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Abstract

A study of public procurements of food

Zack Klockar, Olle Kåhre Zäll and Emil Lindahl

There is a challenge to feed an increasing world population. Simultaneously, as more
people rely on food production, ensuring a sustainable food production becomes
more important. In two of the United Nations’ seventeen sustainable development
goals food is mentioned, and one of the more specific targets regards making public
procurements more sustainable. There are however challenges with regards to how
to reduce a Swedish public procurement’s environmental impacts. This is due to some
fundamental principles every Swedish public procurement must follow.

This thesis examines the environmental impacts of two public procurements of food,
regarding global warming, acidification and eutrophication. It also examines whether
calculating food’s environmental impacts per serving or per kg is the more
representative approach. Lastly, this thesis examines how the environmental impacts
of a public procurements of food can be reduced. Consequently, a methodology of
how to minimize the environmental impacts of a procurement is presented.

Firstly, the results show that the environmental impacts per servings and per kg differ.
One procurement has approximately 50-60% higher environmental impacts compared
to the other when measured per serving, but approximately 2-9% lower impacts
when measured per kg. The authors argue that representing the environmental
impacts per serving is more accurate, since it is more correlated to nutritional values.
Secondly, the results show that the environmental impacts for minimizing each
environmental impact category differs.
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 Introduction 
Two of the goals mentioned in the United Nations (UN) sustainable development goals 
(SDGs) are a zero hunger-vision and ensuring a responsible production and consumption 
[1]. The UN points out that there is a challenge to feed an increasing world population 
with changing consumption patterns. They also state that with today’s food system, 
feeding the world’s population is degrading terrestrial and aquatic ecosystems, depleting 
water resources and contributing to climate changes.  

When the Swedish Board of Agriculture released a report in 2015, some trends in the 
Swedish food consumption could be seen [2]. The consumption of different food products 
has increased since 1960, especially short after the country entered the European Union 
(EU) 1994. One of the significantly increased categories of consumption was meat; 
during 1960 the Swedish people consumed around 50 kg per person per year. In 2013, 
the number had increased to around 90 kg [2]. According to IVL Swedish Environmental 
Research Institute [3], the increasing consumption patterns are not only alarming for the 
population but also alarming for the environment, as the food industry affects the 
environment with respect to global warming, acidification, eutrophication, etc. 
Agriculture is accounting for approximately 26% of the total anthropogenic greenhouse 
gas (GHG) emissions, 32% of global terrestrial acidification and 78% of global terrestrial 
eutrophication [4]. 

According to the Swedish Competition Authority [5], the Swedish government, 
municipalities and counties purchased food and restaurants services accounting for about 
4% of the total Swedish food and restaurant market in 2013. In addition, it was shown 
that eight out of ten dietary managers who were responsible for the procurements stated 
that they have had some kind of political policy regarding the procurements of food. The 
policies often included requirements on the share of organic food, nutrition or taste [5]. 
Though, according to Swedish National Food Agency [6], every fifth policy is lacking 
goals regarding decreasing the environmental impacts. 

As stated before, food production has high environmental impacts [4]. Together with the 
fact that many of the municipalities are lacking goals regarding decreasing environmental 
impacts, there would be of interest to further study the environmental impacts of public 
procurements of food.  

1.1 The aims of the thesis 

The aims of this bachelor thesis are, firstly, to estimate the environmental impacts 
associated with two Swedish public procurements of food. The considered environmental 
impacts are acidification potential (AP), eutrophication potential (EP) and global 
warming potential (GWP) (see section 2.2 why the stated metrics were considered). 
Secondly, this work will investigate how the procurements would differ if the goal was 
to minimize the considered environmental impacts separately. 
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1.2 Research questions 

In order to reach the aims, the following questions will be answered: 

• How big are the environmental impacts regarding public procurements of food 
with regards to GWP, AP and EP? 

• How can a representative public procurement be organized to decrease its 
environmental impacts related to GWP, AP and EP? 

1.3 Delimitations and limitations 

In Environmental impacts of food consumption in Europe, Bruno Notarnicola et al. [7], 
described six life cycle stages for food systems: agriculture/breeding, industrial 
processing, logistics, packaging, use and waste (see figure 1). This report will mainly 
focus on the agricultural/breeding stage of the food chain. Although, the procurements 
include processed food, which lead to that this thesis’ system boundary will include the 
industrial processing stage for these products. This concern food products such as cheese 
or bread. Thus, the chosen ending point in this thesis where the product has become the 
product they order in the procurement, without packaging, transport and consumption, 
see figure 1. Packaging, transportation and consumption will be neglected in this report 
and this might affect the results. Although, this will not be further discussed in this thesis. 

 

Figure 1. The system boundary for this study and the life cycle stages of food. 

The food chain is a complex process with multiple environmental impacts [7]. But 
according to the study Reducing food’s environmental impacts through producers and 
consumers [4], it is stated that the agricultural stage dominated with respect to 
environmental impacts in the food production. In addition, the most significant 
environmental impacts were global warming, acidification and eutrophication, which 
represented 61%, 75% and 91% respectively during the agricultural stage. 

Consequently, this study considers the environmental impacts of GHG emissions, 
acidification and eutrophication. The environmental impacts accounted for stems only 
from the agricultural and industrial processes of food production. 

The two studied procurements were missing some relevant data which lead to some 
assumptions, see section 3.3. 
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1.4 Disposition  

This thesis begins with section 2 which provides information about global food 
production, the environmental impacts of said production as well as an introduction to 
public procurements in Sweden. Section 3 provides the methodology section where the 
methods and the data are presented. Calculations will also be described in section 3. This 
will be followed by section 4 where the results will be presented, that lastly will be 
discussed and analysed in section 5. Conclusions will be made in section 6. 
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 Background 
To analyse public procurements of food, section 2.1 describes the food production and its 
environmental impacts. The UN’s SDGs regarding food will also be presented in section 
2.1. A presentation of Swedish public procurements in general and about food specifically 
will be provided in section 2.2. Lastly, in section 2.3, the method of life cycle assessment 
(LCA) is described to provide a background for the data used in this thesis.  

2.1 Food and environmental sustainability 

 Food production 

Global agriculture produces 23.7 million tonnes of food every day [8]. Of that, cereals, 
roots, tubers, fruit and vegetables account for 19.5 million tonnes, meat 1.1 million 
tonnes, fishing more than 0.4 million tonnes and milk 2.1 million tonnes. Furthermore, 
7.4 trillion liters of water for irrigation and 0.3 million tonnes of fertilizers are used during 
a day of crop production. In Sweden alone, over three million pigs and cattle were 
slaughtered for food during 2018 [9]. Agriculture is a big emitter, where this sector is 
accounting for 25-33% of the global anthropogenic GHG emissions [10]. Furthermore, 
this sector eutrophies and acidifies both aquatic and terrestrial ecosystems, occupies 40% 
of the total land on Earth, uses more than 70% of the total water withdrawals, hastens 
both deforestation and habitat fragmentation and increases biodiversity loss [10]. 

Today, 7.6 billion people rely on food production [4] and the world’s population is 
estimated to reach 9.3 billion in 2050 [8]. Moreover, people all over the world are getting 
wealthier and together with a population increase, it is estimated that global agriculture 
needs to produce 60% more of its current capacity by 2050. 

 Environmental impact categories 

Environmental impacts are not caused by a single substance, e.g. there are other gases 
than CO2 that contribute to GHG emissions [11]. Moreover, in order to compare different 
emissions to each other some reference is needed when calculating environmental impact 
potentials. Emission factors are then used to express different emissions (see section 
2.2.1, 2.2.2 and 2.2.3) in terms of the reference.  

Notarnicola et al. [7] points out that the agricultural stage in food production has the 
highest environmental impact with respect to global warming, acidification and 
eutrophication. As stated before, the agriculture stage is responsible for approximately 
61% of food’s total GHG emissions, 75% of the acidification and 91% of the 
eutrophication. 

Therefore, this thesis will study the following environmental impacts and use the 
following references: 
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§ CO2-equivalents (CO2-eq.) for GWP, 
§ SO2-equivalents (SO2-eq.) for AP and 
§ NO3--equivalents (NO3--eq.) for EP. 

 Global warming 

Global warming is a global phenomenon when the temperature of the Earth’s surface 
increases [12]. Global warming can either be caused by natural or human activities, where 
the latter has been the main cause of an average increase of the temperature since the 20th 
century [12]. Furthermore, global warming is caused by GHGs, which are gases such as 
carbon dioxide (CO2), methane (CH4) and nitrogen dioxide (NO2). These gases trap the 
heat on the Earth’s surface like a greenhouse [12]. According to Environmental Chemistry 
[13], the greenhouse effect on Earth occurs because sunlight enters the atmosphere but 
the heat radiated from Earth does not escape. The heat instead stays within the atmosphere 
and increases the surface temperature of Earth, which affects the entirety of Earth’s 
ecosystem in different aspects [13].  

Global agriculture suffers from global warming [12]. For example, drought areas are 
estimated to experience longer dry periods, which will lead to crop failure and decline in 
a short- and long term respectively [12]. Moreover, these patterns have already been 
found in parts of Africa and Asia.  

 Acidification 

Acidification is a regional phenomenon where acids are introduced to either soil or a 
water body [14]. The most common emissions which contributes to acidification are 
sulphur dioxide (SO2) and nitrogen oxides (NOx) [12]. 

Acidification occurs in the soil because of unsustainable agricultural practices together 
with other reasons such as pollution, urban expansion etc. [13]. Furthermore, when 
acidification occurs in the soil it is contributing to land degradation, which poses a threat 
to the agricultural production itself and the terrestrial ecosystem.  

 Eutrophication 

Eutrophication is a regional phenomenon where an aquatic ecosystem, such as lakes or 
rivers, is affected by an increase of phosphorus and nitrogen which leads to an accelerated 
growth of biomass [15]. One example of this is algae blooms, which tend to develop on 
the surface of the water and prohibit the sun light and oxygen which is necessary for 
underwater life [15]. In addition, this disturbs the balance in the ecosystem and the quality 
of the water [15].  

Eutrophication is a consequence of an increase of plant nutrients- like phosphorus or 
nitrogen- in an aquatic ecosystem [15]. Moreover, cultural eutrophication, is the 
syndrome where eutrophication is caused by human activities. This effect occurs when 
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sewage, detergents, fertilizers and other nutrient sources are introduced to the aquatic 
ecosystem [15]. In addition, one of the contributors to cultural eutrophication is the 
agriculture sector. Most of the phosphorus which contaminates streams and lakes comes 
from either soil erosion or fertilizer runoff [15]. The runoff from animal feedlots, the area 
where animals in the agriculture eats their food, are also contaminating aquatic 
ecosystems with nitrogen [15]. 

 The sustainable development goals 

In 2015, all members in the UN adopted the SDGs, which is the UN’s and its members’ 
aim to ensure a sustainable future for the human population and the planet until 2030 [1]. 
In total, there are seventeen different goals to promote prosperity while protecting the 
environment [1]. The second goal is concerning the starvation in the world and a zero 
hunger-vision [16]. According to the UN [16], one in nine people in the world is 
malnourished and the majority of the malnourished people live in developing countries. 
One of the UN’s targets regarding world hunger is ensuring a sustainable food production 
by 2030 [16].  

The twelfth goal of the SDGs is concerning responsible consumption and production. 
This goal is divided into three categories: food, water and energy [17]. Furthermore, one 
third of all food produced is wasted in some way. In contrary to the second goal, 
mentioned above, the UN also mentions [17] that around two billion people are 
overweight or obese. Two of the targets regards responsible food consumption and 
production. The first target is to decrease the retailers’ and the consumers’ global food 
per capita waste with 50%, reduce food losses regarding production, supply chains and 
post-harvest losses by 2030 [17]. The second target is to make public procurements more 
sustainable [17]. 

2.2 Public Procurements 

 Principles and environmental demands 

A public procurement is an arrangement which authorities use to get goods, services or 
works [18]. According to Sweden’s National Agency for Public Procurement [19], the 
fundamental principles for every procurement are, at first, the principle of non-
discrimination. This means that no contracting authority has the possibility to exclude 
suppliers based on their nationality [19]. The next one is the principle of equal treatment, 
which states that every supplier should be treated in the same way, regardless what kind 
of influence they have. Moreover, the principle of transparency is pointing out that the 
contracting authorities must provide information about the procedure to all suppliers. In 
addition, the principle of proportionality states the requirements are needed to be not too 
comprehensive than the purpose of the public procurement. Finally, the principle of 
mutual recognition means that certificates which has been assigned in EU/European 
Economic Area countries should be usable in every region [19]. 
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Every authority must follow these stated principles during the public procurements, which 
lead to different challenges for the authorities to formulate environmental demands [20]. 
For example, it is not possible for the contracting authority to make too high 
environmental demands on a company’s emissions. This could in fact be economically 
unsustainable and discriminate the company [20]. In this case, the principle of 
proportionality would not be followed [20].    

 Swedish public procurements 

According to Statistik om offentlig upphandling 2018 [18], all of the purchases during 
2016 which followed the principles of public procurements in general, the total value is 
estimated to be 683 billion SEK [18]. This corresponds to 17.5% of Sweden’s total gross 
domestic product [18]. Moreover, there were in total 18 525 announced public 
procurements during 2017 which followed the principles of public procurements. The 
agreements usually last between 3-4 years and there is on average 4.1 tenderers per public 
procurement [18]. The three most common sectors during the same year were: plant work 
with 7181 procurements (39% of the total amount); architect-, construction-, engineering- 
and inspection services with 2041 procurements (11% of the total amount); and company 
services with 1679 procurements (9% of the total amount) [18]. In addition, 
municipalities (together with public companies) announced 12 753 procurements in 206, 
which was 69% of the total announced amount. Other stakeholders were the state, 
counties and other organizations with the share of 18%, 10% and 2% respectively [18]. 

Food is a small sector in terms of total amount of procurements compared to the three 
stated sectors [18], where the food is mainly delivered to schools, health- and social care 
[5]. In 2017 the authorities announced 268 procurements of food and this was 
approximately 1% of the total announced procurements during the same year [18]. There 
were on average 2.9 tenderers per procurement and 80% of the announced procurements 
were made by municipalities [18]. As shown in Offentlig upphandling av mat [5], more 
than 4 out of 5 the dietary managers that were questioned stated that it is difficult to get 
tenders from small companies. Furthermore, one reason for this is that it is time 
consuming for the smaller companies to be involved in the procurement process.  

Due to the municipalities’ small influence on the market, a challenge for the 
municipalities is their difficulties with setting environmental demands which affects the 
food production [5]. The report also state that one reason for this is because public 
procurements only make up 4% of the total market revenue of food in Sweden. Another 
reason is the challenges facing producers concerning adjusting their production for 
environmental demands [5].  

2.3 Life cycle assessments 

LCA is a quantitative method to calculate environmental impacts. This method studies 
the resource flow of products to a specific location [21]. Moreover, this means that the 
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chosen pollutants, which causes different environmental impacts, are investigated 
through the whole life cycle of the products: from the beginning to the end of the 
product’s lifespan. But the system boundaries vary among studies, and are not always the 
entire lifecycle of products [21].  
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 Methodology 
To fulfil the aim of this study, some simplification and data treatment were performed. 
The methodology section 3.1 will motivate that our study objects are proper 
representatives for municipalities in Sweden. In section 3.2 follows a description of the 
process pursued to simplify and structure the procurements in a representative manner. 
This is followed by section 3.3 about how missing data about the food products was 
assumed. In section 3.4, how data of environmental impacts was collected is described. 
Lastly, in section 3.5, a description of how the procurements’ environmental impacts were 
calculated and in section 3.6 the method to optimize a representative procurement, with 
regards to a specific environmental impact. 

3.1 Choice of study objects 

The chosen procurements come from two different Swedish municipalities. In 2018, 
municipality A and B had a population of about 51 000 persons and 48 000 persons 
respectively. During the same year, the mean value of the population size in Swedish 
municipalities was 35 277 persons [22]. Both municipalities’ population sizes were 
considered sufficiently close to the mean value to be proper representatives of the average 
municipality in Sweden. According to Statistics Sweden’s categorization [22], both 
municipalities were categorized as the category Commuting Municipality close to a big 
city. In 2018, 43 out of 290 municipalities in Sweden were divided into this category [22]. 
Consequently, both municipalities represent a Swedish municipality well. 

Although, the municipalities belong to the same category and had approximately similar 
population sizes, their procurements differed significantly in number of daily servings. 
Procurement A and B had approximately 10 000 and 5800 servings per day respectively. 
Because of the significant difference, studying both procurements is of interest. 

3.2 Structuring and representing a procurement 

Since the procurement A and B contained 968 and 723 products each, it was important to 
reduce the number of products analysed in this study. Therefore, this study categorized 
and simplified in order to present the procurements in a simplified but still representative 
manner. The categorization was inspired by European Commission’s Joint Research 
Centre’s basket of products-approach [23]. This approach focuses on some specific 
representative products (RP), which then are scaled up to the total food consumption. 

In this study, all products from both procurements were categorized into the following 
categories: Fish and Seafood, Vegetables and Roots, Meat, Dairy, Carbohydrates, Cereal 
based products, Vegetable fat, Vegetable protein and Other (see table 1, column 1). 
Products placed within the category Other are ones deemed not to fit within the other 
categories and they are excluded from this thesis. The category Other contained 18.77% 
of procurement A’s total weight and 14.58% of procurement B’s total weight. 
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Table 1. Categories, product groups (PGs) and RPs the two procurements are divided 
into. The category Other is excluded from this thesis. 

Category PG RP 

Fish & Seafood Codfish Cod 
Vegetables & Roots Cabbage & broccoli White cabbage 

Corn Corn 
Tomatoes Red tomatoes 

Roots & beets Carrots 
Meat Beef Beef 

Pork Pork 
Chicken Chicken 

Dairy Milk Milk 
Cheese Hard cheese 
Yogurt Yogurt 

Carbohydrates Pasta Pasta 
Rice Rice 

Potatoes Potatoes 
Cereal based products Wheat Wheat bread 

Rye Rye bread 
Vegetable fat Rapeseed oil Rapeseed oil 

Vegetable protein Eggs Eggs 
Vegetarian alternatives Soy beans 

Beans & legumes Chick peas 
Other - - 

 

Each category contained PGs that further divided a category into subcategories. For 
example, Codfish was a PG within the category Fish and Seafood (see table 1, column 2). 
PGs still consisted of several different products. Therefore, to represent the PG, a product 
that was highly prevalent within the PG was chosen as a RP (see table 1, column 3). Each 
RP then acted as a simplified representation for their entire PG. By doing this, the entire 
procurement was represented by only 20 different products. See appendix A for some 
examples. 
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3.3 Assuming data between procurements 

The study was based on two lists of procurements from two different municipalities. 
Relevant information for the study was the cost, weight and ingredients. This information 
was not available in full within the two lists of procurements, see table 2.  

Table 2. Information contained in the two procurements. 

 Costs Weights Ingredients 
Procurement A X X  
Procurement B X  X 

 

Therefore, assumptions between the procurements was conducted to fill in the missing 
information in a list. It was assumed that products with the same or similar name given 
in both procurements have the same ingredients. It was also assumed that PGs (see 
section 3.1) have the same average weight to cost ratio in both procurements. In other 
words, the ingredients of products- obtained from data of procurement B- were assumed 
to be applicable to the same products in procurement A. In addition, the costs per kg of 
the PGs (see section 3.1)- obtained from procurement A- were assumed to be 
generalizable to the same PGs in procurement B. 

3.4 Data collected from life cycle assessments 

Data of environmental impacts were gathered from different LCAs for each RP. The 
LCAs came from three different sources: primarily entries in the database Ecoinvent 3.3, 
secondarily as scientific literature, and lastly as company issued LCAs (sources are given 
in table 3). Some data from scientific literature was adjusted to fit the desired system 
boundary (see appendices B and C), in which cases is stated in table 3. The data from 
Ecoinvent 3.3 was accessed with the software openLCA and the impact method 
environmental design of industrial products [24] was used to calculate the environmental 
impacts of the product’s emissions. The environmental impacts were calculated as per kg 
of produced food. 
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Table 3. Product environmental impacts, source of data, origin of food and method of 
production (MoP) of each RP. MoP is assumed to be conventional for the product’s 

origin if nothing else is stated. 

RP Source Origin MoP CO2-eq SO2-eq NO3--eq 
Cod [25,26] 1 North-east 

arctic sea 
- 4.628 0.024 0.001 

White 
cabbage 

[27] Global - 0.269 0.002 0.011 

Corn [28] Hungary - 0.302 0.003 0.031 
Red 

tomatoes 
[29] Spain Unheated 

greenhouse 
0.335 0.003 0.011 

Carrots [30] Netherlands - 0.082 0.001 0.006 
Beef [31] Sweden Conventional, 

dairy calves 
17.00 0.134 0.787 

Pork [31] Sweden Single 
intensive pig 

farm 

4.8 0.083 0.463 

Chicken [31] Great Britain Free range 5.48 0.007 0.663 
Milk [31] Sweden Production > 

7500 ECM/ha2 
0.87 0.01 0.04 

Hard cheese [32] Sweden - 8.669 0.136 0.493 
Yogurt [33] Canada - 1.594 0.012 0.076 
Pasta [34] Italy - 0.671 0.010 0.006 
Rice [35] Rest of 

World 
- 1.874 0.007 0.075 

Potatoes [36] Ukraine - 0.209 0.012 0.036 
Wheat 
bread 

[37] Sweden Industrial 
production 

0.61 0.003 0.032 

Rye bread [37,38] 3 Sweden Industrial 
production 

0.724 0.004 0.058 

Rapeseed 
oil 

[39] Europe 
without 

Switzerland 

- 2.187 0.032 0.189 

Eggs [31] Netherlands Aviary with 
outdoor run 

4.2 0.042 0.35 

Soy beans [40] Switzerland - 0.747 0.003 0.054 
Chick peas [41] Iran - 1.328 0.040 0.014 

1See appendix B, 2Energy corrected milk per hectare, 3See appendix C 
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3.5 Calculating the environmental impacts of a procurement 

A PG was treated as consisting entirely out of its RP. Therefore, the PG’s environmental 
impact, per kg, was assumed to be equal to that of its RP. 

The PGs did not completely constitute their category’s weight. In order to approximate 
the environmental impacts of a category, per kg, a weighted average of the RPs’ 
environmental impacts was calculated. This approximation was done separately for each 
of the procurements. The average environmental impact, per kg, !"#$,  

!"#$ =
∑ ()*	∙	-)*
∑-)*

      (1) 

was calculated taking the weight in kg, ./0, and environmental impact, per kg, !/0, of 
each PG into account. For example, the GWP, per kg, for the category meat was 
approximated to be 11.13 and 9.26 kg CO2-eq per kg meat of procurement A and B 
respectively. 

The total environmental impacts of the category, 1"#$, was calculated 

1"#$ = !"#$ ∙ ."#$      (2) 

by multiplying the approximated environmental impact per kg, !"#$, with the weight in 
kg, ."#$, of the category. For example, the total GWP of the category meat then became 
1.77×106 and 1.8×106 kg CO2-eq for each procurement respectively. 

The total environmental impact of a procurement would then be the sum of each 
category’s total environmental impact. In order to compare procurements of different 
scales, the environmental impacts were scaled to a normalized value, both per serving and 
per kg. 

3.6 Optimization 

To provide insights of what a representative procurement would consist of if the goal was 
to minimize the environmental impacts was approached as a linear programming 
problem. A linear programming problem is an optimization problem which can be 
formulated with a linear objective function and linear constraints [42]. Formulating a 
linear programming problem was useful dealing with optimization problems since it was 
possible to solve big problems, with a big number of decision variables and constraints 
[42]. The chosen method to deal with the linear programming problems for this purpose 
was Excel Solver by using the simplex method. 

 Objective functions 

There were four different objective functions and the aim of the optimization problem 
was to minimize each function independently. The different objective functions 
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calculated the total GWP, AP, EP and cost of a daily food consumption. The objective 
functions all had the general linear programming problem form of 

2(4) = ∑6( ∙ 4(    (4) 

where 4( is the weight of each PG and the unit and values of the coefficients, 6(, differ for 
the different objective functions. For the objective function that calculated the GWP, 6( 
would be each PGs’ GWP expressed in CO2-equivalents per kg. In a similar way, 6(, for 
the objective function that calculated the AP would be each PGs’ AP expressed in SO2-
equivalents per kg. For a full overview of the coefficients, decision variables and 
objective functions, see table 4. 

Table 4. Summary of the optimization coefficients and decision variables. 

Objective function, 2(4) Unit of 
coefficients, 6( 

Unit of decision 
variables, 4( 

Unit of 
result 

GWP CO2-eq per kg kg CO2-eq 
AP SO2-eq per kg kg SO2-eq 
EP NO3--eq per kg kg NO3--eq 

Cost SEK per kg kg SEK 

 Constraints 

The constraints that were used in the linear programming problem would ensure that, 
even though the aim was to minimize environmental impacts and cost, the food would 
contain the essential nutrition a person need on a daily basis. Most of the boundaries were 
taken from the Nordic Nutritional Recommendations (NNR) [43]. Over one hundred 
experts have participated in reviewing these recommendations and they have tried to 
assess the connections between meal patterns, food, nutrition and health aspects [43]. The 
nutritional values of each product were taken from The National Food Agency food 
database [44], and can be seen in detail in appendix D. 

The first constraint regarded the energy intake (EI). According to the NNR [43], an EI 
under approximately 1900 kcal per day was considered a low EI, which leads to an 
increased risk of insufficient micronutrients intake, such as minerals and vitamins. 
Therefore, our first constraint was to have a higher EI than this, rounded off to 2000 kcal.  

The following constraints regarded macronutrients such as fats, carbohydrates and 
proteins. According to NNR [43], 25-40% of the total EI should come from fat, 45-60% 
from carbohydrates (carbs) and 10-20% from proteins. For a complete list over the 
constraints for the optimization, see table 5. 
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Table 5. Constraints for the optimization given by the average daily need of 
macronutrients for an adult [43]. The boundary for sugar intake come from the source 
[45]. All macronutrient intake but fiber intake is recommended as a share of the total 

EI. 

Macronutrients Lower boundary Upper boundary 
EI 2000 [kcal] - 
Fat 25% of EI 40% of EI 

Saturated fat - 10% of EI 
Mono-unsaturated fat 10% of EI 20% of EI 
Poly-unsaturated fat 5% of EI 10% of EI 

Carbs 45% of EI 60% of EI 
Fiber 25 [g] 35 [g] 

Sugars - 10% of EI 
Protein 10% of EI 20% of EI 

 

In addition to macronutrients, there are also essential micronutrients. In the NNR, an 
estimated average need, a lowest intake need and an upper limit on a daily basis was given 
for some vitamins and minerals. The NNR did not cover all known micronutrients, e.g 
chromium and fluoride, due to insufficient data [43]. 

The lower boundary that would be used in the linear programming problem was the 
estimated average need for men.  The estimated average need for men was used because 
men’s average need tend to be slightly higher than women’s [43], approximately 0-33% 
higher. This value was used to make sure that everyone gets the essential micronutrients. 
The upper boundary that would be used was the NNR’s upper limit which was the same 
for both men and women [43]. For a full list of constraints that regards vitamins, see table 
6, and minerals, see table 7. 
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Table 6. Constraints for the optimization given by the average daily need of vitamins for 
an adult [43]. The boundaries for vitamin E and K come from sources [46] and [47] 

respectively. 

Vitamin Unit Lower boundary Upper boundary 
A µg 600 3000 
B6 mg 1.3 25 
B12 µg 1.4 - 
C mg 60 1000 
D µg 7.5 100 
E µg 10 - 
K µg 70 - 

Folate µg 200 1000 
Niacin mg 15 - 

Thiamine mg 1.2 - 
Riboflavin mg 1.4 - 

 
Table 7. Constraints for the optimization given by the average daily need of minerals 

for an adult [43]. The boundary for Magnesium come from source [48]. 

Mineral Unit Lower boundary Upper boundary 
Calcium mg 500 2500 
Copper mg 0.7 5 
Iodine µg 100 300 
Iron mg 7 25 

Magnesium mg 350 - 
Phosphorus mg 450 3000 
Potassium mg 1600 3700 
Selenium µg 35 300 

Zinc mg 6 25 

 Sensitivity analysis using shadow prices 

To analyse how sensitive our optimization model was to changes of the boundaries, a 
study of the constraints’ shadow prices was conducted. A shadow price tells how a unit 
change of a boundary would alter the final value [49]. In other words, a small change of 
boundary with a large shadow price would alter the value of the optimized objective 
function relatively much. In this case, shadow prices tell how the representative 
procurement’s minimized environmental impacts or cost would change if the constraints 
are changed. The reasoning then was that the constraint with the largest shadow price 
would be responsible for a disproportionate contribution to the objective function’s 
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minimized value. The constraint with the largest shadow price was removed and the new 
minimum value was compared with the original one. 
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 Results 
Firstly, in section 4.1, the environmental impacts of each of the procurements are 
presented. This is followed in section 4.2 by the results from the optimization that show 
what a representative procurement would consist of when minimizing a specific 
environmental impact. Lastly, a sensitivity analysis of the optimization will be presented 
in section 4.3. 

4.1 The environmental impacts of a procurement 

After studying environmental impacts of each RP, GWP, AP and EP were calculated for 
each procurement. The total environmental impacts, per serving and per kg, are presented 
in table 8 and 9 respectively. It is important to mention that the weights of the servings 
varied between the two procurements. An average serving for procurement A and B 
weighs approximately 337g and 550g respectively.  

Table 8. The total environmental impacts per serving of each procurement regarding 
GWP, AP and EP. A serving weighed approximately 337g and 550g for procurement A 

and B respectively. 

Environmental 
Impact 

GWP [kg CO2-eq 
per serving] 

AP [kg SO2-eq 
per serving] 

EP [kg NO3--eq 
per serving] 

Procurement A 0.77271 0.00716 0.04207 
Procurement B 1.16354 0.01125 0.06711 

 

Table 9. The total environmental impacts per kg of each procurement regarding GWP, 
AP and EP. 

Environmental 
Impact 

GWP [kg CO2-eq 
per kg] 

AP [kg SO2-eq 
per kg] 

EP [kg NO3--eq 
per kg] 

Procurement A 2.29144 0.02120 0.12478 
Procurement B 2.10246 0.02027 0.12133 

 

Figure 2 presents the contribution of each category to the total environmental impacts of 
a procurement. The most distinct result is that the categories Dairy and Meat accounted 
for the majority of the environmental impacts in both procurements. 
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Figure 2. The contribution to the total environmental impacts of each category for 
procurement A and B respectively. 

4.2 Minimizing environmental impacts 

The results of the linear programming optimization can be seen in figure 3. One noticeable 
result is that there are some products that are completely left out and should not be a part 
of a procurement when the purpose is to minimize neither environmental impacts nor 
cost. These products were corn, beef, hard cheese, yogurt and eggs. This means that it is 
possible to get the essential nutrition from other products that are cheaper or have lower 
environmental impacts. Another noticeable result is that the PG wheat represented a fifth 
of the representative procurement’s weight, for all of the chosen environmental impacts 
(when minimized). Excluding for AP, milk was the most prominent PG of the 
representative procurement when minimized for all chosen objective functions. 
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Figure 3. The weight constituents of a representative procurement when minimized for different environmental impacts and cost.
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As shown in table 10, the optimization also showed that the most expensive 
environmental impact to minimize was AP. The cheapest environmental impact to 
minimize was the procurement’s GWP. Minimizing AP leads to relatively high values in 
the other impact categories.  

Seen in table 10, column 2, the daily EI is no more than the lowest necessary for all of 
the optimization objectives except for AP. For the minimized AP the EI is 455kcal more. 
As shown in column 3, the weight of the daily intake varies between the different 
optimization objectives. The lightest daily intake was for minimizing EP and the heaviest 
was for minimizing GWP. The heaviest daily intake was 0.13 kg, 8.7%, heavier than the 
lightest. 

Table 10. The variation of the GWP, AP, EP and cost, per daily intake, with different 
optimization objectives. 

Optimization 
objective 

Energy 
[kcal] 

Weight 
[kg] 

GWP [kg 
CO2-eq] 

AP [kg 
SO2-eq] 

EP [kg 
NO3--eq] 

Cost 
[SEK] 

GWP 2000 1.63 1.04 0.013 0.052 30.0 
AP 2455 1.61 2.61 0.007 0.250 45.7 
EP 2000 1.50 1.47 0.011 0.038 36.2 

Cost 2000 1.57 1.22 0.021 0.068 24.4 
 

4.3 Sensitivity analysis 

The shadow price shows how much the value of the optimized objective function would 
change if its corresponding constraint would change by one unit (see section 3.6.3). When 
using the simplex method, different shadow prices were identified for the minimization 
problem regarding GWP, AP, EP and cost. Each objective function was minimized once 
more, but without its constraint with the largest shadow price. 

In table 11, the constraint with the largest shadow price for each optimization objective 
as well as the value of the shadow price is shown. 

Table 11. The constraint with the largest shadow price for each optimization objective. 

Optimization 
objective Constraint Shadow price 

GWP Vitamin D 61.8×10-3 
AP Vitamin D 0.688×10-3 
EP Riboflavin 9.94×10-3 

Cost Thiamine 3.26 
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Without these constraints on the daily intake, the values of all of the optimized objective 
functions were reduced. The most noticeable results were GWP and AP; both these 
environmental impacts were reduced with 23.8% and 27.4% respectively (see figure 4). 
Meanwhile, EP and cost did not decrease significantly; they reduced with 1.5% and 1.3% 
respectively (see figure 4). 

 
Figure 4. Each graph shows the minimized value of an objective function with, and 

without, its respective constraint with the largest shadow price. The constraint excluded 
for GWP and AP was vitamin D, for EP it was riboflavin and for cost it was thiamine. 
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 Discussion 
In the discussion follows an analysis of the results from the studied procurements in 
section 5.1. Section 5.2 begins with analysing and discussing the methodology and results 
of minimizing a representative procurement. A discussion of the results from the 
sensitivity analysis follows. The section ends with a discussion of what the proposed 
methodology could do for public procurements of food.  

5.1 Environmental impacts of the studied procurements 

In this study, it has been found that procurement B had a higher environmental impact 
per serving than procurement A.  Procurement B causes more for each environmental 
impact per serving, where GWP, AP and EP were 50.6%, 57.1%, 59.5% higher 
respectively. Although, this difference is not as noticeable when the procurements’ 
environmental impacts are represented per kg instead of per serving. In that case, 
procurement A has a higher environmental impact per kg for each environmental impact 
category. It then has 9.0%, 4.6% and 2.8% greater GWP, AP and EP, respectively, than 
procurement B. 

It could be argued that procurement A has a higher environmental impact than B, but the 
authors of this thesis argue that it is not the case. Even though procurement A had a 
slightly higher impact than B per kg, the authors mean that representing per kg will not 
provide a fair view of the environmental impacts which every meal is causing. One factor 
being that the same weight of different food products contains different amounts of 
nutrition, which by extension leads to servings weighing differently. Consequently, it is 
recommended to represent the procurements’ environmental impact per serving instead. 

5.2 Reducing the environmental impacts of a procurement 

 Methodology for minimizing environmental impacts 

It is not useful to conclude that one food has lower environmental impacts than another 
based only on its environmental impacts per kg. It is of importance to know what a serving 
consists of to tell its environmental impacts compared to its nutritional value. However, 
the fact that the environmental impacts increase with weight means that servings should 
not be larger than they have to be.  Therefore, lowering the environmental impacts cannot 
be isolated from ensuring sufficiency of the daily nutrition intake—following the 
recommended intakes. Our second research question seeks to answer this question. 

This thesis has found the optimal average consumption of food for an adult person to 
minimize one of three different environmental impacts whilst supplying sufficient 
nutrition. However, it should be stated that this result is not without critique. Due to the 
assumptions and simplifications the values are better as relative- than absolute values.  
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The relative values, however, point towards which products and how much of these 
should be bought in the case when minimizing a specific environmental impact. When 
minimizing the environmental impacts, there are some products that should not be a part 
of the daily intake at all, no matter the studied environmental impact. Among these 
products are beef and pork. It is possible for people to get the essential nutrition from 
other food products, which have lower environmental impact than beef and pork.  

 The cost of minimizing environmental impacts 

The cheapest environmental impact to minimize was GWP. The most expensive one to 
minimize was AP (see table 10). This would perhaps suggest that there is a need for 
innovation in order to bring the cost of lowering AP down. Minimizing the AP also would 
increase the remaining environmental impacts, i.e. GWP and EP (see table 10). The 
authors propose that a procurement, therefore, should not minimize the AP. It is overall 
important to recognize that when minimizing one environmental impact category, others 
are not considered and may be comparatively high. 

 The large impact of supplying vitamin D-needs 

The authors did not expect that milk would represent a big part of the procurement in 
three out of the four scenarios (see figure 3 and 4). The reason why this is the case, 
however, appears to be because of vitamin D. There are limited dietary sources of vitamin 
D [50]. Among these are oil-rich fish, eggs, meat, milk and dairy, where the latter is 
vitamin D-fortified in Sweden. Vitamin D may also come from synthesis in the skin when 
it receives sunlight  [50]. During summer, sunlight exposure is the main source of vitamin 
D, but during winter season the sunlight is not strong enough to trigger this synthesis of 
vitamin D [50]. Thus, the vitamin D-need from dietary sources is varying.  

The boundary for vitamin D-intake, used in the minimization, is an average need and does 
not take the varying need into account. In the sensitivity analysis, it is noticeable that the 
minimum environmental impact- with regards to GWP and AP- get significantly smaller, 
approximately 23-27% smaller, when vitamin D-need is not considered. Based on this, it 
might be argued that vitamin D from other sources can present a better alternative. A 
possible solution could be supplements, which are an effective method of increasing the 
vitamin D-intake [50]. In this thesis, the environmental consequences of switching 
vitamin D-rich products to other dietary alternatives or supplements were not analysed, 
but would be of interest to analyse in the future. 

 Avoiding environmental demands 

There are challenges to provide food with low environmental impacts in public 
procurements. At first, to make environmental demands on tenderers can be difficult to 
realize, where these demands could in fact interfere with the fundamental principles 
which every public procurement must follow (see section 3.3.1). Further, municipalities 
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struggle with changing the food production of the producers with their environmental 
demands, because of their small influence, and producers also find it difficult to adjust 
their production to the public procurements (see section 3.3.2).  

However, the method for minimizing environmental impacts while meeting nutritional 
demands present a possible solution for a public procurement of food to decrease its 
environmental impacts. It would allow public procurements to ask for products that would 
have lower environmental impacts relative to the current ones without making demands 
that could conflict with the fundamental principles of public procurements. For example, 
instead of choosing products like beef, the procurement could contain products which 
satisfies nutritional needs but with smaller environmental impacts. This would reduce the 
public procurements’ environmental impacts, although municipalities would not have to 
make environmental demands on the tenderers.  

The authors believe that this approach, to minimize the environmental impacts whilst 
taking nutritional needs into account, could be a solution to avoid the problems which 
occur when municipalities are making environmental demands.  
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 Conclusions 
When analysing a procurement’s environmental impacts, a choice must be made on how 
to represent the environmental impacts. The results show that when representing the 
procurements’ environmental impact per serving it seems to be a significant difference 
between the procurements. Although, when representing the impacts per kg, they are 
more equal. Regardless of the serving’s weight, it is of more importance that each serving 
fulfils some specific nutritional need. Therefore, we argue in this thesis that the former is 
the better way of representing a procurement. The environmental impacts of 
procurements A and B are approximately: 0.773kg and 1.164kg CO2-eq, 0.007 and 
0.011kg SO2-eq as well as 0.042kg and 0.067kg NO3--eq respectively per serving. 

There are some challenges for public procurements to make environmental demands on 
tenderers. That is due to the fundamental principles every public procurement must 
follow. To decrease its environmental impacts, an alternative methodology by which a 
procurement can be organized is suggested in this thesis. The approach is based on a 
methodology to minimize the environmental impacts of a representative procurement 
whilst supplying sufficient nutrition. The results show that the environmental impacts and 
cost for minimizing each environmental impact category differs. Also, minimizing one 
environmental impact can lead to high impact for another category. Therefore, care must 
be taken when applying the proposed methodology. 

To improve the methodology, the authors recommend further studies to elaborate on it. 
Areas in need of elaboration include allocation of emissions, intra-variation of products, 
including the whole life cycle when extracting data from a LCA, etc. There would also 
be of interest to look into the possibility of finding an optimal procurement that considers 
all environmental impacts simultaneously, i.e. not minimizing each environmental impact 
independently. 
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Appendix A 
Grouping products into product groups and selecting a 
representative product 

Similar products were grouped into groups, (e.g. see tables 12 and 14), where PGs were 
rice and roots and beats, respectively. For simplification, each PG was represented by a 
single RP (e.g. see tables 13 and 15). The RP was chosen by having a large of a share of 
the PG’s weight as possible. This was done consequently for all PG except for codfish, 
where data of environmental impacts were lacking for all types of fish but cod. 

Table 12. An example of products contained in the PG rice and their weights. 

Product Weight of product [kg] 

Rice noodles 132 
Rice porridge 3061 
Rice, Avorio 1 
Rice, Basmati 21840 

Rice, wholegrain 2580 
Rice, Jasmine 2880 

Rice, long grain 5012 

S 35506 
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Table 13. An example of the RP rice being motivated for the PG rice. The RP’s share of 
the PG’s total weight was 92.6%. 

Product RP share of product weight Weight of RP [kg] 

Rice noodles 95% 125 

Rice porridge 14% 429 

Rice, Avorio 100% 1 

Rice, Basmati 100% 21840 

Rice, wholegrain 100% 2580 

Rice, Jasmin 100% 2880 

Rice, long grain 100% 5012 

 S 32867 

 

Table 14. An example of products contained in the PG roots and beets and their 
weights. 

Product Weight of product [kg] 

Carrots 39744 

Parsnip 1550 

Roots mixed 772 

Celery 326 

Celeriac 1454 

Beetroots 4566 

Yellow beet 223 

Chioggia 41 

Salsify 1 

S 48677 
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Table 15. An example of the RP carrot being motivated for the PG roots and beets. The 
RP’s share of the PG’s total weight was 82.0%.  

Product RP share of product weight Weight of RP [kg] 

Carrots 100% 39744 

Parsnip 0% 0 

Roots mixed1 25% 193 

Celery 0% 0 

Celeriac 0% 0 

Beetroots 0% 0 

Yellow beet 0% 0 

Chioggia 0% 0 

Salsify 0% 0 

 S 39937 
1The value “RP share of product weight” is assumed 
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Appendix B 
How environmental impacts of cod was calculated 

In order to find the environmental impacts of cod two different LCAs was used. One LCA 
(LCA A) [25] contained data about the lifecycle of cod from fishing to retail. In order to 
fit the data in LCA A to this study, percent bases of environmental impacts of the fishing 
and industrial processes from a LCA (LCA B) [26] are used. According to LCA B [26], 
89% of the GWP, 97% of AP and around 70% of EP stem from these two processes. It 
should be noted that the system boundaries in the two LCAs are different, however the 
environmental impacts of the differing system boundaries were deemed negligible. 
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Appendix C 
How environmental impacts of rye bread was calculated 

Due to the lack of a LCA for rye bread, the LCA for wheat bread was combined with data 
from the database Ecoinvent 3.3. It was assumed that the industrial process for both 
wheat- and rye bread were equal, what differs between the two bread types was assumed 
to be what kind of flour the bread was based on. According to the LCA for wheat bread 
[37], 683g of wheat flour were needed for one kg of bread. It was assumed the same 
amount of rye flour was needed for one kg of bread. Added to the environmental impacts 
of the industrial process according to the LCA were the environmental impacts of the 
amount of rye flour needed [37,38]. It is assumed that one kg of rye grain grinds down to 
one kg of rye flour. 
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Appendix D 
How environmental impacts of rye bread were calculated 

The macro-nutritional values of the different RPs used in the representative procurement 
are shown in table 16. Vitamin and mineral values of the RPs are shown in tables 17 and 
18 respectively. All nutritional values come are taken from The National Food Agency 
food database [44]. In table 19 the name of the database entry from which RPs nutritional 
values were taken are shown.  

Table 16. The macro-nutritional value of the different RPs. Saturated-, mono-
unsaturated- and poly-unsaturated fats are abbreviated as SF, MUF and PUF 

respectively. 

Product 
Energy 

[kcal/kg] 
Fat 

[g/kg] 
SF 

[g/kg] 
MUF 
[g/kg] 

PUF 
[g/kg] 

Carbs 
[g/kg] 

Fiber 
[g/kg] 

Sugar 
[g/kg] 

Protein 
[g/kg] 

Cod 783 5.0 0.8 0.5 2.1 0.0 0.00 0.0 181.9 
White 

cabbage 300 1.0 0.2 0.0 0.6 47.0 2.58 5.7 11.3 

Corn 800 15.0 3.4 4.1 5.4 129.0 29.00 58.0 21.2 
Tomatoes 180 1.3 0.2 0.2 0.6 26.0 13.00 28.0 8.1 
Carrots 360 2.4 0.5 0.0 1.4 66.0 24.00 62.0 6.9 

Beef 1290 42.2 18.8 16.4 2.8 0.0 0.00 0.0 222.2 
Pork 1546 86.7 37.1 35.8 9.5 0.0 0.00 0.0 191.9 

Chicken 1700 110.0 35.1 52.8 16.0 0.0 0.00 0.0 180.0 
Milk 470 15.0 9.6 3.7 0.4 48.0 0.00 49.0 35.7 
Hard 

cheese 3580 271.0 177.8 62.2 9.7 30.0 0.00 0.0 261.6 

Yogurt 560 27.0 17.5 6.4 1.0 45.0 0.00 29.0 33.7 
Pasta 3600 12.0 1.3 1.7 5.0 719.0 31.00 5.0 125.0 
Rice 3520 7.0 1.2 2.3 2.4 769.0 10.00 1.0 78.0 

Potatoes 790 1.0 0.0 0.0 0.0 164.0 20.90 8.0 17.4 
Wheat 
bread 2860 78.0 39.8 24.9 9.1 446.0 28.00 19.0 76.0 

Rye bread 3600 40.3 5.3 5.4 17.5 651.0 136.00 17.0 82.8 
Rapeseed 

oil 8840 1000.0 70.7 612.8 274.0 0.0 0.00 0.0 0.0 

Eggs 1414 101.2 28.8 39.6 15.1 4.0 0.00 4.0 123.8 
Soy beans 1680 68.1 7.3 13.8 33.2 55.0 74.00 0.0 176.5 

Chick 
peas 

1280 25.0 2.7 6.7 10.6 157.0 62.00 4.0 75.0 
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Table 17. The vitamin values of the different RPs. When data was missing it was marked 

with -, and the value was treated as zero in the optimization. 

Products A [µg/ 
kg] 

B6 
[mg/
kg] 

B12 
[µg/
kg] 

C 
[mg/ 
kg] 

D 
[µg/
kg] 

E 
[µg/
kg] 

K 
[µg/ 
kg] 

Folate 
[µg/ 
kg] 

Niaci
n 

[mg/ 
kg] 

Thia
mine 
[mg/ 
kg] 

Ribo
flavi
ne 

[mg/
kg] 

Cod 23.0 1.40 14.1 0.0 18.4 6.70 0 140.0 21.60 0.50 0.5 
White 

cabbage 0.5 0.17 0.0 46.2 0.0 0.03 440 19.1 0.32 0.05 0.0 

Corn 38.0 1.00 0.0 33.0 0.0 0.90 0 537.0 14.4 0.30 0.7 
Tomatoes 432.0 1.00 0.0 148.0 0.0 7.40 34 166.0 5.80 0.30 0.0 
Carrots 8615.0 1.40 0.0 49.0 0.0 5.70 80 222.0 8.00 0.40 0.0 

Beef 75.0 3.80 11.9 0.0 0.3 6.70 34 48.0 56.80 0.80 1.9 
Pork 90.0 4.80 6.7 0.0 5.6 4.00 - 36.4 66.80 7.90 2.8 

Chicken 510.0 4.80 4.4 0.0 15.0 18.5 - 210.0 77.00 1.50 1.9 
Milk 138.0 0.50 5.9 6.0 10.0 0.40 4 146.0 0.70 0.50 1.5 
Hard 

cheese 2560.0 0.50 18.5 0.0 1.0 7.00 287 244.0 0.00 0.10 3.2 

Yogurt 230.0 0.40 2.1 0.0 5.6 0.60 9 138.0 1.20 0.30 2.1 
Pasta 0.0 0.60 0.0 0.0 0.0 7.00 - 120.0 17.00 0.90 0.6 
Rice 0.0 5.60 0.0 0.0 0.0 0.00 - 90.0 5.00 0.40 0.5 

Potatoes 6.0 2.10 0.0 236.0 0.0 0.70 12 191.0 20.10 0.60 0.3 
Wheat 
bread 570.0 2.00 5.9 0.0 4.6 11.0 - 360.0 24.20 2.00 1.6 

Rye bread 0.0 1.50 0.0 0.0 0.0 4.90 32 772.0 14.50 1.90 1.3 
Rapeseed 

oil 0.0 0.00 0.0 0.0 0.0 261 1280 0.0 0.00 0.00 0.0 

Eggs 2526.0 1.00 21.7 0.0 14.7 59.4 257 836.0 0.00 0.70 4.6 
Soy beans 0.0 3.50 0.0 0.0 0.0 31.8 24 1380.0 17.90 5.10 2.7 
Chick peas 11.0 1.10 0.0 0.0 0.0 12.9 137 728.0 2.00 0.50 0.3 

 
 
 
 
 
 
 
  



 41 

Table 18. The mineral values of the different RPs. When data was missing it was 
marked with -, and the value was treated as zero in the optimization. 

Product Calcium 
[mg/kg] 

Cop
per 

[mg/
kg] 

Iodine 
[µg/ 
kg] 

Iron 
[mg/ 
kg] 

Magne
sium 
[mg/ 
kg] 

Phosph
orus 
[mg/ 
kg] 

Potassi
um 

[mg/ 
kg] 

Selen
ium 
[µg/ 
kg] 

Zinc 
[mg/ 
kg] 

Cod 120.0 0.40 1800.0 1.20 270.0 2170.0 4020.0 273.0 6.00 
White 

cabbage 41.0 0.02 2.0 0.21 11.0 24.0 240.0 0.0 0.12 

Corn 30.0 0.40 0.0 3.00 150.0 465.0 1510.0 0.0 3.60 
Tomatoes 125.0 0.40 20.0 1.90 90.0 225.0 2400.0 0.0 0.90 
Carrots 260.0 0.30 4.0 1.90 80.0 230.0 2100.0 0.0 1.60 

Beef 50.0 0.80 27.0 26.20 226.0 1901.0 3280.0 75.3 46.20 
Pork 85.9 - 17.9 12.60 245.5 1784.5 3378.4 99.9 24.20 

Chicken 85.0 - 50.0 12.00 220.0 1785.0 2415.0 100.0 13.10 
Milk 1220.0 0.10 120.0 0.20 110.0 1040.0 1630.0 16.2 4.30 
Hard 

cheese 6890.0 0.40 120.0 1.40 313.0 4400.0 771.0 0.0 34.50 

Yogurt 1155.0 0.20 80.0 0.80 112.0 907.0 1625.0 0.0 15.80 
Pasta 270.0 - - 13.00 480.0 1620.0 1970.0 10.0 10.00 
Rice 0.0 1.40 26.0 0.00 90.0 1320.0 520.0 0.0 13.00 

Potatoes 44.0 0.50 2.0 4.00 218.0 431.0 3785.0 0.5 2.20 
Wheat 
bread 615.0 - - 8.00 201.0 1143.0 1916.0 10.0 6.00 

Rye bread 480.0 3.10 68.0 24.60 810.0 2700.0 4500.0 0.0 22.10 
Rapeseed 

oil 0.0 0.00 0.0 0.00 0.0 0.0 0.0 0.0 0.00 

Eggs 541.0 0.70 463.0 19.70 113.0 1898.0 1374.0 272.4 13.20 
Soy beans 1030.0 4.90 20.0 35.60 1250.0 2910.0 2440.0 66.0 19.40 
Chick peas 680.0 2.90 13.0 16.30 341.0 1034.0 1628.0 198.0 10.60 
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Table 19. The name of the database entry in The National Food Agency food database 
[44], from which the nutritional values were taken for each RP. 

Product Name of database entry 
Cod Cod raw 

White cabbage Cabbage 
Corn Corn kernels canned drained 

Tomatoes Tomato 
Carrots Carrot 

Beef Beef raw 
Pork Pork raw1 

Chicken Chicken meat w/ skin raw 
Milk Semi-skimmed milk fat 1.5% fortified w D-vitamin 

Hard cheese Hard cheese fat 26% 
Yogurt Yoghurt natural fat 3% 
Pasta Pasta macaroni spaghetti 
Rice Rice white long-grain dry 

Potatoes Potatoe raw 
Wheat bread Wheat bread unsweetened 
Rye bread Crisp bread wholemeal rye 

Rapeseed oil Rapeseed oil 
Eggs Egg organic 

Soy beans Veg. mince soya protein frozen 
Chick peas Chickpeas canned 

1Translated from “fläsk kött rå”, the entry is only present as an entry in Swedish. 
 


