixtures and by-products from food production. The consumption of meat had to be 

reduced by roughly 80%, and additional cereals, grain legumes, and vegetable oil had to be 

cultivated and incorporated into diets. The scenario diet caused the use of 0.21 ha/capita of 

agricultural land and caused GHGE of 0.48 tCO2-eq./y. The modelled diet did not meet NNR for 

vitamins A and D, riboflavin, iodine, iron, and selenium. In Finland, GHGE could be reduced by an 

average of 27% for men and 15% for women, if diets were changed to comply with the current 

recommendations for nutrient intake (Valsta et al.n  2022). 

Trolle et al. (2022) studied the change in GHGE when transitioning from the current Danish diet to a 

plant-rich diet adherent to the Danish FBDGs and demonstrated a 31% reduction in GHGE when 

applying attributional LCA data and 45% reduction when applying top-down consequential LCA data. 

The plant rich diet consistent with the Danish FBDGs, which accounted for current food culture and 

local food availability (e.g., including only few fortified products), would be nutritionally adequate 

within the age range of 6–65 years, except for vitamin D and iodine (Lassen et al. 2020). Compared 

to the current diet, the total amount of meat in the plant-rich diet was about a third (Trolle et al. 

2022). Saxe et al. (2013) compared GHGE of production of diet adherent to the NNR and the New 

Nordic Diet (NND), which is based on locally and organically produced Nordic foods. NNR and NND 

include less meat and more fruits and vegetables compared to the average Danish diet. The GHGE 

from NNR was 8% lower and from NND 7% lower compared to the average Danish diet. In a Swedish 

study, GHGE was reduced by roughly 20% if consumption followed nutritional guidelines (Martin & 

Brandão, 2017). The modelling illustrated that, in general, organic foods do not have a lower impact 

on GHGE. The scenario with 100 % organically produced foods, however, showed reductions in 

ecotoxicity, human toxicity, and impact on biodiversity. Finally, a scenario with a 30% increase in 

foods produced in Sweden showed reduced environmental impact in nearly all categories (Martin & 

Brandão, 2017). In nine Nordic cities, the freshwater resources of modelled diets constructed to 

follow the NNR 2012 led to a lower water footprint compared to the current diet in each city 

(Vanham et al. 2017). The differences were attributable mainly to reductions in meat and dairy 

products. A global comparison by Springmann et al. (2020, data sources described in background 

paper 2 iHelsedirektoratet 2023) demonstrated that if all Nordic countries adopted their latest 

national FBDGs, the maximum GHGE reductions would be 32%, and for adopted EAT-Lancet diet 76% 

respectively, with moderate certainty of evidence. In the Nordic countries, the modelled reductions 

were largest in Iceland. 

Meat and fish scenarios 

A reduction in meat consumption is generally associated with reductions of environmental impacts 
(e.g., Wallén et al. 2004, Martin and Brandão 2017, Saarinen et al. 2019, Röös et al. 2020). In the 
Finnish diet scenarios compatible with nutritional requirements by Saarinen et al. (2019), the fish 
scenario (meat replaced with fish, see Table 1) predisposed the least to nutritional concerns and 
produced a 30% reduction in GHGE. The diets with half and a third of the current meat consumption 
(142 g/d) did not meet the recommended intake of DHA, iodine, and vitamin D but reduced GHG by 
13% and 19%, respectively. Valsta et al. (2022) modelled diets where either ⅓ or ⅔ of the meat and 
dairy was substituted with fish and plant-based protein sources, and fruit and vegetable 
consumption increased to account for 500 g/d of the total intake. These changes would decrease 
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GHGE by 50% and by 60%, respectively, when combined with strong national restrictions to reduce 
the cultivation of peat fields, the main contributor of GHGE in the Finnish food system. Without peat 
field changes, the GHG reductions would be only 10%. Overall nutrient intake improved in both men 
and women, but a low intake of several nutrients was observed. Women were more vulnerable to 
insufficient intake of nutrients compared to men, e.g., for iron and folate. In a Swedish study, Röös 
et al. (2020) explored a scenario in which meat consumption was reduced by 50% and replaced by 
domestically grown grain legumes (55 g/d). The transition would maintain nutrient intakes within 
the NNR and greatly improve intakes of fiber and folate. The climate impact (−20%) and land use 
(−23%) of the Swedish diet as well as the need for N fertilizer and the N load from wastewater plants 
would be reduced. In the novel approach of Irz et al. (2018) simulated GHGE impacts of modest 
curtailing consumption of all meat was -0.6%, red meat - 0.8%, and that of increased fish 
consumption - 0.2% (Table 1). 
 

Vegetarian and vegan scenarios 

Vegetarian and, especially, the vegan diets, have consistently been shown to cause the least 

environmental burden in the Nordic modelling studies (e.g. Martin & Brandão 2017, Risku-Norja et 

al. 2007, Bruno et al. 2019, Saarinen et al. 2019, Springmann et al. 2020) (Table 1). Bruno et al. 

(2019) studied the GHGE of carnivore, vegetarian and vegan diet scenarios where animal-based 

products were replaced with pulses, beans, peas, and nuts. The GHGEs were largest for the carnivore 

diet (1.83 t CO2-eq./y), followed by vegetarian (1.37), and vegan diet (0.89). The production phase 

was the most important contributor to the GHGE values of foods (65–85%). Saarinen et al. (2019) 

demonstrated that the largest reduction of GHG, 37%, was a result of shifting from the current diet 

to a vegan diet. In a Swedish study, the reduction was even larger; roughly 40% and 70 % when 

changing to a vegetarian and vegan diet, respectively (Martin & Brandão, 2017). However, the vegan 

diet deviated from several nutrient recommendations (Saarinen et al. 2019) and slightly increased 

terrestrial ecosystem toxicity and human toxicity (Martin & Brandão, 2017). In addition to reducing 

GHG and acid emissions, vegetarian options also reduced the total environmental burden: land use, 

acid emissions, fuel and electricity consumption, the total material requirement of the diets (Risku-

Norja et al. 2007) and resulted in the largest reductions in water footprint (Vanham et al. 2017).  

The consumption of completely vegetarian food would increase agricultural imports (Risku-Norja et 

al. 2007). However, imports would increase less if local and regional plant-based alternatives with 

good environmental sustainability were made available (see paper 4, Helsedirektoratet 2023). 

Springmann et al. (2020) demonstrated that in the Nordic countries, the maximum GHG reductions 

would be 85% for shifting to pesco-vegetarian, 85% for vegetarian, and 91% for vegan diet. In the 

vegetarian or vegan scenarios, riboflavin remained low, and calcium and vitamin B12 fell below 

recommended values and should be supplemented to attain the recommended value (Springmann 

et al. 2018).  

Optimization studies 

Using data from five European countries, including the national dietary surveys from Finland and 

Sweden, Vieux et al. (2018) studied what dietary changes are needed to reduce the GHGE of diets, 

while maintaining nutritionally adequacy (Table 1). Diets following a stepwise reduction of carbon 

footprint (10% steps) were modelled using linear programming. Changing the current diet to a diet 

that meets the recommended daily intake of nutrients would increase GHGE in women by 42% and 

decrease GHGE in men by 18%. Minimizing GHGE while still meeting the recommended daily intake 

of nutrients could decrease GHGE in women and men by 75%–78%. The main contributor to GHGE 

was meat in all observed diets, except the diets of Finnish women for whom the main GHGE 
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contributor was dairy. To reduce GHGE, the amount of plant-based foods needed to increase. Using 

the same modelled diet and environmental impact datasets, Cobiac & Scarborough (2019) studied 

the health co-benefits of diets with low GHGEs. They found that adherence to recommended 

nutrient intake without GHG reduction could lead to averted disability adjusted life years (DALY) of 

2.3 months (95% uncertainty interval: 2.1–2.6) in men and 1.6 months (1.3–1.8) in women. A 

stepwise reduction in GHGE (10%) while meeting recommended daily intake of nutrients, 

consistently increased the averted DALYs in men and in women. These reductions in GHGE and 

DALYs would require substantial changes in the current diets. Mazac et al. (2022) modelled 

sustainable European diets using the EFSA Comprehensive Food Consumption Database compiled 

from 34 national food consumption surveys (n = 66,492 individuals) in 22 European Union countries 

(Table 1). The aim was to optimize diets that meet the recommended daily nutrient intakes, as well 

as minimize environmental impacts (GHGE, land use, and water use). The study included linear 

programming optimizations separately for minimizing GHGE, land use, and water use. All of the 

impact categories were minimized to produce a vegan diet, an omnivorous diet (i.e. no restriction 

for animal-based food intake), and a diet with novel/future foods, such as cultured meat and 

ovalbumin. The food composition of the diets was different depending on which of the 

environmental impacts were minimized, but all with large deviation from the current diet. All of the 

environmental impacts decreased (up to 80%) with and without novel foods. Fortified liquid plant-

based products increased in the optimized diets to meet calcium and vitamin D requirements. 

Nevertheless, the vegan diet did not meet the recommended daily intake of some nutrients. 

Using a mathematical benchmark optimization method, Mertens et al. (2021) identified diets with 

improved nutrient quality and environmental impact within the boundaries of dietary practices. The 

diets in four European countries, including Denmark, were optimised for existing dietary 

preferences, nutrient quality, and environmental impact, and then evaluated using the Nutrient Rich 

Diet score (NRD15.3), diet-related GHGE, and a diet similarity index that quantified the proportion of 

food intake that remained similar to the observed diet. When environmental impact was prioritised, 

NRD15.3 was ~9 % higher, GHGE was ~21 % lower and ~73 % of food intake remained similar. This 

required consumption of red and processed meat to be partly shifted to either eggs, poultry, fish, or 

dairy. The diet with the highest nutrient quality did not result in a lower GHGE, whereas the diet 

with the largest improvement in GHGE resulted in a win–win for both health and the environment. 

When all the meat in the previous scenarios was substituted by similar use of meat replacers, the 

GHGE reduction was 24-39%, and on average an additional 3% with fortified meat replacers 

(Mertens et al. 2020). Vitamin B12 inadequacies decreased in some scenarios, since diets that 

originally had a small amount of meat consumption now included the vitamin B12-rich meat 

replacers. 

Applying Finnish data, Valsta et al. (2022) performed mathematical optimization to model 

nutritionally optimal diets with 33% or 50% reduction in GHG. The deviations of the food intakes 

from the current food intake were restricted in the optimization models. Both approaches suggest 

that meat consumption should be decreased and substituted with vegetables, fruits, legumes, and 

grains. Jalava et al. (2014) modelled diets with stepwise reductions in animal-protein intake and 

optimized these to meet the nutrient recommendations and to minimize changes in the diet. The 

results for Europe, excluding East European countries, found that, compared to the current diet, the 

diet following dietary recommendations reduced the total water use by 13%, whilst the diet without 

meat decreased the total water footprint by 30%. In Finland, the optimized diets increased blue 

water use, whereas green water use decreased. The increase in the blue water consumption is the 

result of a shift between food groups; cereals have a higher blue water footprint than animal 
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products. The larger the reduction in animal-based foods, the larger the increase in blue water and 

decrease in green water use. 

An optimization by linear programming was done based on foods and drinks supplied to Swedish 

schools (Eustachio Colombo 2019, Elinder et al. 2020). In a holistic approach, GHGE was first 

mathematically minimized while simultaneously integrating aspects of health, affordability, and 

acceptability. Models were all nutritionally adequate but differed in GHGE and constraints of specific 

foods were evaluated. The authors concluded that moderate changes were needed to achieve lower 

GHGE from the food supply to school lunches that were omnivorous, nutritionally adequate, and 

affordable. There is indeed a trade-off between lowering the climate impact and maintaining a 

supply to schools that the pupils are familiar with. 

Intervention studies 

According to a randomised controlled trial and using a whole-diet approach (Päivärinta et al. 2020), 

the partial replacement of animal-source proteins with plant-source proteins affects the climate 

impact (GHGE), nutrition, and health outcomes of the adult Finnish diet. Effects were already 

observed when the ratio of animal and plant protein sources was altered from the Finnish average 

70:30 to 50:50 (-20% kg CO2-eq./d) and were even more visible when the ratio changed to 30:70 (-

39% kg CO2-eq./d), (Natural Resources Institute 2021). The reduction is significant given the change 

in diet would be relatively easy to implement. However, the individual differences within the diet 

groups were large. The climate impact of an individual with a 70:30 diet could be even lower than 

that of an individual with a plant-based 30:70 diet, depending on the food choices. There were 

several health promoting changes, such as an increased fibre intake and improved dietary fat quality 

and blood lipoprotein profile (Päivärinta et al. 2020). However, some adverse effects were also 

detected and potential risks identified. These included increased markers of bone resorption and 

formation, which indicates a possible risk for bone health (Itkonen et al. 2021), and markedly 

reduced intake and status of vitamin B12 and iodine (Pellinen et al. 2022). It is noteworthy that the 

participants were not allowed to use dietary supplements, nor were the foods and drinks offered 

supplemented with the assessed nutrients, except for iodized salt as an ingredient in bakery and 

industrial products. 

In a system-level pilot study by Elinder et al. (2020) and an intervention study by Eustachio Colombo 

et al. (2020) optimized menus were tested in Swedish primary schools. All optimized solutions were 

omnivorous; i.e., they included both plant and animal products, such as eggs, milk or fish. Food lists 

were 28% (Elinder et al. 2020) and 40% (Eustachio Colombo et al. 2020) lower in GHGE, met all 

nutrient recommendations for school meals, and cost less compared to baseline lists. Plate waste, 

serving waste, consumption and school lunch satisfaction did not differ significantly from baseline 

diets. 

 

Sustainable Food Based Dietary guidelines in the Nordic countries 
 

The 16 guiding principles related to sustainable healthy diets are divided into three categories: 
health aspects, environmental impact and sociocultural aspects (FAO and WHO 2019). FBDGs 
provide advice on individual foods, food groups and dietary patterns aimed at the general public to 
promote overall health and prevent chronic diseases (FAO 2022a). Also, Bechthold et al (2018) 
suggested to take environmental sustainability into account in the development of FBDGs. Eight 
aspects were identified: diet-health relations, nutrient supply, energy supply, dietary habits, 
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sustainability, food-borne contaminants, target group segmentation, and individualization. They 
concluded that the first 4 had already been widely applied in existing FBDGs; the others had almost 
never been taken into account. Similarly, a qualitative content analysis by Mazac et al. (2021) using a 
framework with five interconnected core domains: health and nutrition, food security and 
agriculture, markets and value chains, sociocultural and political, and environment and ecosystems, 
concluded that FBDGs are more focused on the health and nutrition domain than the others.  

In the NNR2012, FBDGs focused on plant-based foods (Nordic Council of Ministers 2014). They also 
recommended low-fat dairy products and fish, as well as limiting the consumption of processed 
meat, red meat, added sugar, salt, and alcohol. Environmental sustainability was discussed in a 
separate chapter, with an estimate that a shift in the current Nordic diet towards the FBDGs would 
result in substantial changes towards lowering GHGE.  

The degree to which environmental sustainability is included in current national FBDGs differs 
between the Nordic countries. All countries use the NNR 2012 as a basic reference in combination 
with other country specific reports. The ‘Norwegian guidelines on diet, nutrition and physical 
activity’ (Helsedirektoratet 2014) are health-based, developed from systematic review of the 
scientific evidence. Emphasis is placed on results from epidemiological studies, 
biological/mechanistic studies, and clinical trials. Only when the overall evidence is characterized as 
convincing or probable, is it used as a basis for dietary advice (Norwegian Nutrition Council 2011) as 
well as the ‘NNR 2012’ (Nordic Council of Ministers 2014). 

In Finland (National Nutrition Council 2014) and Iceland (Directorate of Health 2014; 202121), the 

FBDGs are mainly based on NNR2012, which is health-based and includes the additional 

sustainability advice from NNR. In the Finnish FBDGs, the sustainability perspective is included as a 

separate chapter in all current nutritional recommendations. The FBDGs provide examples of 

preferable sustainable food choices that are based on the sustainability chapter in the NNR 2012 

(2014). They emphasize the consumption of vegetables, root vegetables, potatoes, berries and 

fruits, domestic legumes and cereal products, and wild water fish. In addition, they suggest favouring 

rapeseed oil and margarine over other fats and oils and tap water over bottled water. It is also 

mentioned that beef production contributes the most to climate change and eutrophication, 

however, with a notice that adequate production of cattle is essential for milk production and its 

downstream products. The Icelandic FBDGs encourage people and families to reduce food waste by 

organizing food purchase and cooking to maintain a healthy diet and minimize food waste and 

thereby support the environment (Directorate of Health 2014; 2021). Further, the general Icelandic 

FBDGs explain how increased consumption of plant-based foods and decreased consumption of 

animal products will support less GHGE and protect the environment. 

The Swedish FBDGs (Swedish Food Agency 2015) have a strong focus on environmental dimensions. 
The basis for environmental sustainability integration of the guidelines in 2015 was the inclusion of a 
sustainability chapter in the NNR 2012, and experiences from previous attempts to include 
sustainability in the Swedish guidelines. The development of the guidelines was carried out in 2014-
2015 in collaboration with different stakeholders through a reference group with representatives 
from other governmental bodies, such as the Public Health Agency, the Swedish Board of Agriculture 
and research centres. Open hearings were conducted with experts in the fields of public health and 
nutrition, the food industry, consumer associations and patient organizations, as well as 
consultations with the public. The guidelines were piloted with consumers to ensure comprehension 
in terms of message content, language, and choice of images. The Swedish FBDGs include advice and 
handy tips to make it easier to adopt successful eating habits that are sustainable for both the 
individual’s health and the environment.  Within the text of each food group there is guidance on 
the sustainability of the diet, e.g., regarding the environmental impact (vegetables and whole grain) 
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or how to choose sustainable products (fish). Both positive and negative impacts on the 
environment are showcased (dairy products). The FBDG also provides guidance on the advantages of 
organic products. 

The most recent official Danish FBDGs (“- good for health and climate”) (The Danish Veterinary and 
Food Administration 2021) was based on scientific literature that combined both the evidence for 
associations between intake of foods (food groups as well as dietary patterns) and risk of disease 
(health based) and literature-based evidence for environmental footprints of foods and dietary 
patterns (Lassen et al. 2020a;2020b). The health evidence was mainly based on the Danish review 

(Tetens et al. 2013), which was based on the comprehensive work from Norway (Norwegian 
Nutrition Council 2011) and supported by newer systematic reviews. Based on the evidence 
reviewed and the suggested ranges for selected food groups from the global reference diet by the 
EAT-Lancet committee (Willett et al. 2019), a plant-rich diet, nutritionally adequate diet was 
modelled (Lassen et al. 2020a;2020b). In addition, NNR 2012 (2014) was also included as background 
material. 

The evidence report formed the scientific basis of the development process that decided how to 
communicate the FBDGs. This process involved workshops and dialogue with a broad range of 
stakeholders, including the Danish Ministry of Food, Agriculture and Fisheries, the Danish Ministry of 
Climate, Energy and Utilities, the Danish Health Authority, the National Food Institute at the 
Technical University of Denmark, consumer organizations, non-governmental organizations, food 
retailers, and the food industry. The development process also included a pre-test of understanding 
and interpretation of the dietary guidelines among Danish consumers. The developing process is 
described in more detail below. 

Comparison of FBDGs of the Nordics 

In all Nordic countries, the FBDGs are advised as 7-12 main dietary messages (see appendix 2), which 

are explained and quantified in a supplementary text. All mention variation, either as an overall 

principle or within specific food groups, such as vegetable, fruits and berries, and fish. Physical 

activity is promoted, either in a heading or mentioned as a basis for the FBDGs. Also, advice of not 

eating too much and limiting or reducing food waste is included. In addition, it is recommended to 

choose products with the keyhole label or the heart symbol (Finland and Norway). The FBDGs of the 

Nordic countries provide advice regarding the different food groups included in table 2. 

All countries promote more fruits, berries and, especially, vegetables. The amount for all countries is 

500 g/d, except Denmark (600 g/d). The supplementary advice varies. Denmark emphasises dietary 

fibre containing vegetables, dark green vegetables, and red/orange vegetables, which are important 

in the plant-rich diet (with a low content of meat). All countries promote vegetable oils, potatoes 

(except Finland), and whole grains, though in slightly different means and amounts. In Finland, at 

least half of the recommended daily consumption of cereal products (3/6 servings for women and 

about 4.5/9 for men) is to be whole grains. The fibre content in bread should be at least 6 g/100 g. 

All FBDGs include around 30 g of nuts. All countries also promote fish, with a target amount between 

300-450 g/week, except for Denmark (350 g/week). All FBDGs include advice on reducing 

discretionary foods (sugar-rich, high energy density foods, sweet beverages, alcoholic drinks, chips, 

and other snack products) and on reducing intake of salt and saturated fat. 

The main differences between the Nordic countries are seen for meat, milk, and pulses (or legumes). 
Regarding meat, in Denmark the focus is on total meat (“Eat less meat – choose legumes and fish”) 
as well as emphasizing the reduction of red meat and, in particular, ruminant meat and processed 
meat, with a recommended maximum total meat amount of 350 g/week. This is both health-based 



NNR2022 – public consultation – February 2023 

13 
 

and would reduce the environmental footprint. The other countries focus on red and processed 
meat (mainly for health-based reasons, max 500 g/week) but give additional advice on reducing 
ruminant meat. Supplementary advice encourages preference of low fat and low salt products. 

All FBDGs include low fat varieties of milk and dairy, but the definition and the amounts differ from 
2,5 dl +20 g cheese in Denmark to 5 to 6 dl + 2-3 slices of cheese in Finland. Finally, all FBDGs 
encourage to eat pulses (or legumes), but only Denmark provides a target amount of 100g (cooked) 
pulses, defined as dried or ripened beans, peas, and lentils – not fresh green peas and green beans. 

 

Table 2. Overview of the current FBDG in the Nordics, amounts for specific food groups. 

 Denmark  

2021   

Finland  

2014  

Iceland  

2014+later 

adjustments  

Norway   

2014  

Sweden  

2015  

Vegetables, 

fruit, and 

berries /day  

600 g  At least 500 g  > 500 g  At least 500 g   Eat a lot   

500 g  

Potatoes  100 g/d, 

suggested  
not mentioned  not included, 

encourage to 

eat   

not included, 

encourage to 

eat   

not included, 

encourage to 

eat   

Pulses 

(legumes)  
100 g/d 

(cooked)  
included in veg, 

fruits, berries  
included in veg, 

fruits, berries  
encourage to 

eat   
included in veg, 

fruit, berries  

Nuts (and 

seeds) /day  
30 g  

+1-2 

tablespoons 

seeds  

30 g  

(2 tablespoons) 

unflavoured  

30 g  not included, 

encourage to 

eat 1 handful 

unsalted  

2 tablespoons  

Whole grain 

/day  
 At least 75 g  At least 3 

(women) to 4.5 

(men) portions  

At least 2 

portions                  

(70 g)  

70-90g  70-90g  

Fish and 

seafood / 

week  

350 g (200 g 

fatty fish)  
2-3 times (200-

450 g)  
2-3 times, incl. 

fatty fish once a 

week, in all 

correspond 

300-450 g  

300-450 g  

(200 g fatty fish)   

2-3 times  

Meat and 

meat 

products / 

week  

Max 350 grams 

(all meat)  
not more than 

500 g of cooked 

red meat 

corresponding 

to 700-750g of 

raw meat  

< 500 g red 

meat and 

processed red 

meat   

Max 500 grams 

red meat and 

processed red 

meat  

Max 500 grams 

red meat and 

processed red 

meat  
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Milk and 

dairy 

products / 

day  

250 ml/day + 20 

g cheese  
5-6 dl of liquid 

milk products 

(max 1% of fat) 

and 2-3 slices of 

cheese (max 

17% of fat)  

2 portions or 

500 g low fat 

and without 

added sugar  

3 portions (low 

fat), e.g. 4 dl 

milk and 20 g 

cheese  

2-5 dL  

Fats and oils  Vegetable oils 

rather than 

hard fats as 

butter and 

coconut oil  

Choose plant-

based 

margarines 

(min 60% of fat) 

and vegetable 

oils  

<10E% SFA 

Vegetable oils 

rather than 

hard fats as 

butter 

margarine and 

coconut oil  

Choose 

margarine and 

oils, not butter  

Choose 

margarine and 

oils, not butter  

Beverages   water  Preferably 

water  
water  water     

Sugar 

containing 

foods and 

drinks  

Limit the intake. 

Max. intake 

defined age / 

gender groups  

Not regularly  <10 E% from 

added sugar. 

Limit intake of 

sweets  

Limit the intake. 

<10E% from 

sugar  

Limit the intake. 

DK Fr+veg: at least half veg, choose high fibre veg, dark green veg, and red and orange veg.  Berries incl. in fruits 

Fin Fr+veg:  5-6 portions per day (about one half berries and fruits and another half vegetables). Portion: a medium-sized 

piece of fruit, 100 ml of berries, or 150 ml of salads or grated vegetables. 

DK wholegrain, preferable more  

Fin Cereals: Six portions for women and nine for men daily with at least one-half whole grain. One portion means 100 ml of 

cooked whole grain pasta, barley, rice or other grains side dish, or one slice of bread. 

 

All countries have published additional FBDGs for various population groups with specific nutrition 

needs, e.g., regarding diet in infants and children (e.g. National Nutrition Council 2018), pregnant 

and lactating women, and elderly. Guidelines for professional kitchens, e.g., geriatric homes, day 

care, and schools (e.g. National Nutrition Council 2017), are also published. Moreover, general 

guidelines have been issued for vegans in Norway (Nasjonalt råd for ernæring 2021), and for vegan 

young children in Iceland as well as pregnant and lactating vegan women (Directorate of Health 

2022a; 2022b), and for vegetarian diets in Denmark (The Danish Veterinary and Food Administration 

2021)  

Different approaches for developing FBDG  

Recent studies have investigated the methodology to assess the sustainability characteristics of diets 

when developing FBDGs. In the period from 2011 to 2019, environmental sustainability aspects have 

been included in FBDGs in several countries. A study based on a FAO/WHO review identified 12 sets 

of FBDG. Of these 12 FBDGs, 11 were applied for individual countries (including Sweden) and one 

referred to NNR2012 representing all Nordic countries except Sweden, although national FBDGs 

exist in all the Nordic countries (Perignon & Darmon 2022). Based on examples of studies aiming at 

identifying more sustainable diets four developing approaches were suggested: 

“Approach 1. Evaluation of the sustainability characteristics of hypothetical diets (a priori scenarios). 

Many studies on sustainable diets have focused on a priori–designed hypothetical diets. Their 

sustainability characteristics are generally evaluated by comparing them with an average actual diet. 
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Those theoretical diets are designed according to various scenarios, such as the fulfilment of official 

dietary recommendations or the adherence to traditional dietary patterns. More radical scenarios 

simulate the exclusion of entire food categories (eg, pesco-vegetarian, vegetarian, and vegan diets). 

Other scenarios involve food substitutions supposed to lead to more sustainable diets (e.g., 

replacement of ruminant meat with poultry or dairy products; total or partial replacement of meat 

or animal products with plant-based food). 

Approach 2. Evaluation of the sustainability characteristics of existing diets (univariate 

epidemiological approach. In this second type of methodology, the studies use an epidemiological 

approach by analysing diets self-selected by individuals, based on daily food intake declared at the 

individual level in food consumption surveys or cohorts. 

Approach 3. Identification of diets more sustainable than others among existing diets: the positive 

deviance approach. This approach is based on the principle of positive deviance, according to which 

some individuals adopt “positive” (or beneficial) behaviours, although the constraints to which they 

are submitted and/or the context in which they live should lead them to adopt a “negative” 

behaviour, like the majority of individuals in the same population. The term “positive deviance” 

reflects the fact that the method aims at identifying “deviant” behaviours (ie, practices that are 

different from the ordinary behaviours), but positively deviant, as they lead to a better outcome – 

increased sustainability in the present case.  

Approach 4. Design of more sustainable diets with constrained optimization. Diet optimization aims 

to find the optimal combination of foods for a population, a subpopulation, or an individual that 

fulfils a set of constraints (e.g., in terms of food items, nutrients, cost, GHGEs, and other 

environmental impacts), while optimizing (minimizing or maximizing) an objective function (eg, cost, 

calories, GHGEs, deviation from an existing diet).”(Perignon & Darmon, 2022). 

Based on Approach 1 the food composition of the chosen diets that should form basis of the FBDG is 

defined. In approach 2, the existing diets are classified on the basis of one criterion e.g., by level of 

nutritional quality or by level of ruminant meat content (or by GHGE level). Comparison between 

classes of existing diets is then used for identifying the food composition that forms basis for setting 

FBDGs. In approach 3, the comparison of deviant diets and identification and description of the food 

composition of the positive deviant diet form basis of the FBDGs. Finally, in approach 4, the 

optimization modelling will provide food composition of diets, depending of which constraints the 

modellers have chosen to include. 

Perignon and Darmon (2022) present the advantages and limitations of the four approaches, as 

shown in Table 3. Data requirements vary between the four approaches. Demand for food 

consumption data varies across the four approaches; either average data or individual food 

consumption data from national dietary surveys or other surveys or average data from other 

sources, e.g. food balance sheets or food purchase data are needed. The need also varies with the 

nutritional content data of the foods eaten in a certain country, as well as with the environmental 

impact data of individual foods and diets, e.g. one or preferably more of the following environmental 

impacts: CO2-eq., land use, water use, N and P use, and the impact of human toxicity and 

biodiversity. 

Besides the dimension of health and nutrition, and various parts of environmental sustainability, the 

possibility of taking cultural acceptability and affordability into account and the ease of 

communicating the results into FBDGs vary between the approaches in accordance to the authors. 
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The authors conclude that the main advantage of approach 1 “lies in the ease of its implementation 

— in particular, since it does not require data on individual food consumption — and the ease of 

communication of the results. However, it encompasses important drawbacks: in particular, 

improvement in the sustainability characteristics of such predefined diets is not ensured, and they 

may even be impaired, and cultural acceptability is poorly considered. Approach 2 consists of 

assessing the sustainability of existing diets; in this way, it better considers cultural acceptability. A 

main strength of this epidemiological approach is the way it enables the study of compatibility of the 

various targets, highlights trade-offs between the various sustainability dimensions, and explores 

how food groups – or any other determinants – contribute to the variability of a sustainability 

dimension. However, it relies on the availability of individual food consumption data, and allows the 

improvement of only one dimension of sustainability to be studied, without ensuring improvement 

in the others. With approach 3, the aim is to select, from among the existing diets, the ones that 

simultaneously fulfil several sustainability criteria; with this approach, the magnitude of the 

achievements can be too small. Approach 4 allows different sustainability goals to be fulfilled 

concurrently, and avoids impairing some dimensions in favour of others. Notably, this is the only 

approach able to ensure nutritional adequacy. However, though such methodology can minimize the 

deviation from current diets, cultural acceptability is not ensured.”  

 Table 3. Advantages and limitations of different approaches for developing FBDGs 

 Approach 1 Approach 2 Approach 3 Approach 4 

Principle Assessment of 
sustainability 
characteristics of 
hypothetical diets 

Assessment of 
sustainability 
characteristics of 
existing diets 

Identification of 
existing “positive 
deviants” 

Design of more 
sustainable diets with 
constrained 
optimization 

Advantages Ease of implementation: 
no need of individual 
food consumption data 
• Ease of communication 

Better consideration of 
cultural acceptability 
• Better understanding of 
trade-offs between 
sustainability dimensions 

Better consideration of 
cultural acceptability 
• Achievement of several 
sustainability criteria 
simultaneously 

Good understanding of 
trade-offs between 
sustainability dimensions 
• All targets met 
simultaneously 
• The only approach able to 
ensure nutritional adequacy 
• Can be applied to different 
types of dietary data 

Limitations No consideration of 
cultural acceptability 
• Improvement of 1 
sustainability dimension 
does not ensure 
improvement of the 
others 
(e.g., improving nutritional 
quality does not 
necessarily mean improving 
environmental impact) 

• Within 1 dimension, 
improvement of 1 
characteristic does not 
ensure improvement 
of the others (e.g., 
improving GHGE does not 
necessarily mean improving 
other environmental 

impacts) _Improved 
sustainability is not 
ensured 
• No consideration of 
other diets that could be 
more sustainable 

Requires food 
consumption data at the 
individual level 
• Improvement of 1 
sustainability dimension 
does not ensure 
improvement of the others 
• Within 1 dimension, 
improvement of 1 criteria 
does not ensure 
improvement of the others 
(e.g. improving GHGE does 
not necessarily 
mean improving other 
environmental impacts) 
_Improved sustainability is 
not ensured 

Requires food consumption 
data at the 
individual level 
• Within 1 dimension, 
improvement of 1 
characteristic does not 
ensure improvement of 
the others (e.g. reducing GHGE 

does not necessarily 
mean improving other 
environmental impacts) 

• Magnitude of 
improvements might be too 
small 
(e.g. improving nutritional 
quality does not mean 
reaching nutritional adequacy; 
reduction of GHGE 
might be modest …) 

• No diet may be found 
when too many 
sustainability criteria are 
considered. 

When targets are too severe 
or incompatible: no solution 
(or unrealistic solutions) 
• limiting deviation from 
existing diets cannot ensure 
acceptability  
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The developing process in Sweden, Finland, Iceland, and Norway is mostly adherence to approach 1, 

where the FBDG is mainly based on the recommended dietary changes of NNR 2012. Since NNR 

2012 is partly based on approach 2, a combination of approach 1 and 2 could be ideal.  The 

developing process in Denmark has made use of a combination of approach 1, 2 and to ensure 

nutrient adequacy in addition a simpler modelling of average food consumption data than the 

mathematical optimization in approach 4, as illustrated in Figure 1. 

  

 

Figure 1.  The modelling process of developing The Danish plant rich diet behind the official Danish 

FBDGs (Kindly provided by the team behind Lassen et al 2020a and b) 

 

Framework for evaluating FBDGs focusing of five domains of sustainability 

Several papers underline that sustainable FBDGs should integrate more dimensions than health and 

nutrition, and environmental sustainability. Mazac et al. (2021) proposed a framework that 

contributes a novel analysis approach and has five core domains that are interconnected: health and 

nutrition, food security and agriculture, markets and value chains, sociocultural and political, and 

environment and ecosystems. 

The study concludes that it “adds to the growing body of literature related to sustainable food 

systems and dietary guidelines by presenting how sustainability framing in FBDGs can be used to 

further develop a comprehensive framework for integrating sustainability domains. While this 

project helps to validate previous work, further analyses of FBDGs which have emerged since this 

study and those not available in English are needed to improve the guidance approach described 

here and for assessing the incorporation of sustainability domains in future FBDGs. This work is 

useful in informing processes for policy developers to integrate sustainability considerations into 

their national FBDGs”. 

Discussion  
Studies reviewed for this paper show that despite the varying approaches to assessing the 

environmental sustainability of current and future Nordic and global dietary patterns, environmental 

impacts generally decline as the amounts of animal products in the diet are reduced, although, the 

change in the different environmental impact differs depending on the specific changes in food 

composition. However, nutritional adequacy was not taken into account in some of the proposed 

scenarios. Ensuring "sustainable nutrition" has been the main focus of the FBDGS. Also in future, the 
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health evidence and the nutritional adequacy in accordance with the revised DRVs of NNR at the 

population level should provide the key constraints for developing national FBDGs. However, 

integration of the additional domains is needed to obtain sustainability of the food consumption in 

the Nordic countries and, therefore, in the national FBDGs. 

The studies on the environmental impacts of the current Nordic food consumption show that 

animal-based foods are the largest contributors to dietary GHGE and land use. Also, country- and 

gender-specific differences are shown. The gender differences stem mainly from higher energy 

intake of men compared to women, but also from different diet composition between men and 

women. For example, in Sweden and Finland, the largest contributor to carbon footprint in the diet 

of men was meat, whereas the largest contributor in the diet of women was dairy (Hallström et al., 

2021, Vieux et al. 2020). Large variation in estimated GHGE and land use existed between Nordic 

countries. These may partly be attributable to different methodological choices between studies but 

results also suggest that cultural differences in food composition of diets may be an important factor 

when establishing national FBDGs. From different observed dietary patterns in Nordic countries, 

more plant-rich patterns consistently showed lower GHGE compared to dietary patterns higher in 

animal-based foods. The finding that even the current diets in the lowest quartiles of environmental 

impacts may exceed the planetary boundaries for GHGE, nitrogen and phosphorus application, and 

biodiversity (Moberg et al. 2020, Hallström et al. 2022) emphasize the need for changes in the 

Nordic food system, including the food consumption in the Nordics. 

The results of the Nordic modelling studies approve the potential of shifting towards a plant-based 

diet in reducing GHG but also land use, acid emissions, fuel and electricity consumption, and total 

material requirement of the diets. The pre-defined scenarios adhering to current FBDGs achieved a 

maximum of 45% reduction in GHGE, and in the optimized models a reduction of 80% was achieved. 

In the RCT setting, a 39% reduction in GHGE was achieved in the intervention group following the 

most plant-based diet. These are in line with several reviews, e.g. Aleksandrowicz et al. (2016), 

showing reductions above 70% of GHGE (median 20-30%) when modelling shifts from typical 

Western diets to environmentally sustainable dietary patterns. However, these calculations may not 

include future effect of reduction in food waste or balancing food intake with requirement, which 

might both account for some reductions. The optimization studies demonstrated that setting 

nutritional goals without considering the environment may increase GHGE. For reducing GHGE, 

animal meat, particularly ruminant meat, and dairy need to decrease and the share of plant-based 

foods, including those rich in protein, need to increase. The nutrient profile of the diets would 

improve compared to the current diet but drastic changes may impose the risk of not meeting 

recommended intake of critical nutrients such as vitamin B12, iodine, iron, and vitamins D, and in 

some scenarios vitamin A. However, including fortified foods (or food supplements), may minimize 

the risk of nutrient inadequacy (e.g. Mazac et al. 2022). Women seem more vulnerable to the dietary 

changes than men in terms of nutrient adequacy (e.g. Valsta et al. 2022). 

More RCTs are needed on sustainable "flexitarian" diets that can ensure adequate micronutrient 

intake. However, the few reports on RCTs suggest significant climate impacts from a shift towards 

more plant-based protein sources (Eustachio Colombo et al. 2020, Natural resources Institute 2021). 

It is worth noting that studies evaluating the environmental effects of the current diet have mainly 

been conducted on adults’ diet. There is a notable lack of research data on vulnerable groups with 

increased demand for several nutrients: children, pregnant and lactating women, young people, and 

the elderly. 

The Nordic countries have published FBDGs for the general population as well as for specific 

population groups. Also, general guidelines regarding vegetarian diets are provided from the 
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national authorities. All countries use the NNR2012 as a basic reference and combine this with other 

country specific reports. However, the degree to which environmental sustainability is included in 

current national FBDGs differs between the Nordic countries. This has resulted in different guidance 

regarding specific food groups. 

Different approaches to develop sustainable FBDGs have been identified. In a study by Perignon and 

Darmon (2022), FBDGs were categorized in accordance to the developing approach: i) Assessment of 

sustainability characteristics of hypothetical diets, ii) Assessment of sustainability characteristics of 

existing diets, iii) Identification of existing “positive deviants”, iv) Design of more sustainable diets 

with constrained optimization (Perignon and Darmon, 2022). With the ambition for future 

sustainable FBDGs to integrate environmental, socioeconomic, and cultural sustainability, there are 

both advantages and limitations of the four approaches, as pointed by Perignon and Darmon (2022). 

Some kind of modelling of optimized food composition of future diets are needed, taking several 

environmental impact categories into account. Also, affordability can be included in the modelling. 

Acceptability, on one hand, is difficult to handle due to the overall limitation of quantitative metrics 

on acceptability of dietary changes. However, we find lack of environmental footprint data of good 

quality covering all aspects of environmental sustainability and the whole diet in adequate numbers 

e.g. including both imported and local products. Results from the data-driven optimization modelling 

by mathematical programming should, therefore, be used with caution. Since the optimization 

approach is data-driven, the choice of constraints and valid data require expert knowledge on 

nutrition recommendations, nutrient content of foods, and on several environmental footprints in 

order to provide valid optimization results with the right interpretation. More advanced 

optimization modelling, taking co-production and bioavailability of nutrients into account, has been 

developed but continuous improvements in data are needed. Due to advantages and limitations of 

the four approaches, future development of FBDGs may make use of either one of the four or use a 

combination of the approaches. 

The forthcoming revised Nordic DRVs on nutrients and the scientific evidence regarding health and 

dietary patterns should form the basis for future national revision of FBDGs together with the 

evidence on the environmental footprint of current diets. (Approach1 and 2). To ensure optimal 

impact on health, nutritional adequacy, and low environmental footprints (e.g. GHGE, land use, 

water use, etc.) modelling on the food composition based on existing diets – possibly modified to 

include novel foods or seldom eaten foods - either by simple modelling or by the use of 

mathematical optimization programming or tools, would be an advantage. Evaluation of the 

modelling results is crucial, and should include analyses of other dimensions of sustainability, e.g. 

affordability and other socio-economic impacts. The overall consequences of any proposed changes 

need to be carefully assessed. Such an assessment must be done in a knowledge-based and 

transparent way. Then conclusions can then be drawn on professional, not political grounds. 

Moreover, the more precis target guidelines of food consumption might be announced in coming 

years, while food production and agricultural production might as well change in order to lower the 

environmental impact.  

How to facilitate the implementation of dietary changes needs more attention. A recommendation 

on the optimal ratio of animal and plant sources in the diet alone does not guarantee a reduction in 

environmental impacts or improvement in nutritional quality, as the choice of individual foods 

within the food groups seems significant. For example, coffee, tea, and nuts are all plant-based but 

had a large impact on water use, P application, and extinction rate in a study by Hallström et al. 

(2022). Although plant-based alternatives to cow’s milk usually seem to have lower environmental 

impacts (Carlsson-Kanyama et al. 2021), they are not interchangeable by all nutrients (Jakobsen et 
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al. 2023). However, some plant-based drinks can provide nutritional benefits that dairy cannot, such 

as dietary fibre and B-glucans of oat-drink. With micronutrient fortification they may have similar 

nutritional benefits as dairy, such as Ca, vitamin D, vitamin B12 in fortified soy and oat beverages 

(Mäkinen et al. 2016). Plant-based alternatives to meat may also contain both, beneficial and 

adverse health effects (Mattilsynet 2022, Bryngelson et al. 2022). Without fortification, careful 

analyses are needed on the nutritional contribution of these meat or dairy product replacers. 

A successful transition to more sustainable plant-based food systems may also require continuous 

research on, e.g. cultivation and processing of legumes and other locally grown plants for human 

consumption, and versatile political measures to reduce meat consumption and increase the 

production, processing and consumption of domestic plant-based alternatives (e.g. Röös et al. 2020). 

In addition, healthy and sustainable plant-based foods need careful consideration in policy making. 

Finland and Sweden have a long tradition of fortifying food to prevent nutritional deficiencies in the 

population (e.g., Itkonen et al. 2021) and these nutritional policy measures may become of special 

interest when switching to a plant-based diet. It remains to be evaluated what type of fortification 

and supplementation strategies can secure intakes of critical nutrients in different flexitarian diets 

with varying proportions of animal-source foods. 

Finally, the transition to sustainable diets must be affordable and desirable for consumers. Real-life 

change, i.e. extending some of the optimized models to the majority of the population may be 

unrealistic as even transitioning to current FBDGs has been difficult for many. Current Nordic diets 

do not conform to current FBDGs nor the planetary boundaries, especially when it comes to the 

consumption of vegetables and meat, the groups with the highest environmental sustainability 

relevance (Warensjö Lemming & Pitsi 2022). In the Nordic countries, cultural and sociodemographic 

differences in dietary composition pose challenges in defining and implementing national FBDGs. 

However, public-private partnerships on facilitating dietary changes has proven successful (e.g. 

increasing whole grain intake in Denmark). Among other things, in the future, a vegetarian meal 

should no longer be defined and served as a special meal but as a general standard in line with meals 

that include small amount of meat and fish. This will require changing attitudes towards less 

commonly eaten plant-based foods and increased acceptance of new foods.    

In Nordic countries, we have already successfully applied several effective steering methods and 

means of action. School lunches and catering services in worksites contribute to healthy eating 

habits in the population and may mitigate well-established gender differences and social inequalities 

in dietary intake (Raulio et al. 2010, Eustachio Colombo et al. 2020). Finland and Sweden provide 

lunches free-of-charge to all children, regardless of parental income (WFP 2021). In Finland, for 

instance, every day-care, elementary school, upper secondary, and vocational school student, is 

entitled to a free school meal. The system-level food caterings provide with excellent, but at the 

same time under-utilized and most likely under-resourced, potential for supportive environment for 

the development of good dietary habits. Successful protocols have already been tested in Sweden 

(Elander et al. 2020, Eustachio Colombo et al. 2019; 2020). Food preferences and eating habits start 

to develop already during childhood, and established habits may continue into adolescence and 

adulthood (Craigie et al. 2011). The recent systematic review shows that most promising strategies 

are likely in menu redesign, followed by menu labelling and service redesign (Stiles et al. 2022). 

Interest among consumers and restaurants for information on sustainability already exists 

(Pulkkinen et al. 2016), and attitudes are set for the transition (Erkkola et al. 2022) but clearer advice 

are necessary (Springmann 2020). The main challenges are to produce sufficiently reliable 

background data and to raise consumers’, the food industry, restaurant sectors’, and retailers’ 

interest and understanding of environmental impacts associated with food. 
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In Nordic and Baltic countries, scientific uncertainties arise from limited or low-quality data on 

environmental impacts (Wood et al. 2020) and dietary intakes (Warensjö Lemming & Pitsi 2022). In 

addition, the published research focus on the environmental aspects that have been more easily 

modelled (e.g. GHGE) and lack of focus on those that are not (such as eco-toxicity and impacts on 

biodiversity), (see background paper 1 in Helsedirektoratet 2023). Updated and comprehensive 

values on the impact of food products and whole diets on the range of environmental impacts, 

including GHGE, land use, water use, acid emissions, biodiversity, human and environmental toxicity, 

are essential. Besides open access data on GHGE and other environmental footprint as well as 

updated nutrient content, more Nordic and Baltic research is required to better quantify the full 

environmental impact associated with higher proportions of plant-based foods and evaluate 

potential trade-offs with other dietary shifts. However, significant sustainability research already 

exists, and new tools are being developed to expand the range of measurable environmental 

impacts. Participatory and transdisciplinary research, where knowledge is co-created through 

collaboration between researchers and non-academic stakeholders, markets, and government 

institutions, serves as a fruitful endeavour in research on complex sustainability transition challenges 

(Volkery et al 2008, Mauser et al. 2013).   

Sustainability is a complex concept with several multilevel dimensions. Considering food production 

alongside consumption is a necessary for a comprehensive assessment of environmental 

sustainability, discussed more in background papers 1,2, and 4 (Helsedirektoratet 2023). The 

economic effects of switching to more plant-based diet would be negative for the agriculture and 

food sector (Risku-Norja et al. 2007, see also paper 4). This challenge is as well related to social 

sustainability, discussed more in the background paper 5 (Helsedirektoratet 2023). 

Conclusions 
Different approaches can be applied in a future process of developing national FBDGs. Modelling 

studies taking nutritional adequacy and health evidence into account together with environmental 

impacts can provide valuable input to the process. Also input regarding affordability can be 

obtained. However, all modelling is highly dependent on the quality of the data, as well as the 

decisions in the modelling process. Food and nutrition experts are needed both for conducting the 

modelling and for the interpretation of the results. Using a standardized framework for evaluating 

and adjusting the results in relation to the different domains might be a huge advantage. 

• Current Nordic research calls for dietary patterns and FBDGs high in plant-based foods and low 

in animal-based foods for the benefit of people and environment. 

• The shift from animal- to plant-based diet needs to be larger than the previous FBDGs 

recommend. 

• Nutritional adequacy is crucial when integrating environmental sustainability into FBDGs. 

Therefore: 

o Food group specific considerations are essential to simultaneously reduce the 

environmental impacts and achieve nutritional adequacy. 

o In addition to FBDGs, other actions, such as supplementation and/or fortification 

strategies should be considered for setting the preconditions for effective and large 

enough dietary shift. 

• Along with environmental sustainability, social, cultural, and economic dimensions are essential 

to understanding the societal and behavioural implications of national FBDGs and proposed 

dietary shifts. 
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Table 1. Studies on environmental impacts of dietary patterns conducted in Nordics countries 

Country 
Reference 

Environmental 

data 

Dietary data  Methods Environmental 
variables 

Dietary scenarios 

Bruno et 
al. 2019 
DK 
  

 LCA from-cradle-
to-fork, average 
GHGE on 
international level 

Food Balance Sheet 
by FAO 

Pre-defined diet 
scenarios 

GHGE Standard Danish, carnivore, 
vegetarian and vegan 

Bälter et 
al, 2017 
SWE 
  

LCA of foods A FFQ used in 
Swedish LifeGene 
study 

Comparison of 
nutrient intake at 
different levels of 
dietary GHG 
emissions 

GHGE Current diet only 

Cobiac & 
Scarborou
gh 2019 
FIN 

LCA from 
Hartikainen and 
Pulkkinen (2016) 

FinDiet 2012 Modelling study GHGE Modelled diets identified in 
Vieux et al. (2020) 

Eustachio 
Colombo 
2019;2020 
Elinder et 
al. 2020 
SWE 

LCA data on raw 
foods adjusted for 
waste (RISE) 

Annual observed 
school food supply 

Linear optimization 
+ school 
intervention 

GHGE - lowest achievable GHGE 
- minimized total relative 
deviation while imposing 
stepwise GHGE reductions, 
-further constrained for 
deviations of pair-wise ratios 
of 15 food groups  

Hallström, 
2021 
SWE 

Climate data based 
on LCA studies of 
foods 

Dietary intake from 
two population-

Analysis of dietary 
GHGE from different 

GHGE Current diet only 
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  representative for 
production of 
foods available on 
the Swedish 
market. 
  
  
  

based cohorts, by 
FFQ 

foods and by gender 
and age-groups 

Irz et al. 
2018 
FIN 

  

LCA data 
Hartikainen and 
Pulkkinen (2016) 

Household budget 
survey 2012 

The simulation 
approach combining 
a behavioural model 
of consumption 
adjustment to 
dietary constraints, 
a model of climate 
impact based on the 
LCA of foods, and an 
epidemiological 
model calculating 
health outcomes. 

GHGE Simulated Impacts:  5% 
increase in fish consumption 
5% decrease in meat 
consumption and 5% 
decrease in red meat 
consumption. 

Irz et al. 

2019 

FIN 

  

LCA data 
Hartikainen and 
Pulkkinen (2016) 
  

  As above GHGE The five recommendations 
considered in the analysis:  
consumption of fruits and 
vegetables (+ 5%), red meat (- 
5%), all meat and all animal 
products (- 5%), and the 
greenhouse gas emissions 
arising from the diet (- 5%). 

Jalava et 
al. 2014 
FIN 

 
 
 

Water footprints of 
the crops: 
Mekonnen and 
Hoekstra 2011b, 
and animal 
products: 
Mekonnen and 
Hoekstra 2010. 

FAO food balance 
spreadsheet (2013). 
  

Modelling study Water use Diet scenarios: 
- recommended diet (RD)- - 
step-wise protein from 
animal product reduction 
diets: A50, A25, A12.5, and 
A0. 

Karlsson, 
2017 
(TemaNor
d report), 
2018 
Agron sust 
dev) 
SWE/FIN/
DK/NO 
  

From available 
databases and 
scientific reports 

A sample diet based 
on how the NNR 
2004 could be 
achieved (Swedish 
Food Agency, 
2003:1) was used as 
a baseline 

Iterative process to 
formulate a food 
vision for the 
Nordics that was 
then modelled 
separately for 
Denmark, Finland, 
Norway and Sweden 

GHGE 
Use of arable 
land 
Energy use 

-Sufficiency scenario, cattle 
and sheep limited to the 
number needed to graze 
available semi-natural 
pastures, by-products used 
for poultry. pigs and 
aquaculture fish) 
-Efficiency scenario, 
increased utilization of 
available land resources 

Lassen et 
al. 2020 
DK 
  

  
N/A 

EAT-Lancet 
reference diet, 
DANSDA (2011-
2013) 

Pre-defined diet 
scenarios 

N/A 1. EAT-Lancet 

reference diet 

with Danish food 

data 

2. further modified 

from 1) to be 

consistent with 

the Danish FBDG  

Mazac et 
al. 2022 
FIN 

 
 
 

Environmental 
impacts: 
AGRIBALYSE and 
World Food LCA 
Database. 
  

European food 
consumption 
database (EFSA). 
2013 compiled from 
34 national food 
consumption 
surveys (n = 66,492 
individuals) in 22 
European Union 
countries. 
  

Modelling study GHGE, land use, 
water use 

Modelled diets: 
- Omnivore (animal-based 
foods allowed in modelling) 
-Vegan 
- Novel and Future food 
(novel and future foods such 
as insects and ovalbumin 
allowed in the model) 
- All diets modelled in three 
models: minimized GHG, land 
use, and water use. 

Meinilä et 
al. 2022 

GHG data Automatically 
accumulating food 

Observed food 
purchase patterns 

GHGE Food purchase patterns 
based on 56 food groups 
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FIN 
  
 

LUKE/Hartikainen 
et al. (unpublished) 
  

purchase data of the 
loyalty card holders, 
n=22860. Nutrient 
content from Fineli.  

by factor analysis, 
regression analysis 
to study the 
association between 
the patterns and 
GHG of the total 
purchases. 

-Traditional 
-High-energy 
- Plan-based 
- Animal-based 
-Ready-to-eat 
- Easy cooking 

Mertens 
et al. 2019 
DK 

LCA from SHARP-
Indicators 
Database 
  

DANSDA 2005–2008 Observed / current 
diet 

GHGE 
Land use 

Danish average diet 

Mertens 
et al. 
2020a 
DK 

 LCA from SHARP-
Indicators 
Database 

DANSDA 2005–2008 Modeling by 
nutritional 
benchmarking 

GHGE Modelled diets with high 
nutritional quality and low 
GHGE 

Mertens 
et al. 
2020b 
DK 
  

 LCA from SHARP-
Indicators 
Database 

DANSDA (2005–
2008) 

Pre-defined diet 
scenarios + 
modelling by 
benchmarking 
method 

GHGE Modelled diets with high 
nutritional quality and low 
GHGE, database enriched 
with meat replacers 

Martin 
and 
Brandão, 
2017 
SWE 
  

Databases  
Ecoinvent and 
Agribalyse was 
complemented 
with LCA peer 
reviewed studies 
while data on 
import, export and 
waste came from 
FAO balance 
sheets. 

FAO Food Balance 
Sheets, 2011 

Modelling study GHG emissions, 
acidification, 
eutrophication, 
land use, 
toxicity and 
biodiversity 

Dietary scenarios:  
- Dietary guidelines 
- Reduced meat consumption 
- Vegetarian diet 
-Vegan diet 
-200% increase in organic 
food consumption 
- 100% organically produced 
foods 
-30% increase in foods 
produced in Sweden 

Mertens 
et al. 2021 
DK 
  
  

LCA from SHARP-
Indicators 
Database 

DANSDA 2005-2008 Modelling study: 
optimization using 
Data Envelopment 
Analysis (DEA) to 
benchmark diets for 
improved 
adherence to FBDG 

GHGE Diet scenarios: observed, 

most preferred, healthiest 

(Nutrient Rich Diet Score), 

and most environmentally 

sustainable (GHGE) 

Mertens 
et al. 2020 
DK 
  

LCA from SHARP-
Indicators 
Database 
  

DANSDA 2005-2008 Modelling study: 
optimization using 
Data Envelopment 
Analysis (DEA) to 
benchmark diets for 
improved 
adherence to FBDG 

GHGE As above but all substituted 
by similar use meat replacers 
with and without fortification 

Moberg et 
al. 2020 
 SWE 
  

LCA data of 
impacts from 
cradle to retail in 
Sweden was 
summarized in a 
database (Moberg, 
2019). Sources 
were for example, 
World Food LCA 
database,  
Ecoinvent 
database, peer-
reviewed LCA 
studies and LCA 
industry reports.  
Water use from 
WaterStat 
database. 

Average direct 
consumption 2011-
2015 (Swedish 
Board of Agriculture, 
2019) 
  
 

Calculated the 
impact of current 
data and 
benchmarked it 
against the 
planetary 
boundaries as they 
are presented in Eat 
–Lancet. 
  
 

GHGE, land use 

N-application, 
P-application, 
Freshwater use  
Extinction rate 
  
 

Impact of current diet only 
  
 

Mogensen 
et al. 2020 
DK 
  

For beef: LCA from 
cradle until exiting 
slaughterhouse 
from Mogensen et 
al. (xxx) and from 
slaughterhouse 

DANSDA 2005–2008 Observed / current 
diet 

GHGE 
Land use 

Dietary patterns by principal 
component analysis: 

- Traditional 

- Fast food 

- Green 

- High beef 
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until ready-to-eat. 
For other foods: 
literature of LCA 
studies from cradle 
to ready-to-eat, 
including transport, 
packaging, storage, 
food waste, and 
cooking. 

Risku-
Norja et 
al. 2007 
FIN 

  

      GHG emissions 
land use, acid 
emissions, fuel 
and electricity 
consumption, 
the total 
material 
requirement of 
the diets 

Four scenarios:  
-a nutritionally balanced diet,  

-a mixed diet based on dairy 

cattle with no pigs and 

poultry 

-a fish-vegetarian diet in 

which meat and eggs were 

substituted with vegetable 

products 

-as the mixed diet but based 

on 50% organic production 

Röös, 

2020 

SWE 

LCA studies Meat intake from 
Riksmaten 2010-11 
(Swedish Food 
Agency)  

Comparison of 
current 
consumption with 
an intake scenario 

GHG 
Land use 

Dietary scenario: 
-Meat consumption reduced 
with 50% and replaced by 
legumes grown in Sweden 

Saarinen 
et al. 2019 
FIN 

  

See appendix 1 in 
End report of the 
FoodMin project 
(Ref) 
  

FinDiet 2017 survey 
(Valsta 2018); DIPP 
cohort, 2008 
(Kyttälä); 
Adolescents 
survey2008 
(Hoppu); 
Health2000 survey 
(Montonen); Food 
Balance Sheet 2016 
(LUKE); Fineli food 
composition 
database 2018;  
  

Modelling study: 
FoodMin dietary 
model (Ref LUKE) 
EnVit model 
(Seppälä ym. 2009, 
Nissinen ja 
Savolainen 2019). 
  

GHG emission 
Eutrophication 
Food waste 

Four scenarios: 
-meat reduced to half  

-meat reduced to one third  

-meat replaced with fish (incl. 

milk) 

-vegan diet  

Saxe et al. 
2013 
DK 
  
  

LCA Food Database 
(2004) 
http://www.lcafoo
d.dk. And  
supplementary 
data from the 
literature 

  Modelling study; 
consequential Life 
Cycle Assessment. 

GHGE Average Danish Diet (ADD); 
diet based on the NNR;  New 
Nordic Diet (NND) 

Sjörs et al, 

2017 

SWE 

 

 

 

LCA food data Swedish National 
dietary survey with 
a 4 day food record 
  
 

Comparison of 
nutrient intake in 
quartiles of dietary 
GHG emissions 
  
 

GHG emissions 
  
 

  

Springma
nn et al. 
2020 
GLOBAL 

Global country and 
crop specific 
environmental 
footprints data 
(described in 
Harwatt et al. 
2023) 

National FBDGs 
(FAO), 
FAO’s food balance 
sheets adjusted for 
the amount of food 
wasted at the point 
of consumption. 

Modelling study greenhouse gas 
emissions, 
cropland use, 
freshwater use, 
nitrogen and 
phosphorus 
application 

- national food-based dietary 
guidelines  
- EAT-Lancet guidelines 
- pesco-vegetarian diet 
- vegetarian diet 
- vegan diet  
 
 

Trolle et 
al. 2014 
DK 

LCA) (ISO 14040, 
ISO 14044). 

DANSDA (2005–
2008) 

Pre-defined diet 
scenarios 

GHGE Average Danish diet, diet 
adherent to the Danish FBDG 
and nutrient content of 
NNR2004 

Trolle et 
al. 2022 
DK 

 Top-down hybrid 
approach: Danish 
Big Climate 

DANSDA (2011–
2013) 

Pre-defined diet 
scenarios 

GHGE Danish Adapted Plant-Rich 
Diet, adherent to the EAT 
Lancet reference diet 

http://www.lcafood.dk/
http://www.lcafood.dk/
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Database (BCD 
data), developed 
by the climate 
think tank 
CONCITO in 
collaboration with 
2.-0 LCA 
Consultants 
Bottom-up 
approach: LCA 
from literature 

Valsta et 

al. 2022 

FIN  

  

  FinDiet 2017(Valsta 
2018), Finnish 
nutritional 
recommendations 
(2014) 
 
Nutrient adequacy 

measured by a 

nutrient index with 

10 components 

(Valsta et al. 2022, 

Appendix 2) 

Modelling study  GHG emissions 
Arable land 
Economic 
sustainability: 
earnings 

-The current nutrition 

recommendations 

-⅓ or ⅔ of meat and dairy  

substituted with legumes, 
nuts and seeds, fish and 
plant-based dairy 
alternatives, and fruit and 
vegetables until 500 g/d of 
total intake 
  
  

Vanham 
et al. 2017 
FIN 
  
 

Water footprints 
from literature: 
Mekonnen and 
Hoekstra, 2011a, 
Mekonnen and 
Hoekstra, 2011b, 
and for fish Pahlow 
et al. (2015). 

For countries: FAO 
Food Balance Sheets 
/ For cities: FINDIET 
2007 

Modelling study Water use Dietary scenarios: 
- Average observed over 
1996-2005 
-Healthy containing meat 
-Healthy pesco-vegetarian- 
Healthy vegetarian 

Vieux et 

al. 2020 
 FIN/SWE 

LCA from 
Hartikainen and 
Pulkkinen (2016) 

FinDiet 2012 
Riksmaten 2010 

Observed dietary 
clusters 

GHG Six clusters from which one 
was identified as “more 
sustainable” 

Wallén et 
al. 2004 
SWE 
  

LCA studies on 
energy use and Co2 
equivalents 
emissions from 
publications and 
data from food 
industry.  

Current food 
consumption, per 
capita (Statistics 
Sweden, 2001) 
  
Intakes in Dahlin 
and Lindeskog's 
definition of a 
sustainable diet 
(1999). 
  

Comparing current 
diet with scenario of 
sustainable diet by 
food group 

GHG emissions The sustainable diet scenario 
included higher consumption 
of pulses, vegetables, cereals, 
fruits, eggs and fish while it 
had lower consumption of 
meat and meat products, 
sweets, sugary drinks, cream, 
cheese and rice than current 
diet 

 

 

Appendix 1 
Overall current FBDGs of the Nordics 
Denmark 
Eat plant-rich, varied and not too much 
Eat more vegetables and fruit 
Eat less meat – choose legumes and fish 
Eat wholegrain foods 
Choose vegetable oils and low-fat dairy products 
Eat less sweet, salty and fatty food 
Thirsty? Drink water 
   
In addition to a focus on healthy and climate-friendly food, the Danish Dietary Guidelines also 
encourage Danes to choose vegetables and fruit in season, to go for the environmentally friendly 
choices of fish and to reduce food waste. The importance of reducing food waste is addressed by 
five guidelines. 
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Finland 

• Eat vegetables, fruits and berries frequently (a minimum of 500 g/day, excluding potatoes). 
• Eat wholegrain cereals (bread, porridge, pasta, etc.) several times a day. Prefer fibre-rich and low-

salt products. Avoid products made of refined flour with plenty of hard fat and sugar. 
• Use soft vegetable oil based spreads on bread and vegetable oils in cooking and salads. 
• Eat fish (of different kinds) two to three times a week. 
• When eating meat, choose low-fat, low-salt products and limit the amount of red meat and meat 

products to < 500 g a week. 
• Consume fat-free/low-fat milk products daily (5–6 dl/day) and two or three slices of low-fat cheese. 
• Drink water when you are thirsty. Decrease consumption of soft drinks and sweet juices. 
• Use low-salt products (salt intake should be < 5 g/day). 
• Undertake moderate physical activity (brisk walking) for at least 150 minutes a week or hard physical 

activity (running) for 75 minutes a week. 
• In addition eat regularly. Read and learn to understand product labels 

 
The food-based guidelines provide examples of preferable sustainable food choices that are based 
on the sustainability chapter in the NNR 2012 (2014). They emphasize the consumption of 
vegetables, roots, potatoes, berries and fruits, domestic legumes and cereal products, and wild 
water fish, and suggest favouring of rapeseed oil and margarine over other fats and oils and tap 
water over bottled water. It is also mentioned that beef production contributes the most to climate 
change and eutrophication, however, with a notice that adequate production of cattle is essential 
for milk production and its downstream products. 
 
Iceland 

1. Focus on the diet in whole 
2. The importance of a varied diet. 
3. Fruits and a lot of vegetables (500 g a day, at least half of it should be vegetables, juice not 

included). 
4. Whole grain at least twice a day.  
5. Fish 2-3 times a week, of which fatty fish once a week.  
6. Eat meat in moderation, max. 500 g of read meet/week. 
7. Low fat milk without added sugar 2 portions a day.  
8. More healthier fat (use oil instead of butter or margarine in cooking). 
9. Reduce salt intake (max 6g/day)  
10. Reduce added sugar 
11. Vitamin D - daily 

The Keyhole - healthy choices made easy 
 
Norway 
1. Enjoy a varied diet with lots of vegetables, fruit and berries, whole-grain foods and fish, and 
limited amounts of processed meat, red meat, salt and sugar.  
2. Maintain a good balance between the amount of energy you obtain through food and drink and 
the amount of energy you expend through physical activity.  
3. Eat at least five portions of vegetables, fruit and berries every day.  
4. Eat whole grain foods every day.  
5. Eat fi sh two to three times a week. You can also use fi sh as a spread on bread.  
6. Choose lean meat and lean meat products. Limit the amount of processed meat and red meat.  
7. Include low-fat dairy foods in your daily diet.  
8. Choose edible oils, liquid margarine and soft margarine spreads instead of hard margarines and 
butter.  
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9. Choose foods that are low in salt and limit the use of salt when preparing food and at the table. 
10. Avoid foods and drinks that are high in sugar.  
11. Choose water as a thirst-quencher.  
12. Be physically active for at least 30 minutes each day.  
Look for the Keyhole when shopping for food. (Helsedirektoratet 2014) 
 
Sweden 

• More vegetables and fruit - Eat lots of fruit, vegetables and berries! Ideally, choose high fibre vegs 
such as root vegetables, cabbage, cauliflower, broccoli, beans and onions. 

• More seafood - Eat fish and shellfish two to three times a week. Vary your intake of fatty and low-fat 
varieties, and choose ecolabelled seafood. 

• More exercise - Exercise for at least 30 minutes every day! Take brisk walks, for example, and reduce 
the amount of time you sit still by taking brief, active breaks. 

• Switch to wholemeal - Choose wholegrain varieties when you eat pasta, bread, grain and rice. 
• Switch to healthier fat - Choose healthy oils when cooking, such as rapeseed oil or liquid fats made 

from rapeseed oil, and healthy sandwich spreads. Look for the Keyhole symbol. 
• Switch to low-fat dairy products - Choose low-fat, unsweetened products enriched with vitamin D. 
• Less red and processed meat - Eat less red and processed meat, no more than 500 grams a week. 

Only a small amount of this should be processed meat. 
• Less salt - Choose food with less salt. Use less salt when you cook, but choose salt with iodine when 

you do use it. 
• Less sugar - Hold back on the sweets, pastries, ice creams and other products containing lots of 

sugar. Cut back on sweet drinks in particular. 
• Maintain a balance - Try to maintain energy balance by eating just the right amount. 
• The Keyhole - healthy choices made easy - Check for the Keyhole symbol. This is a National Food 

Agency symbol which can help you to find food containing less sugar and salt, more wholegrain and 
fibre and healthier or less fat. 
 
Food waste is only briefly mentioned in the FBDGs as there is ongoing parallel work with a national 
action plan to reduce food waste.  
 
The FBDGs provide guidance on how to eat healthily and in an environmentally friendly manner. The 
main aim is to encourage consumers to eat less meat and meat products and more plant-foods 
including whole grains, vegetables and fruit, as well as healthy oils and some fish to decrease the risk 
of common chronic diseases in Sweden, especially cardiovascular disease, overweight/obesity, type 2 
diabetes and certain types of cancer. 
Sweden uses a simple and clear graph with three key messages in a traffic light colours. Green: eat 
more vegetables, fruit, berries, fish, shellfish, nuts, seeds, exercise. Yellow: switch to whole grains, 
healthy fats and low-fat dairy products. Red: eat less red and processed meat, salt, sugar and 
alcohol. (FAO website) 
 


