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Executive summary 
 

CONTEXT 

Our global food system is under immense pressure: it needs to accommodate the needs for a growing population, 

whilst limiting its environmental impact. Currently, the global food system is responsible for 21-37% of global 

greenhouse gas emissions (IPCC, 2019), and is a key driver of deforestation, biodiversity loss and land 

degradation worldwide. At the same time, unhealthy food consumption patterns are responsible for a significant 

disease burden, associated with non-communicable diseases such as diabetes, ischemic heart disease and 

colorectal cancer (Afshin et al., 2019).  

As shown by influential studies like the EAT-Lancet report (Willett et al., 2019), changing our diets towards more 

plant-based products instead of animal-sourced products, can play a key role in both reducing environmental 

impacts and improving health outcomes. Through this study, WWF Belgium aims to investigate how such a diet 

would look like for the Belgian context. Using Optimeal® software, the current Belgian diet was optimized in 

order to meet nutritional guidelines as set by the Belgian government, and to limit global warming associated 

with food production to 1.5 degrees above pre-industrial levels.  

This study contributes to the objective of Eat4Change, a European project aiming at the transition towards more 

sustainable consumption and production in Belgium and Europe, with a special focus on the livestock sector. 

More specifically, by 2024 targeted European Youth will: 

ω Have ƎǊŜŀǘŜǊ ŀǿŀǊŜƴŜǎǎ ƻŦ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŘƛŜǘǎ ƻƴ άtŜƻǇƭŜ ŀƴŘ tƭŀƴŜǘέ ŀƴŘ ŀ ŎǊƛǘƛŎŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 
their role as consumers and active citizens; 

ω Contribute to SDGs and climate actions by embracing more sustainable diets and influencing peers;  
ω Support engagement with corporations and policy makers for improved practices and policy 

coherence. 
 

METHODOLOGY 

¢ƘŜ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ .ŜƭƎƛŀƴ ŘƛŜǘ ǿŀǎ ōŀǎŜŘ ǳǇƻƴ 9C{!Ωǎ 9ǳǊƻǇŜŀƴ CƻƻŘ /ƻƴǎǳƳǇǘƛƻƴ ŘŀǘŀōŀǎŜΣ ŀƴŘ 

was linked to environmental impact data derived from .ƭƻƴƪ /ƻƴǎǳƭǘŀƴǘǎΩ wL±a ŘŀǘŀōŀǎŜΣ ŀƴŘ ǘƻ ƴǳǘǊƛǘƛƻƴŀƭ Řŀǘŀ 

from Nubel. To guide the optimization process in Optimeal, constraints were set on individual nutrients, on food 

groups (through food based dietary guidelines), and on greenhouse gas emissions (constraint for 2030, ensuring 

global warming stays below 1.5 degrees). Optimeal uses quadratic programming to find a diet that meets all 

constraints, whilst remaining close to the original diet. 

This assessment has been carried out for 3 individual diets (adults, adolescents and children), based on which 

the overall impact for a family of four has been established (consisting of two adults, one adolescent and one 

child). Next to climate change, it was also examined how the optimized diet influences other properties, including 

land use, biodiversity and expenditure. 

 

RESULTS 

Dietary composition and carbon footprint 

This optimised diet, as depicted in below figure, provides a sustainable and healthy diet for all family members 

as it adheres to all Belgian nutritional guidelines set for the individual family members, and ensures that carbon 

emissions per person do not exceed the 1.5 degrees target for 2030. The carbon footprint of the diet of the family 

of four more than halves; from 16.7 kg CO2-eq/day to 8.0 kg CO2-eq/day.  



 

 

 

 

The dietary changes that have led to this reduced environmental impact and improved health outcomes can be 

summarised as follows: 

ω The optimised diet is characterised by a higher share of plant-based products, particularly those with a 

high nutritional quality, such as fruits, vegetables, legumes, nuts, plant-based dairy replacers, oilseeds 

and grain-based products. In this way the diet adheres to all nutritional and food based dietary 

guidelines (such as recommended intake of fruits, vegetables, vitamins and minerals), which were not 

met in the reference diet. 

ω Animal-sourced products decrease considerably, due to their relatively high environmental burden. 

Meat can still be consumed in an optimised diet, but in much lower quantities (18% of the original 

amount). Dairy products reduce by 53% and are largely replaced by plant-based alternatives. Eggs are 

the only animal-sourced foods of which the quantity increases in the optimised diet, as they can 

deliver important nutrients for a relatively low environmental impact. 

ω The quantity of products that contain high level of fats, salt and added sugar (including snacks, 

confectionary, soft drinks, and processed meat) reduce significantly. This is also reflected in a 

decreased NOVA score, which is an indication of the degree of food processing. The share of minimally 

processed products increases, linked to a higher consumption of fruit and vegetables. Processed and 

highly processed products on the other hand (including soft drinks, processed meat, snacks and 

desserts), have decreased. 



 

 

 

Environmental impacts 

Next to climate change, the food system is a primary driver of biodiversity loss around the world. In order to 

ŜǎǘƛƳŀǘŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŘƛŜǘǎ ƻƴ ōƛƻŘƛǾŜǊǎƛǘȅΣ ǘƘŜ ƛƴŘƛŎŀǘƻǊ άŘŀƳŀƎŜ ǘƻ ŜŎƻǎȅǎǘŜƳǎέ Ƙŀǎ ōŜŜƴ ǳǎŜŘ. This indicator 

aggregates several individual environmental indicators (global warming, water consumption, ecotoxicity, 

eutrophication, acidification and land use), to provide a rough indication of the impact on freshwater, marine 

and terrestrial species. The sharp decline (-44%) in the impact of the optimised diet indicates that pressures on 

ecosystems are significantly lower for diets that are both sustainable and nutritious. This is also reflected by the 

lower land use: the land surface necessary to support food production reduces by 37% for the optimized diet, 

thus reducing the pressure on (already fragile) natural areas. This is also attributed to the reduced consumption 

of animal products, which require a large share of land to accommodate crops necessary to feed the animals. 

 

Cost of the diet 

Currently, a family of four in Belgium spends on average 172 euros on food and drinks for an entire week. The 

optimised diet leads to a cost reduction: the average expenditure drops to 158 euros per week. This leaves some 

room to switch to certified ethically or sustainably produced products, such as organic, Utz/Rainforest Alliance 

or Fairtrade. It was evaluated how much of these certified alternatives can be introduced for a selected number 

of products without increasing the total cost of the weekly basket. For a selected group of products (fruits, 

vegetables, meat, dairy, coffee, and tea) it would be possible to purchase 30% of certified products, without 

exceeding the original weekly budget.  

 

  



 

 

CONCLUSION 

This study demonstrates the double role that diets can play towards both achieving global climate targets and 

contributing to better public health. A shift from animal-based products towards plant-based products has the 

potential to keep global warming below 1.5 degrees, limit the expansion of agricultural land, and avert negative 

impacts on biodiversity. At the same time, this diet would reverse unhealthy eating patterns by lowering the 

consumption of food high on sugar, salt and saturated fats (associated with obesity and a variety of non-

communicable diseases). Instead, the diet meets all nutritional guidelines as set by the Belgian government ς 

ensuring the recommended intake of vitamins, minerals and important food groups, such as fruits, vegetables, 

and legumes. 

This shift towards more plant-based diets does not entail higher food expenditures for Belgian families. On the 

contrary, the costs of the diet reduces by 9%, and thus leaves room to purchase certified products that stimulate 

environmental sustainability, as well as social responsibility, in the production chain. 
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1. Introduction  
The global food system faces tremendous challenges: it needs to accommodate the needs of a growing 

population, which reaches over 10 million by the end of this century (United Nations: Department of Social and 

Economic Affairs, 2019), whilst also staying within limits of the planetary boundaries. The global food system is 

already responsible for an estimated 21-37% of global greenhouse gas emissions (IPCC, 2019), which is likely to 

increase as a result of the growing population and changing diets.  

In order to prevent far-reaching climate change impacts, the global temperature rise needs to be limited to 1.5 

degrees above pre-industrial level, as underpinned by the Paris Agreement. With its significant contribution to 

greenhouse gas emissions worldwide, the global food system can play an important role in achieving this target. 

At the same time, food production is vulnerable to the effects of climate change, which leads to projected yield 

reductions of up to 10-15% through rising temperatures, changing precipitation patterns, and a higher frequency 

of extreme events (IPCC, 2019).  

Food production is also the primary cause of biodiversity loss in the world, and the biggest driver of conversion 

of natural ecosystems into cropland or pasture. Of the ǿƻǊƭŘΩǎ agricultural land, 78% is attributed to animal 

farming, including grazing lands for animals as well as arable lands used for animal feed production (Benton, Bieg, 

Harwatt, Pudasaini, & Wellesley, 2021). Furthermore, agriculture affects ecosystems through high use of 

chemical fertilizers, leading to an accumulation of nutrients in water bodies, also referred to as eutrophication. 

The resulting excessive growth of algae can damage aquatic organisms and deteriorates water quality.  Nearly 

all freshwater and coastal marine ecosystems in the world are affected by some degree of eutrophication (Smith 

& Schindler, 2009).  

Our food consumption does not only impact the environment, but also our health. Dietary risk factors (over or 

under consumption of fruits, vegetables, processed meat and salt), are associated with a high global burden of 

non-communicable diseases, such as diabetes, ischemic heart disease and colorectal cancer (Afshin et al., 2019).  

Influential studies pinpoint diets as a major opportunity to reduce both GHG emissions and improve health 

outcomes (IPCC, 2019; Willett et al., 2019). The EAT-Lancet report has defined a planetary health diet, a diet that 

is rich in plant-based foods, low on animal-based foods, and limits the amount of saturated fats, highly processed 

foods and added sugars. By optimizing human health and minimizing climate change impacts, such a diet can 

achieve both the SDGs and the Paris Agreement. 

Our daily food choices can thus greatly impact both the environment and our health. It is therefore essential that 

we know what constitutes a diet that is both sustainable and healthy. WWF Belgium has initiated this study to 

translate these global ambitions to the Belgian context. What changes would the Belgian diet have to undergo 

to meet both nutritional and environmental targets? This study contributes to the objective of Eat4Change, a 

European project aiming at the transition towards more sustainable consumption and production in Belgium and 

Europe, with a special focus on the livestock sector. 

Blonk Consultants was commissioned to provide an answer to this question, and has used its Optimeal ® software 

to model how the Belgian diet would have to be altered in order to limit global warming to 1.5 degrees and to 

meet all nutritional guidelines as set by the Belgian health authorities, whilst staying as close as possible to the 

current diet. 

After describing the objectives, used data and methodology (chapters 2 and 3), this report gives detailed insights 

into how a sustainable and healthy diet looks like for adults, adolescents, and children (chapter 4). Next to 

focusing on the impact on nutrition and climate change, it also considers the impacts on biodiversity and 

affordability.  

 

  



 

 

2 Objectives and research questions  
Global challenges such as malnutrition, diet-related diseases, climate change and biodiversity loss, necessitate 

an integrated approach that considers both nutritional and environmental aspects in the selection of our diets. 

The objective of this study is to find a healthy and sustainable diet, which complies with nutritional and 

environmental targets and is acceptable in terms of dietary and price changes expected from consumers.  

Several influential studies have underpinned the significant influence that diets can have on achieving both 

health and environmental targets  (IPCC, 2019; Willett et al., 2019). WWF Belgium aims to investigate what 

changes the average Belgian diet needs to undergo by 2030 in order to meet nutritional constraints and to limit 

global warming to 1.5 degrees above pre-industrial levels.  

The dietary shifts are calculated for three different age groups: adults (18 to 64 years old), adolescents (10 to 17 

years old) and children (3 to 9 years old). Using the insights from these separate diets, a weekly food basket for 

a family of four can be composed. This weekly food basket aims to translate theoretical findings to the practical 

reality of consumers and makes the results more tangible. 

This study presents answers to the following research questions: 

- What dietary changes are needed for the current Belgian diet to meet nutritional guidelines as well 

as greenhouse gas (GHG) targets? 

- What is the impact of the current and optimised diet on other environmental indicators? 

- What impact does this dietary shift have on food expenditure for consumers? 

- What share of certified organic and Fairtrade products could be included in the diet without 

exceeding the current expenses? 

Besides nutritional properties and price, the Nutri-score (a nutrition label for products) and NOVA-score 

(indicating level of processing of products) are reported for every food product, and the shares of each Nutri- 

and NOVA group are reported for the overall diet. Next to the carbon footprint, several indicators that represent 

the environmental impact of our diets are considered, including land use, freshwater eutrophication and the 

ŀƎƎǊŜƎŀǘŜŘ άŘŀƳŀƎŜ ǘƻ ŜŎƻǎȅǎǘŜƳǎέ ƛƴŘƛŎŀǘƻǊΦ  

  



 

 

3 Methodology 
The current Belgian diet is optimised for nutritional and sustainability targets using Optimeal ® 3.0, a software 

package developed by Blonk Consultants in cooperation with the Netherlands Nutrition Centre.1  This software 

finds solutions that meet all nutritional and environmental requirements, yet avoids large deviations from the 

reference diet. It does so by minimizing the summation of the quadratic differences in the consumption amounts 

(in grams) of each food item.  

The starting point of the optimisation is the Belgian reference diet. Nutritional properties and environmental 

properties are known for each product in the reference diet. The nutritional constraints (based on Belgian 

nutritional guidelines) and environmental constraints (based on allowable carbon footprint of food consumption 

per person per day to stay below 1.5-degrees warming) determine the guidelines for the optimisation. The next 

chapters will elaborate the used data and methodology. 

3.1 Reference diet  
To increase acceptability of the optimised diet among consumers, it is desired that this diet stays as close to the 

current diet at possible. The reference diet for each of the three age groups (adults, adolescents and children) is 

thus an important starting point for this study. Data is obtained from the EFSA European Food Consumption 

Database, which compiles data from the latest Belgium national food consumption survey (Belgische nationale 

voedselconsumptiepeiling) conducted in 2014 (De Ridder, Lebacq, Ost, Teppers, & Brocatus, 2016). The study 

population included Belgian citizens between 3 and 64 years of age. A total of 3461 people was interviewed on 

their daily food intake for two 24-hour recalls2. 

3.1.1 Composition of the reference diet  
The basis for the current diet is Belgium dietary survey data that was compiled by the European Food Safety 

Authority (EFSA) in the EFSA European Food Consumption Database. This dataset describes the consumed food 

products in Belgium, using seven levels of detail, L1 to L7, with L1 being the most aggregated level. The basis for 

the diet is the L3 level, differentiating between 224 different food products. 

Manual adaptations were required to get to a diet that comprises around 175 products. The following 

requirements were set for the individual products and the diet as a whole.  

Each individual product should: 

- Sufficiently specify the product to define its environmental and nutritional properties. 

- Not represent more than 50% of the L1 group. 

- Represents a significant fraction of the daily intake (in grams). No strict line is defined, exclusion or 

aggregation can be considered when consumed less than 0.1 grams/day. 

The defined products as a group should: 

- Represent a regular, varied Belgian diet. 

- Represent a variety of products in each L1 group. 

- Provide sufficient options for healthy and sustainable diets (e.g. plant-based alternatives for dairy 

and meat products). Supplements are excluded from the study. 

- Does not contain less than 150 and not more than 200 products. 

 
1 Optimeal® has been used in analyses which have been published in several scientific journals. A full list can be found here: 
https://www.optimeal.nl/news/publications/ 
2 A recognized problem within dietary surveys that rely on self-reporting, is underreporting of food intake (Barbara et al., 

2003). As correction for this phenomenon is challenging, the total energy intake of the baseline diet might not reach the 

lower limit of the nutritional guidelines and might be increased in the optimised diets. 

https://www.optimeal.nl/news/publications/


 

 

To comply with these requirements, the products from level L3 were in some cases split up into the products 

defined in group L4 or L5, and in some cases aggregated to the L2 or L1 level. In case products did not meet these 

requirements, the product was entirely excluded from the diet. In that case, all other products belonging to the 

same L1 group were scaled up to compensate for the excluded quantity. 

 

3.2 Constraints  
In order to optimise the diet, targets need to be set that are able to quantify the characteristics of a healthy 

and sustainable diet. These constraints or boundaries can have an upper limit (maximum), lower limit 

(minimum), or both. The environmental target for example, concerns an upper boundary that represents the 

maximum amount of carbon dioxide equivalents associated with the diet. Many of the nutrients on the other 

hand, only have a lower boundary. Below it is described based on which criteria these boundaries were 

defined. 

3.2.1 Nutritional constraints 
The nutritional constraints define the maximum or minimum intake of macro- and micro-nutrients necessary to 

obtain a healthy and nutritionally sound diet. These minimum or maximum quantities are the boundaries that 

are used for the optimisation process. If for example, the diet is too low or too high on a certain nutrient, the 

quantity of food products within the diet will be altered in a way that the diet is able to provide the required 

quantity of that nutrient. 

The nutritional recommendations for the Belgian population, as defined by the Superior Health Council of 

Belgium (Hoge Gezondheidsraad, 2019), were used to constitute upper and lower boundaries for macro- an 

micronutrients. The following nutrients are taken into consideration: 

Table 1: Nutritional properties considered during the optimisation. 

Macronutrients (unit) Vitamins (unit) Minerals (unit) 
Energy (kcal) Vitamin A (mg) Calcium (mg) 
Protein (g) Vitamin B1 (mg) Sodium (mg) 
Fat (g) Niacin (mg) Iodine (µg) 
Saturated fat (g) Vitamin B2 (mg) Iron (mg) 
Mono-unsaturated fat (g) Vitamin B6 (mg) Potassium (mg) 
Poly-unsaturated fat (g) Folic acid (µg) Phosphorous (mg) 
Omega-3-fatty acids (g) Vitamin B12 (µg) Zink (mg) 
Omega-6-fatty acids (g) Vitamin C (mg) Copper (mg) 
Carbohydrates (g) Vitamin D (µg) Magnesium (mg) 
Fiber (g) Vitamin E (mg) Selenium (mg) 
Cholesterol (mg)   
Water (g)   

 

Three separate sets of nutritional constraints were developed: for adults, adolescents and children. Whenever 

separate values were given for females and males, an average was taken. The required energy intake depends 

on how active a person is, and were based on low to moderate physical activity level (PAL 1.4-1.6). The complete 

list of constraints set can be found in Annex A. 

 

3.2.2 Food-based dietary guidelines  
Next to guidelines for individual nutrients, the Belgian Health Council also has recommendations for food groups, 

which are called food-based dietary guidelines (FBDGs). An example is the well-known recommendation to eat 

250 grams of fruit and 300 grams of vegetables a day.  



 

 

For adults, the FBDGs are completely based on the recommendations from the Belgian Health Council (Hoge 

Gezondheidsraad, 2019). These recommendations however only apply for adults, not for adolescents and 

children. For the latter two groups, recommendations are based on an older document (ViGeZ, 2014), which lists 

FBDGs for all age groups. Their advice for adolescents and children is mirrored to the FBDGs for adults, to ensure 

consistency. For example, VIGeZ (2014) indicates adults should eat 2 pieces of fruit and adolescents 3 pieces. To 

obtain the mirrored quantity for adults, the ratio adolescent/adult is applied on the original FBDGs, meaning that 

(3/2)*250 = 375 g of fruits should be consumed by adolescents. 

A few assumptions had to be made as for some food groups no quantitative guidelines were provided:  

ω For fish it is recommended to eat 1-2 portions a week. A portion size of 140 grams was assumed, in 

line with the Livewell publication (Macdiarmid et al., 2011; WWF, 2017). 

ω The recommendation for drinks with added sugar is to consume as little as possible. Based on our 

judgement, the boundary has been set to half a glass (125 ml) per day. For children and adolescents, 

VIGeZ (2014) recommends to only consume soft drinks on special occasions, and hence an arbitrary 

boundary has been set on 2 glasses per week for adolescents (71.4 ml/day) and 1 glass per week for 

children (35.7 ml/day) 

Table 2. Food based dietary guidelines (daily quantities), based on ViGeZ, 2014.  

Food group 
Adults Adolescents Children Criteria from VIGeZ (2014) on which 

quantities for adolescents and children are 
based 

min max min max min max 

Whole grain 
products (g) 

125.0 
 

125.0  92.1  Adolescents: same as adults 
Children: 5-9 slices of bread vs 7-12 for 
adults  

Fruit (g) 250.0 
 

375.0  250.0  Adolescents: 3 pieces of fruit vs 2 pieces for 
adults 
Children: same as adults 

Vegetables (g) 300.0 
 

300.0  275.0  Adolescents: same as adults 
Children: 250-300 g of veg vs 300 for adults 

Legumes (g) 100.0 
 

100.0  87.5  Adolescents: same as adults 
Children: 75-100g meat/fish/eggs/legumes 
vs 100 g for adults 

Seeds and nuts 
(g) 

15.0 
 

15.0  13.1  Not available; same assumptions as legumes 

Milk and dairy 
products (g) 

250.0 500.0 333.3 666.7 250.0 500.0 Adolescents: 4 glasses of milk vs 3 for adults 
Children: same as adults 

Fish and 
seafood (g) 

20.0 40.0 20.0 40.0 17.5 35.0 Adolescents: same as adults 
Children: 75-100g meat/fish/eggs/legumes 
vs 100 g for adults 

Red meat (g) 
 

42.9  42.9  37.5 Adolescents: same as adults 
Children: 75-100g meat/fish/eggs/legumes 
vs 100 g for adults 

Processed meat 
(g) 

 
4.3  4.3  3.8 Adolescents: same as adults 

Children: 75-100g meat/fish/eggs/legumes 
vs 100 g for adults 

Drinks with 
added sugar 
(ml) 

 
125.0  71.4  35.7 Based on own assumptions: 

Adults: 1 glass every 2 days 
Adolescents: 2 glasses per week 
Children: 1 glass per week 

 

It should be noted that next to dairy products, also dairy replacers (soy milk) have been classified as dairy when 

it comes to the FBDGs. As the included replacer is fortified with minerals and vitamins, it presents a viable (in 

terms of some relevant nutrients such as calcium) and sustainable alternative for dairy products. 

 



 

 

3.2.3 Environmental constraints 
For climate change, a constraint has been set that represents the maximum allowable carbon footprint of the 

daily food consumption per person to meet the 1.5 degree target as set by the Paris Agreement. This reduction 

ǘŀǊƎŜǘ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ Lt//Ωǎ мΦр ŘŜƎǊee assessment study (IPCC, 2018), which presents four pathways that can 

limit global warming to 1.5 degrees by 2050, and presents associated agricultural emission reductions  for 

methane, carbon dioxide and nitrous oxide. These emission reductions are applied to the overall emissions of 

the agricultural sector in 2010, which is derived from the FAO analysis of agricultural emissions 1990-2011 

(Tubiello et al., 2014) combined with the sum of emissions related to agrochemical production, food processing, 

distribution and consumption which was derived from Vermeulen (Vermeulen, Campbell, & Ingram, 2012). This 

amounts to a total of 8.9 Gton CO2eq emissions for the global food system in 2010. Applying the derived 

reduction percentages for the greenhouse gases, results in a target of 6.3 Gton CO2eq for the global food system 

in 2030. When dividing this by the population forecast of 2030 (United Nations: Department of Social and 

Economic Affairs, 2019) and the total number of days in a year, the maximum daily share of allowable emissions 

per person per day amounts to 2.04 kg CO2-eq. In this methodology, each person (regardless of their age and 

geospatial characteristics) is allocated a fair share of the global carbon budget. The calculated daily, personal 

carbon budget for food is thus equal throughout all analysed age groups. This methodology is explained in more 

detail in the paper of (Broekema et al., 2020). 

 

3.2.4 Food product constraints 
Minimum and maximum product constraints help to ensure that the optimised diet is acceptable to the general 

consumer. Maximum product constraints ensure that the optimised diet does not contain large amounts of 

individual products which are generally not consumed in large quantities. Minimum product constraints ensures 

that no individual product is excluded from the optimised diet and thus contributes to a varied diet. The Belgian 

Food Consumption survey, retrieved from the EFSA Comprehensive European Food Consumption Database (Bel 

& De Ridder, 2018a, 2018b), was used to define these product constraints.  

The 99th percentile of food consumption was taken as the maximum constraint. This allows for reasonable 

dietary changes in the light of healthy, sustainable and adoptable diets. The minimum consumption level of every 

product is set to 20% of the current diet. In the case of processed meat, this minimum value contradicted the 

food based dietary guidelines, and was lowered to 10% of the current consumption.  

 

3.2.5 Additional constraints 
Price 

In case the price of the diet which is optimised on both nutrition and environmental properties exceeds the price 

of the baseline diet (and it would not interfere with other constraints), an additional constraint was set on the 

price. This constraint sets the maximum price of the optimised diet to the price of the baseline diet and is only 

applied in the third scenario (optimised on both nutritional and environmental targets). 

Water 

Due to the negative environmental impact of packaging and the high quality of tap water in Belgium, 

consumption of unbottled water is preferred over bottled water. For the third scenario, consumption of bottled 

water is thus set to maximum of 300 ml. To prevent a lower total intake of drinking water, the minimum value 

for unbottled water is set to the total amount of consumed water in the reference diet minus 300 ml. These 

constraints will not influence the total amount of consumed drinking water, but merely shift the intake of bottled 

water to unbottled water. 



 

 

3.3 Food products 

3.3.1 Nutritional properties  
Nutritional properties of all food products are required to compare the reference diets and the optimised diets 

to the Belgian nutritional guidelines  (Hoge Gezondheidsraad, 2019). Nutritional properties are obtained from 

the Belgium nutritional table, available from Nubel (Nutriënten België) at internubel.be. All the food products in 

the three reference diets were matched to (prepared) food products in the nutritional table. In case specific 

nutrients for products are not available in the Nubel, average European nutritional properties were obtained 

from EFSA (EFSA, 2018). An overview of the nutritional properties which are included is displayed in Table 1. 

Some nutritional properties are not part of the nutritional guidelines but are added for additional insights.  

3.3.2 Environmental properties  

3.3.2.1 Impact indicators 
Environmental properties for the food products in the reference diets are needed to calculate the environmental 

impact of the reference diets and optimised diets and to be able to compare the environmental impact of the 

diets to the environmental target. Environmental properties of all food products in the reference diet are 

determined using the Life Cycle Assessment (LCA) methodology, according to ISO 14040/ 14044 standards (ISO, 

2006a, 2006b), as further explained in Annex B. This means that the full life cycle is considered in the calculation 

of the environmental impact of the food products: cultivation, processing, transport, assembly, packaging, 

distribution, retail, consumption and waste treatment. The final life cycle stages, from distribution to end-of-life, 

were modeled according to defaults provided by the Product Environmental Footprint (European Commision, 

2017) methodology.  

The two most important environmental impact indicators that were included in this study are climate change (kg 

CO2eq) and land use (m2). Land use serves as a proxy for the impact on biodiversity. Next to that, the endpoint 

ƛƴŘƛŎŀǘƻǊ άŘŀƳŀƎŜ ǘƻ ŜŎƻǎȅǎǘŜƳǎέ όǎǇŜŎƛŜǎ ƭƻǎǘκȅŜŀǊύ ǿŀǎ ƛƴŎƭǳŘŜŘΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘƻǊ ŀǎǎŜǎǎŜǎ ǘƘŜ ƛƳǇŀŎǘ ƻƴ 

freshwater, marine and terrestrial species by aggregating and weighting midpoint indicators including global 

warming, water consumption, ecotoxicity, eutrophication, acidification and land use. A drawback of this indicator 

is, that quite some assumptions are necessary to transform the midpoints to endpoints, making the result not 

very accurate and reliable. However, it can provide a general indication of the level of damage to ecosystems. 

The ReCiPe impact assessment method (source) has been used to calculate the environmental impact for all 

indicators. 

Optimisation constraints are only set for climate change, but results will be displayed for all environmental 

indicators. 

 

3.3.2.2 Background database 
To quantify the environmental impact of the (optimised) Belgian diet, LCIs from background databases are linked 

to the food products. As no dedicated LCA food database is available for Belgium, the RIVM database was the 

main source of environmental data. This is a cradle-to-end of life database commissioned by the Dutch National 

Institute for Public Health and the Environment (RIVM) and developed by Blonk Consultants. The database 

contains full lifecycle (from cultivation up until consumption) LCIs of nearly 200 food products (De Valk, 

Hollander, & Zijp, 2016). Although this database is specifically built for the Dutch market, it is assumed that the 

results are also representative for the Belgium market. The RIVM database is therefore the preferred source for 

environmental properties. In case no representable product was found in the RIVM database, the Optimeal 

database was consulted. This latter database is developed by Blonk Consultants contains full lifecycƭŜ [/LΩǎ ƻŦ 

over 160 products, representable for the average European market.  

 



 

 

3.3.2.3 Forecasting of environmental impact 
Since we optimise the diets for the year 2030, it is necessary to project the environmental impact of the diets to 

2030. This is needed as there are some (ongoing) technological changes that will lead to a higher efficiency of 

food production in 2030. 

Such changes include, amongst other things, improved cultivation techniques, more efficient processing and the 

use of cleaner energy sources. Next to sustainability, also cost reduction and environmental policies are driving 

factors for these changes. As a result of these trends, more food can be produced within the aforementioned 

carbon budget. The climate impact trend analysis of the Menu for Tomorrow study (Kramer & Blonk, 2015) 

formed the basis for projections of the environmental impact of food products in 2030. 

This section will provide a summary of the implemented projections: 

¶ As a result of improved efficiency at farm level, the impact of crop cultivation on all environmental 

indicators is reduced with 5% (Zhang et al., 2015). 

¶ As a result of improved animal welfare (and thus longer lifespan, slower growth and more movement) 

the feed conversion ratio is expected to increase with 10% for pork and 20% for broilers (Hoste, 2009). 

¶ Conservative estimates project a 2% reduction in methane emissions from enteric fermentation in dairy 

systems and 5% reduction in GHG emissions related to manure management. 

¶ Nitrogen efficiency is expected to increase in the coming years. It is expected that in 2030, a 30% lower 

input of N-fertilizers will provide the same (or improved) fertilization. All environmental impact 

associated with N-fertilizers are thus expected to reduce with 30%. 

¶ More efficient technologies are expected to reduce the overall environmental impact of transport by 

10% and of thermal energy by 5%. These projections are considered in all lifecycle stages. 

¶ The prognoses of the Carbon intensity reduction of average European electricity production projects a 

reduction of 70% between 2010 and 2050. Based on this outcome, but slightly more conservative, a 

30% reduction on all environmental indicators from 2010- 2030 is applied to all electricity used in any 

life cycle stage (Capros et al., 2013). 

¶ Continuous innovations in packaging are expected to reduce overall packaging emissions with 5% by 

2030. 

¶ Food waste at consumer and retail is reduced by 20% between 2010-2030 (assumption) 

 

3.3.3 Nutri and NOVA scores 
The Nutri-score, originating from France, is used in Belgium to label the nutritional content of food products, 

enabling consumers to see immediately whether a product is nutritious and stimulating them to make more 

healthy choices. The score ranges from category A (best, or: most healthy) to E (worst, or: least healthy), and is 

calculated based on the quantity of calories, saturated fats, sugars, salt, protein, fibres, fruits, pulses, vegetable 

and nuts in a product.  

For all food products in the reference diet, the Nutri-score was calculated using an excel tool as available on the 

website of the Belgian Federal Public Service on Health, Food Chain Safety and Environment 

(https://www.health.belgium.be/en/nutri -score-calculation-tool), using the nutrients derived from NUBEL as 

input. The tool also provides a raw score in numbers, which can be converted to one of the categories. 

Next to the Nutri-score, the NOVA score was assessed for all food products. This score represents the level of 

processing. Many highly processed foods (such as soft drinks, processed meats and energy dense foods high on 

sugar, fat and salt) are associated with obesity and various non-communicable diseases (Monteiro, Cannon, 

Lawrence, Costa Louzada, & Pereira Machado, 2019). The NOVA classification differentiates between four 

groups: 

- Group 1: unprocessed and minimally processed foods, such as fruit, vegetables, eggs, milk, fruit juices 

(without added sugar), coffee 

- Group 2: processed culinary ingredients, such as oils, butter, sugar, salt 

https://www.health.belgium.be/en/nutri-score-calculation-tool


 

 

- Group 3:  processed foods, such as canned/bottled vegetables, salted nuts, canned fish, smoked meats 

- Group 4: ultra-processed foods, such as soft drinks, sweet or salty snacks, chocolate, candies, ice cream, 

cookies 

 

3.3.4 Prices  
For each of the food products in the reference diet, the average supermarket price was obtained. This was 

achieved by looking up the price of each product on the websites of three of the biggest retailers in Belgium: 

Colruyt group (representing 26.6% of the Belgium market), Carrefour (representing 18.7%) and Delhaize 

(representing 18.6%) (Bolla & Lappin, 2018). For each food item, the price of non-certified products, as well as 

the price of certified products are found, for which organic, Fairtrade, and Utz/Rainforest Alliance labels were 

considered. In case there is large variety of a product (e.g. many different type of cookies with cheaper 

supermarket brands and A-brands), an average was taken of the most representative products. 

Lƴ ŎŀǎŜ ǘƘŜ ǎǳǇŜǊƳŀǊƪŜǘǎ ŘƛŘƴΩǘ ƘŀǾŜ ŀ ŎŜǊǘƛŦƛŜŘ ŀƭǘŜǊƴŀǘƛǾŜ ƛƴ ǘƘŜƛǊ ǇǊƻŘǳŎǘ ǊŀƴƎŜΣ ǘƘƛǎ ƎŀǇ ǿŀǎ ŦƛƭƭŜŘ ƛƴ ōȅ ǘŀƪƛƴƎ 

the average ratio certified/non-certified of similar products (e.g. if for a certain vegetable no certified alternative 

was available, the average ratio of all vegetables was taken). 

The prices will aid to understand whether a more nutritious and sustainable diet exceeds the cost of the current 

diet, and what the price would be if (part of) the products would be certified.   

 

3.4 Optimisation procedure  

3.4.1 Optimisation algorithm 
Optimisations are calculated using Optimeal® 3.0, a tool developed by Blonk Consultants in cooperation with the 

Dutch Nutrition Centre (Blonk Consultants, 2015). The goal of the optimisation is to find a diet as similar as 

possible to the reference diet while satisfying the set of optimisation constraints.  

The optimised diet stays close to the reference diet by minimising the total deviation, which is defined as follows: 

ὨὩὺὭὥὸὭέὲὼᶻ ὼ  

In this formula, i represents each of the 165 food items available, ὼ is the amount (in grams) of product i in the 

current average Dutch diet, and ὼᶻ is the amount (in grams), of the same product i in the optimised diet. The 

optimal diet is found by minimizing the deviation function while adhering to all constraints. In other words, the 

deviation function sums up the square change, in grams, of the consumption of each food item available. The 

optimisation goal is to minimize the deviation score. The effect of a quadratic function is that larger deviations 

result in a much higher deviation score, so that the optimisation tends towards small changes to multiple 

products instead of large changes in a few products. 

3.4.2 Optimisation approach 
Diets are optimised for three age groups: adults, adolescents and children. Data templates for each age group, 

containing all environmental and nutritional information for each food product, the baseline diet and all 

constraints were loaded into Optimeal 3.0. For each age group, three diet scenarios were calculated: 

Scenario 1: This is the baseline diet, representing the current average Belgian diet. The diet is based on the 

Belgian national food consumption survey. No constraints are in place. 



 

 

Scenario 2: This scenario corrects for the nutritional guidelines, which in many cases do not adhere to the 

reference diets. The optimised diets are nutritionally sound and healthy. The environmental impact, costs, Nutri-

score and Nova-score ratios associated to this diet are calculated.   

Scenario 3: This scenario adds the climate change target for 2030 to scenario 2. Additionally, this scenario limits 

the costs of the optimised diet to the costs of the reference diets (if this was not yet achieved). The optimised 

diet is nutritionally sound, meets the 2030 target aiming to limit global warming to 1.5 degrees Celsius, and does 

not exceed the costs of the reference diet. The impact on the other environmental indicators, costs, Nutri-score 

and Nova-score are the result.  

 



 

 

4 Results and discussion 
In this chapter, the results of the optimisation are presented. For each of the three age groups: adults, 

adolescents and children, the dietary composition and carbon footprint are presented for the three scenarios. 

 

4.1 Optimised diets for adults (18 - 64 years) 
In this section, the daily dietary composition for an average adult (average intake across all activity levels, gender 

and age) in the three defined scenarios are presented. 

4.1.1 Dietary composition and carbon footprint of 3 scenarios 
Based on the environmental properties of the food products in the diet, the carbon footprint of the current diet 

is 4.81 kg CO2eq/day per individual (Table 4). It should be noted that due to underreporting in food consumption 

surveys (Barbara, Livingstone, & Black, 2003), the intake and thus carbon footprint might be higher in reality. The 

dietary composition of the current diet is presented in Figure 1. This figure shows that meat and meat products, 

milk and dairy products, fruit and fruit products, vegetable and vegetable products and grains and grain-based 

products all represent a comparable share in the daily diet (based on mass).  

Optimisation on nutritional constraints (both nutrient intake and food-based dietary guidelines) leads to 

significant changes in the diet: the amount of meat and meat products has nearly halved, whereas the intake of 

fruit and vegetable products nearly doubled. Fish and seafood represent a larger part of the daily diet. The intake 

of legumes, nuts and oilseeds has almost seven-folded in the nutritionally optimised diet. The carbon footprint 

of the nutritionally optimised diet is 4.30 kg CO2eq/day per individual (Table 4), and thus slightly lower compared 

to the current diet.  

In the third scenario, the additional constraint on carbon footprint of 2.04 kg CO2eq/day per individual is 

implemented. This diet shows an even further decrease in meat consumption, to less than 20% of the amount in 

the current diet (scenario 1). Also ΨǎƴŀŎƪǎ ŀƴŘ ŎƻƴŦŜŎǘƛƻƴŀǊȅΩΣ ΨǎǘŀǊŎƘȅ Ǌƻƻǘǎ ŀƴŘ ǘǳōŜǊǎΩ ŀƴŘ ΨŦƛǎƘ ŀƴŘ ǎŜŀŦƻƻŘΩ 

decrease compared to the previous two scenarios. A vast decrease in the intake of milk and dairy products is 

compensated by an increase in the intake of plant-based dairy replacers and egg products. The intake of fruit 

and vegetable (products) and legumes, nuts and oilseeds are comparable in scenario 2 and 3. 

Table 3 shows that the reduction in meat and meat products in both scenario 2 and 3 are not equal among all 

types of meat. In the nutritionally optimised diet, a slight increase in poultry consumption is observed, whereas 

pork and beef and veal meat are strongly reduced. The daily intake of processed meat and lamb are on the lower 

limit provided in the optimisation. The reason for this lies in the composition of beef, lamb and pork, which all 

contain considerable amounts of saturated fatty acids. In the third scenario, meat consumption of all types has 

reached the lower limit of optimisation (80% reduction for most meat products, 90% reduction for processed 

meat). This is related to the high environmental impact of meat products, which can be explained by several 

factors. First, the feed conversion ratio (the quantity of feed needed to produce 1 kg of meat) is highest for beef, 

followed by pork, broilers, laying hens and dairy cows (Fry, Mailloux, Love, Milli, & Cao, 2018). The composition 

of the diet, however, varies for different types of animals: where poultry and pigs rely mostly on (imported) 

compound feed, cattle consume a large share of locally produced grass. Secondly, animal husbandry systems 

have a high global warming impact due to manure storage and manure management, and significantly for cattle, 

through enteric fermentation (leading to methane emissions, a harmful greenhouse gas). 

 



 

 

 

Figure 1. Simplified graph of composition of current and optimised daily diets for Adults, excluding beverages (however, 
including milk and dairy replacers). 

The total amount of fruits and vegetables in the optimised diet vastly increased. The specific types of vegetables 

that represent a much larger part in the optimized diet are generally vegetables that can be cultivated locally in 

the full ground, such as parsnips, onions, beetroots, spinach, carrots and leeks. An increase in consumption is 

seen for many different fruit products, namely apples, pears, stone fruits, kiwi and oranges. In general, fruits and 

vegetables that are cultivated in greenhouses or imported via air transport will decrease in the optimised diet. 

Interestingly, the decrease in meat consumption is not compensated by an increase in consumption of meat 

replacers in the optimised scenarios. Implementing the food based dietary guidelines leads to a steep rise in the 

consumption of vegetables and legumes. This means that the nutrients that can be provided by meat replacers 

(such as protein, fibres, calcium and B-vitamins) are already provided by legumes and vegetables.  

It should be noted, however, that replacing meat products with vegan or vegetarian alternatives can have 

significant nutritional and environmental benefits, especially for products that require little processing, such as 

tofu, tempeh and seitan. Since in most cases nutrients are added to meat replacers that are normally only (or 

more abundantly) present in animal-based products, such as vitamin B12 and iron, meat replacers can provide 

vital nutrients which are especially crucial for diets which are low on animal-based products. Furthermore, meat 

replacers contain considerably less saturated fats compared to most meat products and can therefore not only 

be regarded as a good alternative in terms of environmental benefits, but also health benefits. Meat replacers 

can be an effective way to stimulate the transition to more plant-based diets as their similarity to meat products 

assures an easy uptake for people that are accustomed to a diet heavy on meat. 

The consumption of egg and egg products increases significantly, especially in the third scenario, which is 

attributed to a comparative high nutrient content provided for a low environmental impact. In the optimised 

diets, eggs are the main contributors to the intake of Vitamin D and Vitamin B12 (alongside fish, seafood and 

dairy replacers), relevant providers of protein and iodine, but also a large source of cholesterol. 

The nutrients provided by some (plant-based and blended) fats and oils explain the increase of this category in 

scenario 3. Fats and oils are important contribution to Omega 6 fatty acids and vitamin E in the optimised diets. 

Fish consumption was already in line with dietary guidelines, and moves to the lower limit in the optimised diet 

(scenario 3). A change in the type of fish consumed can be observed, with an increase in the consumption of fatty 
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fish like salmon, which is a good source of vitamin B12, and a decrease in the consumption of cod and other fish. 

The FBDGs as defined by the Belgian Health Council recommend to consume (preferably fatty) fish once a week, 

but to limit fish consumption to two portions a week due to environmental concerns and the presence of 

contaminants in fish (such as heavy metals, dioxins and PCBs). 

When it comes to beverages, both optimised diets show a similar intake of drinking water, with a shift from 

bottled water to unbottled water (partly linked to the constraints as explained in section 3.2). A higher 

consumption of unbottled water can have nutritional and environmental benefits, especially when it replaces 

other drinks (with added sugar). The total intake of water in the entire diet reduces only slightly in the third 

scenario compared to the current diet, however, the sources of water shift. Fruit, vegetables and dairy replacers 

become important water sources in the optimised diet. This increase is compensated by a reduced intake of 

alcoholic beverages, juices, coffee and tea. The vast reduction in soft drinks is related to the constraints from the 

food based dietary guidelines. 

 

Table 3. Detailed composition of the current and optimised daily diets for Adults. 

Food groups Scenario 1: 
Current diet 

Scenario 2: Nutrition 
optimised 

Scenario 3: Nutrition 
& GHG optimised 

Beef and veal (g) 41.72 27.38 8.34 

Lamb (g) 4.55 0.91 0.91 

Meat replacers (g) 1.72 1.27 0.34 

Pork (g) 37.67 14.56 7.53 

Poultry (g) 37.77 40.37 7.55 

Processed meat (g) 33.36 4.29 3.34 

Fish and seafood (g) 27.89 40.00 20.00 

Cheese (g) 31.95 33.72 6.39 

Dairy (g) 133.96 173.48 85.20 

Dairy replacers (g) 14.27 21.65 146.19 

Eggs and egg products (g) 10.19 38.65 43.53 

Snacks, desserts, and other foods (g) 56.74 57.91 21.09 

Sugar and confectionery (g) 36.21 29.24 7.24 

Fats and oils (g) 20.71 8.93 27.72 

Alcoholic beverages (g) 163.79 164.63 58.05 

Beverages with added sugar (g) 248.10 125.00 125.00 

Coffee (g) 277.11 277.16 255.69 

Drinking water (g) 923.35 923.34 923.00 

Fruit and vegetable juices (g) 60.08 62.92 16.84 

Tea (g) 85.69 85.87 58.00 

Grains and grain-based products (g) 161.01 176.89 214.47 

Fruit and fruit products (g) 124.18 250.00 250.00 

Herbs, spices and condiments (g) 27.28 24.64 16.72 

Legumes (g) 12.96 100.00 100.00 

Nuts and oilseeds (g) 3.64 15.04 15.03 

Starchy roots and tubers (g) 84.00 85.96 25.67 

Vegetables and vegetable products (g) 176.88 307.93 301.73 

 

4.1.2 Environmental impact 
The steep reduction in climate change impact for the optimised diet (scenario 3) can be attributed to the lower 

consumption of animal-based products (beef, lamb, cheese and processed meat). Also in scenario 2, in which the 

diet is only optimised for nutritional properties, the carbon footprint decreases because of lower meat 

consumption, however to a lesser extent, as dairy consumption increases. The nutrients provided by dairy in 

scenario 2 are provided by dairy replacers in scenario 3, this leads to a lower carbon footprint. 

The land use indicator, which represents the land area necessary to produce food products, is nearly halved in 

scenario 3. This is also attributed to the reduced consumption of animal products (specifically beef, poultry, 



 

 

processed meat and pork), which require a disproportionate amount of land to grow the crops necessary to feed 

the animals. The transition to a larger share of plant-based foods in scenario 2 and 3 leads to lower land use, 

though there is big variation in the type of crops: nuts and oil seeds, for example, have relatively lower yields per 

hectare (and therefore higher land use impact) compared to other crops like potatoes. 

Even though land use on itself is not an indication of biodiversity, it plays an important role: the more land is 

used for food production, the less land is available for natural areas that can harbour biodiversity. This impact is 

especially severe in areas where crop cultivation or animal husbandry is a driver of deforestation/ conversion of 

biodiversity-rich areas, like tropical rainforests. This impact is also captured in the land use change indicator, that 

represents carbon dioxide emissions as a result of the conversion of natural areas to cropland in the last twenty 

years. This indicator has been modelled for the three scenarios, though it should be noted that this indicator has 

limited applicability for the diets modelled in this study (reference year 2030), as it only considers land use change 

in the past 20 years and can't predict how land use change will develop in the years to come (it is therefore not 

included in calculating the environmental impact of the diets). For this reason, it should only be regarded as a 

rough indication of the risk of land use change. For the optimised diet (scenario 3), there is a clear reduction in 

land use change. Soybeans from South America are currently associated with high land use change emissions, 

and thus high risk of deforestation, and are an important feed ingredient poultry, cows and pigs. Reduced meat 

consumption is thus the main driver for the reduced impact on land use change in scenario 2 and 3. 

A more high-ƭŜǾŜƭ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ƛƳǇŀŎǘ ƻƴ ōƛƻŘƛǾŜǊǎƛǘȅ ƛǎ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ά5ŀƳŀƎŜ ǘƻ 9ŎƻǎȅǎǘŜƳǎέ ƛƴŘƛŎŀǘƻǊ. 

This so-called Ψendpoint indicatorΩ calculates the impact on freshwater, marine and terrestrial species by 

aggregating and weighting midpoint indicators including global warming, water consumption, ecotoxicity, 

eutrophication, acidification and land use. A limitation of this approach is that to convert the midpoints (which 

are well-quantified) into endpoints, a lot of assumptions must be made, which limit the accuracy and 

meaningfulness of the resulting end-point indicator. Despite this, the indicator gives an easy to interpret 

indication of the impact on biodiversity and provides a more complete picture than single midpoint indicators 

(like eutrophication). The table below shows a clear decrease in the damage to ecosystems, hence reduced 

pressure on biodiversity. 

The impact of the diet on freshwater eutrophication decreases in both optimized diets, caused by a lower 

consumption of meat products and alcoholic beverages. Fertilizer use for feed production are the main 

contributor to the eutrophication impact of meat production. 

Table 4. Environmental properties of the current and optimised daily diets for adults. 

Environmental indicators Scenario 1: 
Current diet 

Scenario 2: Nutrition 
optimised 

Scenario 3: Nutrition & 
GHG optimised 

/ƭƛƳŀǘŜ ŎƘŀƴƎŜ όƪƎ /hіŜǉύ 4.81 4.30 2.04 

Damage to ecosystems (species loss*yr) 6.55*10-8 5.79*10-8 3.36*10-8 

Land use (m²*a) 3.29 2.96 1.96 

[ŀƴŘ ǳǎŜ ŎƘŀƴƎŜ όƪƎ /hіŜǉύ 0.67 0.59 0.38 

Freshwater eutrophication (kg P eq) 6.03*10-4 5.85*10-4 3.23*10-4 

 

4.1.3 Nutrition & Health 
When it comes to nutrition, the current Belgian diet does not meet nutritional requirements as defined by the 

Belgian Health Council. The reference diet is too high on sugar, salt and saturated fats, but too low on omega 3 

and 6 fatty acids, fibre, folic acid, poly-unsaturated fats, and several minerals (calcium, copper, iodine, iron, 

magnesium, zinc, potassium) and vitamins (B1, B6, C, D, E). The diet also doesn't meet most of the FBDGs: the 

diet contained too few fruits (124 g as opposed to the recommended 250 g), too few legumes (13 g as opposed 

to the recommended 100 g), too little dairy and dairy products (193 g3  as opposed to 250 g), too few seeds and 

nuts (3.46 g as opposed to 15 g), too much processed meat (33 g per day whereas 30g per week is recommended) 

 
3 This is based on ôas-isõ amounts 



 

 

and red meat (84 g per day, whereas 43 g is recommended). Only the current intake of fish was in line with the 

recommended quantity (28 grams per day), and the intake of whole grain products was very close (122 g as 

opposed to 125 g). 

Both optimised diets (scenario 2 and 3), managed to meet both nutritional guidelines and food based dietary 

guidelines and can therefore be regarded as nutritionally sound and healthy diets. This is also reflected in the 

overall Nutri-score of the diet. This Nutri-score is usually calculated for individual products only, but when taking 

ŀ ǿŜƛƎƘǘŜŘ ŀǾŜǊŀƎŜ ƻŦ ŀƭƭ ǇǊƻŘǳŎǘǎ ƛƴ ǘƘŜ ŘƛŜǘΣ ǘƘŜ ΨŀǾŜǊŀƎŜΩ Nutri-score of the diet can be obtained. It should be 

noted that the Nutri-score is not intended to be used in that way, and this is just a general indication of the 

nutritional status of a diet.  

Table 5. Over- and underconsumption of macro- and micronutrients in the current and optimized diet for Adults. 

Nutrient Current 
consump-
tion level 

How the consumption level is altered in the optimised diet (scenario 3) 

Sugar Too high Reduced intake of soft drinks 

Salt Too high Reduced intake of processed meat, snacks and cheese 

Saturated fats Too high Reduced intake of snacks, fats and oils, cheese 

Carbohydrates Too low Increased intake of grain-based products 

Calcium  Too low Increased intake of vegetables and plant-based dairy drinks 

Copper Too low Increased intake of grain-based products, legumes and dairy replacers 

Omega 3 fatty acids Too low Increased intake of (blended) fats and oils  

Omega 6 fatty acids Too low Increased intake of (blended) fats and oils 

Fibres Too low Increased intake of grain-based products, legumes and vegetables 

Folic acid Too low Increased intake of vegetables and grain-based products 

Iodine Too low Increased intake of eggs and egg products, legumes and herbs and spices 

Iron Too low Increased intake of vegetables and grain-based products 

Magnesium Too low Increased intake of grain-based products, vegetables and legumes 

Potassium Too low Increased intake of vegetables 

Vitamin B1 Too low Increased intake of grain-based products 

Vitamin B6 Too low Increased intake of grain-based products 

Vitamin C Too low Increased intake of fruits 

Vitamin D Too low Increased intake of egg and egg-based products 

Vitamin E Too low Increased intake of (blended) fats and oils 

Zink Too low Increased intake of legumes, grain-based products and vegetables 

 

The average Nutri-score moves from B to A in the diet that is optimised for both nutrition and climate. Looking 

at the individual categories, it becomes apparent that the quantity of products with Nutriscore D and E reduce 

significantly, mainly attributed to a decrease in snacks, desserts, cheese, soft drinks and alcoholic beverages. The 

quantity products within Nutriscore A and B on the other hand increase, as a result of higher consumption of 

fruits, vegetables, eggs and plant-based milk replacers.  

A steep decrease in intake of meat and dairy products could result in deficiencies of specific nutrients, such as 

calcium and vitamin B12, B2 and D. In the third scenario, an increase in plant-based dairy replacers (in this study 

modelled as fortified soy milk) and eggs compensate for the lower intake of meat and dairy. 

  






























































