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1 Introduction

1.1  Working group and committee

This background document belongs to the advisory report Dutch dietary guidelines:
dietary protein sources and dietary patterns 2025 (DDG2025).? It provides background
information on the environmental impact of the average Dutch diet and of seven dietary
protein sources: meat, dairy, eggs, fish, nuts, legumes (pulses) and plant-based alter-
natives for dairy and meat, and the references to the reports and publications on which
this evaluation was based. Of note, other background documents describe scientific
evaluations on the impact of these food groups on the risk of chronic diseases, and on
chemical food safety.

The committee on Nutrition has set up a working group to prepare this background
document. A list of the working group members and the additional experts that were
consulted can be found in Annex A of this background document. A list of the
committee members can be found in the advisory report.’

1.2 The environmental impact of the food system

The current levels of consumption and production of food has a significant impact on
the environment.® Globally, the food system is estimated to account for approximately
30% of total greenhouse gas emissions, 60% of land biodiversity loss and over 50% of
nitrogen emissions.** It also monopolizes 35-40% of land use and 70% of the fresh-
water extracted is used to irrigate agricultural land.*%’ The food system consists of
every actor and activity involved in the production, processing, distribution, preparation
and consumption of food and also of the outcomes of these activities, including social,
economic and environmental outcomes.®

The expectation is that the demand for food and the environment impact of food
consumption will continue to increase: the global population is growing and increasing
prosperity is prompting a relative increase in demand for animal-based products.®°
The food system thereby contributes to exceeding the so-called planetary bounda-
ries."” The planetary boundaries indicate the environmental frameworks within which
food production must stay to be able to continue to utilize the planet’s resources and,
as such, ensure that future generations have sufficient and healthy food.'" Globally, a
number of boundaries have already been exceeded.'>" This is jeopardizing the
stability of the climate, biodiversity and the nutrient cycle, amongst other things.

Our food supply is under threat as a result, both now and for future generations.'*1°

An important environmental aspect is global warming and climate change due to

greenhouse gas emissions from human activity including the food system. Climate
change is a driver of emerging risks for food and feed safety, plant and animal health,
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and nutritional quality (such as micronutrient content),'®'” although much is still un-
known. Climate change can affect the food system and human health in various
ways.'61® FAO and WHO mention: ‘Average air and sea temperature rises can lead to
increased levels of bacteria, viruses, or parasites in water and food, and promote
proliferation of toxin-producing fungi in different crops. Food safety implications may be
particularly relevant in fresh fruit and vegetables and in fish, either due to higher rates
of microbial growth, or due to increased use of agrochemicals to balance the effects of
extreme weather events and water scarcity in some regions. These risks highlight the
need for interventions that reduce the environmental footprint, including in food
systems.”?® A report of the National Institute for Public Health and the Environment
(RIVM 2017)'81° also mentions the impact of climate change on food safety, e.g. toxin-
producing algae and an increase of heavy metals in plants. Effects of climate change
on human health are currently being addressed by the Health Council’s committee
Climate change and health [in Dutch: Klimaatverandering en gezondheid].?'?2

1.3 Environmental impact as part of dietary guidelines

In 2011, the Health Council for the first time advised on environmental aspects of the
diet in the advice Guidelines for a healthy diet: the ecological perspective.?® Environ-
mental aspects and biodiversity of the Dutch dietary guidelines 2006%* were the main
focus. Other aspects of sustainability such as fair trade, good working conditions, and
animal welfare were only briefly mentioned.?® Because of the large uncertainties of the
estimates on ecological effects, only qualitative guidelines could be derived.
Sustainability and the environmental impact of food systems are currently the subject of
much attention in society, in European governments,?>3¢ the private sector and
science.’**2 Investments in scientific research in this field have generated relevant new
knowledge. So, since 2011 much more and better data have become available.

In 2024, the Health Council announced his mission to contribute to the health of all
Dutch people of current and future generations. More than before the Council
considers the environmental impact of its advice.*3

Internationally, the environmental impact of the food system plays an increasingly

significant role in dietary guidelines. In 2019, the Food and Agricultural Organization of

the United Nations (FAQO) and the World Health Organization (WHQ) described the

guiding principles for sustainable healthy diets, comprising 8 principles regarding health

aspects, 5 principles regarding environmental impacts and 3 principles regarding

sociocultural aspects. For this background document, the 5 guiding principles regarding

environmental impact of diets are relevant.?°

1. Maintain greenhouse gas emissions, water and land use, nitrogen and phosphorus
application and chemical pollution within set targets.

2. Preserve biodiversity, including that of crops, livestock, forest-derived foods and
aquatic genetic resources, and avoid overfishing and overhunting.
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3. Minimize the use of antibiotics and hormones in food production.
4. Minimize the use of plastics and derivates in food packaging.
5. Reduce food loss and waste.

1.4 Focus of this background document

Regarding the environmental impact of the diet, the committee endorses the 5 guiding
principles on the environmental impact of sustainable healthy diets (FAO/WHO 2019)%
as described in paragraph 1.3. Data on terrestrial acidification are described
additionally. Note that the FAO/WHO also included principles on socio-economic
aspects of sustainable and healthy diets. These principles are very important, but they
are not considered in this background document, nor in the advisory report.

One of the FAO/FAO guiding principles on the environmental impact of sustainable
healthy diets consists of the recommendation to minimize the use of plastics and
derivates in food packaging.?° Part of the environmental impact of food is caused by
packaging materials, such as plastics, and additives in plastics such as plasticisers.**
The use of plastics and derivates in food packaging is not explicitly addressed in this
background document, but the environmental impact of packaging is part of the Dutch
LCA-estimates on the environmental impact of foods,*> which are used in this back-
ground document (see section 2.2). In 2023, RIVM published a research agenda on the
environmental effects of microplastics.*® Because of the role of plastic packaging in the
shelf life of food and the prevention of food waste, it is important to find suitable
alternatives. This is an area of growing research.

Animal welfare is an important issue, but this topic is beyond the scope of this
background document on environmental impact.*”-5"

The Dutch Dietary guidelines are aimed at the Netherlands, including the Caribbean
Netherlands. The committee does note, however, that the information on environmental
impact of foods in this background document relates to products consumed in the
European Netherlands, because the committee was not aware of specific information
on the environmental impact of products consumed in the Caribbean Netherlands.
Therefore, the committee could not indicate whether there are other or additional points
of attention for the Caribbean Netherlands.
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2 Methods

2.1 Introduction

The committee evaluated the environmental impact of foods and drinks in the
Netherlands partly based on a database of the RIVM (2024)* including 6 environ-
mental indicators based on life cycle assessment. The impact on biodiversity was
evaluated separately. Regarding dietary patterns, the committee used modelling
research. In addition, the committee consulted Dutch experts with expertise on various
outcomes regarding environmental impact from the Dutch perspective.

They contributed by means of a workshop, by additional consultations, and by
reviewing the draft of the background document.

2.2 Greenhouse gas, water use, land use, acidification and eutrophication

The RIVM 2024 database*® comprises environmental impact data for 411 food items
based on Dutch food consumption data (2019-2021) of 3,570 persons from 1 to 79
years old.%? The database includes the following environmental indicators: greenhouse
gas emissions as an indicator of global warming, land use, water use, terrestrial
acidification, eutrophication of saltwater and freshwater (see the text box Database on
the environmental impact of foods). These indicators are so-called midpoint indicators
(isolated environmental problems). There are also indicators aimed at the
consequences of these isolated environmental problems (endpoints) for example for
biodiversity, depletion of the planet’s resources (planetary boundaries) and health
effects.®

Database on the environmental impact of foods*®

RIVM has included six environmental indicators for 411 foods in the database on the
environmental impact of foods. RIVM uses the ReCiPe model to calculate these data
(from Life Cycle Inventory databases).*® The foods in the database account for 75% of
Dutch food consumption.3® Extrapolations to other foods make it possible to estimate the
environmental impact of the observed Dutch diet on this basis. 845

Greenhouse gas emissions (expressed as COz-equivalents) is an indicator of the impact
on global warming due to greenhouse gas emissions from human activity. All emissions
during a product's life cycle that contribute to climate change are included. The most
important greenhouse gases are carbon dioxide, methane and nitrous oxide.
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Water use (expressed in m2 or L) refers to the blue water use: the estimated amount of
ground-water and surface water that does not return to the environment after use,
because of evaporation or absorption into products, because the water is drunk by
livestock, used for cleaning, or because of other reasons. (Note: RIVM uses the term
‘water consumption’ instead of ‘water use’ in their LCA-database and reports. We deviate
from the RIVM terminology because in the context of dietary guidelines, ‘water
consumption’ can cause confusion with water that is drunk by humans.)

The specific referral to blue water use implies that the water use does not refer to green
water (precipitation and soil moisture) and grey water (polluted water).

Land use (expressed in m2 x year) is calculated as the land area used, multiplied by the
period of use. This refers both to the period of production and to the period of
transformation to prepare it for production. Land use is expressed in m2x year: used
surface of land multiplied by the period of use.

Terrestrial acidification (SO2-equivalents) is an indicator of the change in terrestrial
acidity due to atmospheric deposition of inorganic substances by human activity. It
includes all emissions during the life cycle of a product that contribute to acidification,
such as sulphates, nitrates and phosphates.

Freshwater eutrophication and marine eutrophication expressed in phosphorus (P)
and nitrogen (N) equivalents, respectively, are indicators of the nutrient enrichment of the
freshwater and salt-water environment due to human activity. It includes all emissions
during the life cycle of a product that contribute to fertilization, mainly nitrogen and
phosphate compounds.

2.21 Life cycle assessment

RIVM used life cycle assessment (see Life cycle assessment textbox) to estimate the
environmental impact of foods and diets.>* An LCA generates a quantitative estimate of
various environmental indicators. The data in an LCA-database are not direct measure-
ment data, but composite data. They are based on LCI (life cycle inventory)-data,
which relate to all the relevant material and emission flows throughout the life cycle of a
food. LCl-data are sometimes direct measurement data, but often extrapolations or
modelling of other measurement data.%®*¢ The committee used the LCA-data for foods
on the Dutch market related to all phases of the life cycle of products, e.g. production
(current production methods), processing, packaging, transport, sale, storage,
preparation, consumption and waste, based on the 2024 database of the RIVM.%3
RIVM used these data to describe the environmental impact of the Dutch diet.*?

Food losses (unavoidable, e.g. a banana peel) and food waste (avoidable, e.g. a
banana that is not consumed) are taken into account in Life Cycle Assessments (LCA).
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Agricultural losses are often embedded within harvest yield data. Data on losses during
packaging and distribution are not sufficient and assumed to be zero. Retail losses are
calculated using the Product Environmental Footprint method (which is standardized
for Europe) in combination with FAO data; the retail losses for product groups vary
within the range 0.5-10%. In the LCA, estimated average food losses and waste at the
consumer stage (in Dutch households) are combined.%’

Life cycle assessment

Life cycle assessment data describe the environmental impact of foods over the complete
life cycle, including the production, processing, packaging, transport, sale, storage,
preparation, consumption, and waste phases. LCA-estimates provide quantitative
estimate of various environmental factors. They relate to the food system at the time of
the assessment and may therefore change over time. LCA-estimates do not consider
interrelationships between foods (e.g., between dairy products and the beef from dairy
cows, between eggs and the meat from layer chicken) nor interrelationships between
environmental indicators (e.g., between land use changes and changes in greenhouse
gas emissions).

LCA-estimates are not measured but based on LCI (life cycle inventory) data. LCl-data
relate to specific aspects and factors within the life cycle of a food. LCl-data are
sometimes measurement data but often extrapolated or modelled based on other
measurement data. International standards and European rules apply for both the LCI and
the LCA methodologies.?

2.2.2 Food system models

LCA data relate to the food system at the time of their assessment. Therefore, they are
not suitable for considering the effect of large changes in food consumption (across the
population) or food production requiring changes in the food system. Food production
system models are needed in this situation.> They take account of the land available,
the suitability of crops per land type, any connection between the production chains
(beef from slaughtered dairy cows and dairy, for example). Models like this provide
estimates of quantities of raw materials produced and possibly also about the
corresponding nutrients and/or environmental impact that the production system has
on a certain country or region.%5°

Modelling studies may either or not include feasability conditions. The type of modeling
will affect the outcome of the study. Modelling studies may be used to estimate the
environmental impact or nutrient adequacy of a prespecified exchange of foods,
without taking feasability conditions into account.®®62 An example is a European study
in Denmark, Czech Republic, Italy and France that estimated the impact on green-
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house gas emissions of increasing the consumption of meat alternatives in the place of
meat.®® However, modelling studies often include feasability conditions.

These modelleling studies aim to keep the modelled diet as similar as possible to the
existing diet, based on the perspective that a radical diet change is not feasible for
consumers. As a result, these modelled diets are more likely to consist of foods that
are already being consumed in existing diets, rather than foods that are hardly being
consumed. For the Netherlands, this can affect the amounts of legumes, nuts, but also
of (partly or fully) plant-based alternatives for meat and dairy in modelled new diets.
Quantities of these foods will then still be relatively low in the modelled diets, with room
for further increases.

2.3 Biodiversity

The food system has an important impact on biological diversity or rather biodiversity.5°
The United Nations Convention on biological diversity (CBD 1996) described bio-
diversity as follows: ‘the variability among living organisms from all sources including,
inter alia, terrestrial, marine and other aquatic ecosystems and the ecological
complexes of which they are part; this includes diversity within species, between
species, and of ecosystems.’

The committee mentions the following ways to look at biodiversity:

1 Food production may directly affect the biodiversity of the ecosystem via, for
example, deforestation or overfishing.

2  Food production indirectly affects biodiversity of the ecosystem via greenhouse
gas emissions, eutrophication, terrestrial acidification, and use of animal pharma-
ceuticals and crop protection products (e.g. herbicides and pesticides).

3 Intensive food production systems, including large monocultures, have reduced the
diet diversity: the diversity of agricultural species and breeds being produced and
consumed, which, in turn, results in a decreased biodiversity of the ecosystem.

4  Areduced diet diversity as well as a reduced biodiversity of the ecosystem makes
the food production more vulnerable to failed harvests due to pests/plagues and
may lead to an increased need for plant protection products with subsequent
impact on biodiversity (see point 2).

Measurement methods of biodiversity are in full development, but there currently is no
uniform method to measure biodiversity. The decrease of biodiversity can, for example,
be expressed as 1) the decrease in numbers per species and 2) the extinction of
species. De Mean Species Abundance (MSA) indicates the extent to which the number
of plants and (warm-blooded) animals within species in a specific environment has
reduced over time compared to undisturbed conditions. This method can also be used
on a regional level. Damage to ecosystems, which is the endpoint of the so-called
ReCiPe-model® is a measure of the potentially disappeared fraction of species over
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space and time. The ReCiPe-method is applied in LCA(l)-research. The damage to
ecosystems measure takes invertebrates and (some) marine species into account (as
opposed to the MSA-method). Global warming, water use, freshwater ecotoxicity,
freshwater eutrophication, tropospheric ozone formation, terrestrial ecotoxicity,
terrestrial acidification, and land use are underlying measures to the endpoint damage
to ecosystems. Another measure of the loss of species is extinction per million
species*year.” For biodiversity, the committee used diverse scientific publications and
reports, including recent reviews of the Nordic countries (2023).54-6¢

2.4 Food waste

Food waste has environmental impact that can be avoided or reduced. The committee
uses available Dutch monitoring data. Since 2020, all countries of the European Union
(EV) are required to monitor food waste.®” The European Commission is working on
targets for reductions in food waste by the end of 2030.%¢ Earlier, the EU and the Dutch
government had already committed themselves to Sustainable Development Goal
(SDG) 12.3 of the United Nations™ aiming at halving food waste by consumers and
supermarkets in 2030 compared to 2015 and minimizing food losses in the rest of the
food chain.

2.5 Data quality

Knowledge on environmental impact of the diet is increasing. More indicators are
increasingly being added to databases. This is relevant because the effects on different
impact indicators can be different. However, some environmental indicators are rarely
included in research, for example because of the absence of a standard measurement
method. Biodiversity, overfishing, use of antibiotics and chemical pollution are not
usually included among outcome indicators of environmental impact.®®7°

Reporting on uncertainties is a matter of attention when mapping the environmental
impact of the diet. In 2023, the Health Council pointed out the following: ‘Uncertainties
can be found in the measurement data themselves and in the mathematical models
used®’" (see the Life cycle assessment text box). Calculating the environmental impact
of a food often results in just a single data point. In practice, however, the outcome can
sometimes be different for the same food depending on the production process, the
cultivation method or transport. A data point may also change over time. Uncertainties
are acknowledged, but are not usually quantified.”"”> Comparisons of analyses with
different data sources show that caution must be taken when interpreting data in
absolute terms and when comparing studies with each other.”7#

However, environmental impact data can be used to identify differences between food
groups and to estimate the effects of consumption changes within the same study.””
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In sectors producing multiple products, LCA estimates of specific foods are affected by
the allocation key chosen to divide the impacts among specific foods. For example,
greenhouse gas emissions are allocated between eggs and lay hens, between dairy
and meat from dairy cows and between edible grains and (inedible) residual flows.
Allocation can be based on the economic values of the foods or on biophysical allo-
cation (e.g., energy needed for egg production versus growth and maintenance of the
chicken). Shifts in the allocation key have relatively little impact on the value for dairy,
but can significantly change the value for veal.”® Although allocation methods are more
and more standardized, they may differ between datasets.

In 2023, the Health Council pointed out that transparency is important for both LCA

calculations of environmental impact (LCA) and source data (LCI), to make it possible
to assess data better, and to reduce uncertainties.?
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3 Dietary patterns

In this chapter, the committee describes environmental impact of the current diet based
on greenhouse gas, land and water use, acidification and eutrophication, biodiversity,
and food waste. The current diet, however, differs considerably from the recommended
healthy diet. The committee therefore additionally used data on modelled diets also
using (the background documentation of) the advisory report of the Health Council on
the protein transition.®> Modelled diets are, for example, diets with a low environmental
impact that are nutritionally adequate.

3.1 Greenhouse gas, water use, land use, acidification and eutrophication

3.1.1 The observed Dutch diet

The RIVM 2024 report indicated that in the observed Dutch diet the consumption of
animal-based protein foods contributes most to greenhouse gas emissions, land use,
terrestrial acidification and eutrophication of fresh and salt water. The environmental
impact of animal-based protein foods is much higher than of plant-based protein foods
(Table 1). With respect to the ranking of the food groups these findings are in agree-
ment with earlier monitors.”””® The production of fruit and olives, nuts and seeds,
coffee and thee, and meat on average contributed the most to water use.%®

Table 1 Estimated environmental impact of the average diet of Dutch men and women in the age range 1-
79 years per person per day and the contribution to dietary environmental impact of (1) animal-protein
foods, (2) plant-protein foods and (3) the food groups in this report, as reported by or calculated based on
RIVM 202453

Environmental Impact of the Contribution of Contribution of Contribution of the
aspect average diet in animal-protein plant-protein consumption of the
the Netherlands foods consumed? foods consumed® food groups evaluated

in this report°®

Greenhouse gas 3.8 kg CO,- 56% 11% 58%
emissions equivalents

Water use 86 L 24% 17% 37%
Land use 3.1 m? x year 45% 15% 50%
Terrestrial 13.5 g SO-- 61% 11% 63%
acidification equivalents

Freshwater 1.3 g P-equivalents 45% 13% 49%

eutrophication
Marine eutrophication 4.1 g N-equivalents 59% 12% 63%

@ Animal-protein foods refers to meat, dairy (semi-liquid dairy, liquid dairy and cheese), fish and eggs.

b Plant-protein foods refers to legumes, nuts, grains (bread, grains, rice and pasta) and plant-based alternatives for dairy
and meat). Note that grains are included but not evaluated in this background document, because the guideline on
grains were not prioritized for updating.?

¢ The food group evaluated in this background document are: meat, dairy, fish, eggs, legumes, nuts, and plant-based
alternatives for dairy and meat.
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Table 2 shows the contribution of individual food groups to the estimated environmental
impact of the diet. Meat and dairy are the product groups with the highest
environmental impact. The contribution of meat and dairy is much higher than all other
product groups for greenhouse gas emissions, terrestrial acidification, marine
eutrophication, freshwater eutrophication, and land use. Grains (bread, grains, rice,
pasta) also contribute notably to the environmental impact of the diet, but less than
meat and dairy consumption. Water use appears to be distributed over more food
groups than the other environmental aspects.

The committee notes that food transport is generally only a minor contributor to the
total greenhouse gas emissions, except when the food is transported by air.”

The extent to which water use for foods has an impact on the environment, depends on
water scarcity at the place where the food is produced. A third of the water use for
Dutch food consumption is located in countries where water is scarce, for example in
Spain, Egypt and Morocco.®
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Table 2 Contribution of the consumption of individual food groups evaluated for the Dutch dietary
guidelines 2025 and/or 2015 to the estimated environmental impact of the average diet of Dutch men and
women in the age range 1-79 years per person per day as reported by RIVM in 202453

Environmental aspect

Greenhouse Water use Land use Terrestrial Freshwater Marine
Food group gas emissions acidification eutrophication  eutrophication
Meat 26.9% 11.1% 26.7% 30.8% 19.3% 29.8%
Dairy? 23.0% 11.9% 12.9% 22.1% 14.0% 21.5%
Fish 2.4% 1.1% 1.4% 2.3% 6.4% 2.3%
Eggs 1.7% 1.5% 2.7% 2.9% 1.7% 1.3%
Nuts and seeds |1.3% 7.6% 3.4% 1.2% 1.9% 1.3%
Plant-based 0.7% 0.5% 0.8% 0.5% 0.6% 0.4%
alternatives®
Legumes 0.3% 0.3% 0.6% 0.3% 0.5% 0.2%
Grains and 8.2% 8.4% 10.6% 8.5% 10.2% 10.1%
grain products®
Vegetables 6.2% 5.7% 3.0% 5.1% 6.7% 4.7%
Fruit and olives |3.8% 9.9% 2.4% 3.2% 3.9% 2.5%
Potatoes 3.3% 2.9% 2.2% 2.8% 5.4% 3.2%
Vegetable 0.8% 5.6% 0.7% 1.0% 1.3% 0.3%
juices and fruit
juices
Coffee and tea [4.4% 10.4% 8.0% 3.4% 5.9% 71%
Soft drinks 2.2% 4.0% 1.1% 1.9% 3.2% 1.9%

@ Dairy includes liquid dairy, semi- liquid dairy and cheese.
b Plant-based alternatives includes alternatives for dairy and meat.
¢ Grains and grain products include bread, grains, rice and pasta.

3.1.2 Modelled diets

The various existing diet models can differ considerably. For example, the starting point
of some models is healthy with (additionally) an environmental impact as low as
possible, whereas in other models the environmental impact or the planetary bounda-
ries are the starting point. The models also differ in the used environmental indicators.
This can affect the conclusions, because not all environmental impact indicators are
highly correlated. Often, environmental impact is based on greenhouse gas emissions
or on combinations of indicators.
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In Dutch adults, a shift to a diet with 60% plant-based protein was estimated to result in
a 25% reduction in both greenhouse gas emissions and land use compared with the
current diet.® Replacing meat and dairy with plant-based foods completely would
reduce greenhouse gas emissions by 47% and land use by 41%,5" but requires
attention to ensure adequate intake of all micronutrients. A modelling study among
older adults in the Netherlands aimed at increasing protein intake (1.2 g/kg of body
weight) showed that if a high level of red and processed meat is habitually consumed,
a reduction of greenhouse gas emissions can be achieved by replacing red meat with
white meat.®’ Reducing or omitting the consumption of soft drinks and alcoholic drinks
by replacing these by water could also contribute significantly lower dietary GHG
emissions of people in the Netherlands.®?

Diets within planetary boundaries or based on climate targets

The EAT-Lancet 2019 study modelled a diet that stayed within planetary boundaries
(regarding environmental impact up to production).®” In addition to a more efficient
production system and halving food waste,®®’ this diet contained far less red meat (to a
maximum of one portion per week) and a sharp increase of nuts, vegetables, fruit and
legumes. The EAT-Lancet 2.0 modelled diet was published October 2025; the
recommendations were almost the same as in 2019.83

In a study by the World Wildlife Fund-NL (WWF-NL), a diet that stays within five
planetary boundaries' was modelled for the Dutch situation, taking into account
greenhouse gas emissions, land use, nitrogen surplus, phosphate use, and (irrigation)
water use up to consumption.®* In addition, assumptions were made on future, more
efficient food production systems, use of green energy, and a decrease in food waste.
The diet contained much less meat (about one portion per week), less cheese and
more vegetables, fruits, nuts, legumes, soy, and dairy and meat substitutes than the
current diet. This diet compared to the observed diet (2019-2021) was estimated to
result in a 43-83% reduction in environmental impact (greenhouse gas emissions, land
use, phosphate use, nitrogen surplus, and biodiversity) loss for men and 48-58% for
women, except for irrigation water use. Irrigation water use would increase with 7% for
women and decrease with 43% for men, but the total amount of irrigation water used
would remain within the planetary boundaries.?* The differences between men and
women were explained by the fact that the environmental impact of the observed diet
was lower for women than for men.

Studies based on the internationally agreed climate targets, concluded that the top
20% of the population with the highest consumption of red meat should reduce their
red meat consumption with 40%.° It is important to also consider the consumers’
willingness to change their diet.®
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Circular food systems

In circular agriculture, nutrients are used as efficient as possible. This means that
animals are only fed the residual flows from food production that are not suitable for
human consumption. It also means that cows only graze on land that is not suitable to
produce food for humans. As a result, a certain proportion of animal-based foods is
part of circular agriculture.®#” Although this proportion is (much) lower than currently
consumed and lower than in existing dietary guidelines, the production of meat would
not be zero.8®

3.2 Biodiversity

3.2.1 The observed Dutch diet

De Weert et al. studied the impact of the observed Dutch diet in 2012-2016 on bio-
diversity based on two methods: the MSA-method and the ReCiPe-method.®
According to the ReCiPe-method most of the impact on the loss of biodiversity could be
attributed to meat (32%, especially beef, but also pork and chicken) and dairy (17%)
and to a lesser extent to drinks such as coffee and tea (8%). These results were mainly
determined by the underlying indicators land use (49%), greenhouse gas emissions
(20%) and acidification (16%). Based on the MSA-method, the largest impact on
biodiversity loss could be attributed to beef, milk and milk products, chicken, cheese,
pork, fats and oils, and coffee. Again, land use (44%) and greenhouse gas emissions
(29%) are the underlying indicators of biodiversity loss. Due to the way of assessing
biodiversity, the findings are largely dependent on the findings on the environmental
indicators underlying the endpoint of biodiversity.

Various routes exist to improve or maintain biodiversity. Relevant to mention is organic
farming, because consumers can recognize these products by the EU logo (this logo is
only allowed on products that comply to the EU regulations for organic products).
Organic farming aims to produce food using natural substances and processes.
Responsible use of energy and natural resources is encouraged for the benefit of
biodiversity, ecological balance, water quality, soil quality, water regulation, and animal
welfare. Organic crop cultivation focuses more on the prevention of crop diseases and
pests, which limits the use of (organic) crop protection products. This is beneficial for
biodiversity, as crop protection products also unintentionally kill organisms (plants,
animals, micro-organisms). The same applies to animal feed crops, including grass. In
addition, the use of veterinary medicines (including antibiotics) is low in organic live-
stock and fish farming, which means that fewer medicine residues end up in the eco-
system. This is also beneficial for biodiversity. Greater biodiversity strengthens the
ecosystem, making it more resistant to crop failures due to extreme weather conditions,
diseases and pests. However, the average yield per hectare in organic production is
lower than in non-organic production.
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The committee notes that the use of chemicals crop protection products and veterinary
medicines can also be reduced by adjusted production methods in non-organic
farming.

3.2.1 Modelled diets

A diet according to the WWF-NL study (see section 3.1.2) was reported to result in
reductions in biodiversity loss of 55% for women and 84% for men compared to the
observed diet (2019-2021).8* Due to the way of assessing biodiversity, the findings on
biodiversity loss can be explained by the reductions in the underlying environmental
factors of biodiversity loss.

3.3 Food waste

3.3.1 The observed Dutch diet

Since 2010, the Netherlands Nutrition Centre measures food waste in households in
the Netherlands every three years. The amount and composition of the edible parts of
solid foods in organic waste bins and residual waste bins are assessed. Other routes of
waste are assessed by self-report.%°

In 2023, the Nutrition Centre estimated that 8.9% (33.4 kg) of all solid groceries were
wasted per person per year, based on a monitor of 2022.% Bread and bread products
(6.2 kg), vegetables (4.4 kg), fruits (4.3 kg), potatoes (2.8 kg) and semi-solid dairy (2.8
kg) were the five most wasted (based on weight) food groups. The relative share of
these foods to the total wastage of solid foods was 61% (20.4 kg of the total of 33.4 kg
per person per year). Since 2015, a 23% reduction of wastage was observed.
Regarding drinks, on average 64.4 liter per person per year was wasted. Coffee and
tea contributed for 47%, liquid dairy for 28% and soft drinks and juices for 12%.

The wastage of drinks in households has increased since 2019, especially of coffee
and tea.®® This increase could, however, be (partly) related to the Covid-19 pandemic
when many people were working at home. According to the authors, meat, meat
products, cheese, bread and bread products, and fruits and vegetables are important
food groups to focus on with respect to water use, land use, and greenhouse gas
emissions (top five).% Also the wastage of liquid dairy, coffee and tea is a point of
attention.®°

3.3.2 Overconsumption

It is known that excess food intake or caloric intake in general is an issue. In a review
of international modelling studies on diets with respect to health and environmental
impact, it was concluded that environmental benefit of dietary changes could be
explained in part by a reduction in total food consumption.®! Although still relatively
understudied, recently some data has been published on the concept of metabolic food
waste, which refers to the consumption of food beyond the body’s physiological
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requirements, with excess being stored as body fat rather than used for energy.%%-%

A study in Sweden, for example, estimated that 10% of the food-related greenhouse
gas emissions could be attributed to excess caloric intake; this was estimated based on
the overweight and obesity prevalence in Swedish adults. In this study, the amount of
metabolic food waste exceeded the amount of avoidable household food waste.*?

In Western countries the consumption of meat and dairy and the protein consumption
generally exceed the dietary recommendations and is much higher than the global
average.”

3.4 Conclusions

The current levels of consumption and production of food exert significant pressure on
the environment thereby contributing to exceeding the planetary boundaries. Therefore,
it is important to reduce the environmental impact of the average Dutch diet. Diets with
a lower environmental impact contain less meat (particularly red meat) and less dairy
than the current diet, and include fish from sustainable sources. For biodiversity, it is
important that fewer crop protection products, chemicals and veterinary medicines are
used. This is one of the principles of organic farming, but non-organic farming can also
contribute to reducing the use of these products by adjusted production methods.

It is important to prevent food waste as much as possible. There is much to be gained,
particularly regarding meat (products), cheese, bread (products), fruit and vegetables.
It is also important to limit overconsumption. This does not only concern excessive
energy intake (kilocalories), but also, for example, a protein intake that far exceeds
protein requirements. People who eat more generally cause more environmental
impact, especially if they consume too many products with a high environmental
impact, such as animal protein-rich products.
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4 Meat

4.1 Definition

In this background document, the food group meat includes red meat (e.g. beef and
pork) and white meat (e.g. poultry) in unprocessed and processed form. Fish is
covered in chapter 7.

4.2 Greenhouse gas, water use, land use, acidification and eutrophication

4.2.1 Contribution to the environmental burden of the observed total Dutch diet
The observed consumption level of meat is on average 87 grams per person per day in
the Netherlands (age range 1-79 years). For all six LCA-aspects meat is the food group
with the highest impact based on the observed average food consumption in the
Netherlands (Table 2). The relative contribution of meat is highest with regard to green-
house gas emissions, land use, terrestrial acidification and marine eutrophication: for
these environmental aspects 27-31% of the impact of the total diet is attributable to
meat consumption (Table 3).3

Table 3 Estimated environmental impact of the average consumption of meat of Dutch men and women in
the age range 1-79 years per person per day as reported by RIVM in 20245

Environmental aspect Impact of meat consumption Contribution of meat consumption to
dietary impact
Greenhouse gas emissions 1.14 kg CO2-equivalents 26.9%
Water use 7.57 L 11.1%
Land use 0.89 m? x year 26.7%
Terrestrial acidification 4.66 g SO2-equivalents 30.8%
Freshwater eutrophication  0.26 g P-equivalents 19.3%
Marine eutrophication 1.45 g N-equivalents 29.8%

4.2.2 Beef: Comparison based on equal amounts of foods

Comparison with other types of meat

Per 100 grams, all subtypes of beef have a higher impact than all subtypes of pork and
chicken on greenhouse gas emissions, water use and marine eutrophication (Annex A).
In the comparison of beef with chicken, this also applies to land use, freshwater eutro-
phication and terrestrial acidification. In the comparison of beef with pork, the ranges
for these three aspects overlap; however, the median values are higher for beef than
for pork.

Ruminants like cattle have higher greenhouse gas emissions than non-ruminants,
because of their production of methane (CH4). This substance contributes significantly
to the greenhouse gas emissions, as methane has a much higher global warming
potential than carbon dioxide. Farmed ruminant animals are the largest source (around
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30%) of the global anthropogenic methane emissions. Beef production and consump-
tion accounts for 6% of total global anthropogenic greenhouse gas emissions. To some
extent, the environmental impact of beef production could be reduced through various
technological approaches and through utilizing waste streams from other food systems
for some portions of the feed. However, these improvements alone are not enough.

To align with planetary boundaries, a reduction of the global beef production and con-
sumption is essential even when considering optimistic improvements in production
methods.®®

Beef for hot meals versus beef for sandwiches

Per 100 grams, the ranges of values for beef meat (to be prepared as part of a hot
meal) versus beef for sandwich (beef processed for the use on sandwiches) overlap,
with a lower median value for beef for sandwich than for beef (meat), see Annex A.
Of note, sandwich meat is usually consumed in smaller quantities than beef meat.

Comparison with other protein-rich foods

Per 100 grams, the median values of environmental impact for beef are higher than the
median values for all 27 other protein-rich foods for (almost) all six environmental
factors (Annex A). There are only three exceptions: per 100 grams of product, the
median water use is higher for tree nuts and rice than for beef, and the median fresh-
water eutrophication is higher for fish (both aquaculture and wild catch) than for beef.

Veal versus beef

Veal, if compared to an equal amount of beef, requires a substantially higher water use
and leads to a substantially higher terrestrial acidification, see Annex A. Note, however,
that the LCA-values for veal are relatively uncertain. Dairy farms produce multiple
products (dairy, beef from culled mature cows, young bull calves), and the estimated
total environmental impact is allocated between these products using an allocation key.
In comparison to the main product (milk), only a relatively small share is currently allo-
cated to calves (veal). A change in this allocation key would have a relative large
impact on veal and a relatively small impact on dairy."®

Beef from meat cows versus beef from dairy cows

Per 100 grams of beef*® and per 100 grams of protein,® dairy-based systems (beef from
dairy cows) yield a substantially lower impact on global warming (about 40% lower)
than suckler-based systems (beef from meat cows). The results for terrestrial acidi-
fication, eutrophication, energy use and land use show lower estimates for dairy cows
than for meat cows as well, but are based on only a small number of studies.®

The difference is partly related to the differences between allocation keys used
between beef from meat cows versus beef from dairy cows. The vast majority of Dutch
beef production comes from dairy cows. Dual-purpose cows are more sustainable,
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partly because their production is almost entirely grass-based. These breeds have a
slightly lower milk production than of dairy cows and a slightly lower meaty production
than meat cows, but they live longer and the meat quality is good, better than that from
dairy cows. The number of specific dual-purpose cows in our country has declined
sharply in recent years, but the sector is once again paying increasing attention to
this.%

Variation in the environmental impact between production methods

In comparison to intensive production methods, extensive methods keep a lower
number of animals per hectare, which implies that they have a higher land use per
kilogram of product and a lower yield per hectare. Examples of extensive versus
intensive comparisons are: grass-fed cows versus grain-fed cows?, and organic versus
conventional meat production.®7-%°

The eutrophication potential per kilogram product is higher in extensive versus inten-
sive production methods, both in grass-fed versus grain-fed cows, and in organic
versus conventional meat production.®” However, the impact on biodiversity on the
farms (see section 4.3.1), depends mainly on the amount of cows per hectare and the
handling of manure. Expressed per land area, the eutrophication potential was
estimated to be lower with organic versus conventional farming systems.'®

For greenhouse gas emissions, the picture for extensive versus intensive production
methods is less consistent: even if expressed per kilogram product these were higher
in grass-fed cows than in grain-fed cows, whereas the estimates for organic and
conventional meat production did not differ from each other.®’

4.2.3 Pork: Comparison based on equal amounts of foods

Comparison with other types of meat

For all pork items, greenhouse gas emissions, marine eutrophication and water use per
100 grams are lower than all beef items. Pork has a lower median value for land use,
freshwater eutrophication and terrestrial acidification, but the ranges of these values
overlap between pork and beef.

For all pork items, the emissions of greenhouse gas, freshwater eutrophication, marine
eutrophication and terrestrial acidification per 100 grams are higher than all chicken
items. Regarding water use and land use, the ranges of values for pork and chicken
(partly) overlap with higher median values for pork versus chicken.

Pork for hot meals versus pork for sandwich

When expressed per 100 grams, the ranges of values for pork versus pork for
sandwich (processed pork) overlap, with a lower median value for pork for sandwich
than for pork (meat), see Annex A.

a Grass-fed cows are pastured year-round or seasonally. Grain-fed cows are fed grain all year round.
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Comparison with other protein-rich foods

Per 100 grams, the median values of environmental impact factors for pork are higher
than the median values for almost for all 26 other protein-rich foods for (almost) all six
environmental factors (Annex A). The few exceptions: the median water use per 100
grams is higher for fish from aquaculture?, tree nuts and rice than for pork, and the
median freshwater eutrophication per 100 grams is higher for fish (both aquaculture
and wild catch) than for pork.

4.2.4 Chicken: Comparison based on equal amounts of foods

Comparison with other types of meat

The values per 100 grams on all six environmental aspects are lower for all chicken
items compared to all beef items. For four environmental aspects (greenhouse gas
emissions, terrestrial acidification, freshwater and marine eutrophication) all chicken
items have lower values than all pork items. However, regarding water use and land
use, the ranges of values for chicken and pork (partly) overlap with lower median
values for pork versus chicken.

Chicken for hot meals versus chicken for sandwiches

For each of the six environmental factors, the impact of chicken for sandwiches (only
1 item in the LCA-database) lies within the range of values for chicken meat, see
Annex A.

Comparison with other protein-rich foods

The median emissions of greenhouse gas, the median freshwater and marine eutro-
phication and the median terrestrial acidification per 100 grams are for chicken in the
lower range compared to other animal-based foods, but chicken has higher values than
most plant-based foods.

4.3 Biodiversity

4.3.1 Eutrophication and terrestrial acidification

Section 4.2 describes the high impact of meat on freshwater eutrophication, marine
eutrophication and terrestrial acidification. Per 100 grams of product, these values are
especially high for red meat (beef and pork). In the Netherlands, meat production is

a Fish from aquaculture (all 6 items combined) has higher median values than pork for two environmental
aspects: water use (median fish aquaculture 14 L/100 g is higher than median pork 7.7 L/100 g) and
Freshwater eutrophication (median fish aquaculture 0.96 g P-eq./100 g is higher than median pork 0.31 g
P-eq./100 g). The median values of fish from aquaculture (all 6 items combined) are lower than pork for
four environmental aspects: greenhouse gas emissions (median fish aquaculture 1.17 kg CO2-eq/100 g
is lower than median pork 1.26 kg CO2-eq/100 g), land use (median fish aquaculture 0.82 m2 x year/100
g is lower than median pork 1.08 m2 x year/100 g), marine eutrophication (median fish aquaculture 0.51
g N-eq./100 g is lower than median pork 1.34 g N-eq./100 g) and acidification (median fish aquaculture
2.00 g SO2-eq./100 g is lower than median pork 5.52 g SO2-eq./100 g).
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much higher than the amount consumed; a substantial part is produced for export.
Meat produced for export contributes to the environmental impact in the Netherlands.

Important regarding eutrophication and terrestrial acidification is the distinction between
livestock that is either or not land-bound. In land-bound livestock farming, a major part
of the feed supply is available at the farm, and the area of land is in balance with the
amount of manure produced (i.e. fewer animals per acre). Dairy farms with sufficient
pasture area for the number of cows are land-bound. The lower number of animals per
acre reduces the impact of their manure on biodiversity. This contrasts with the
situation of not land-bound livestock farms, such as intensive pigs, poultry and veal
farms, and intensive dairy farms with mega-stables where cows do not graze on
pastures.

4.3.2 Grasslands (pastures) for livestock

Intensive use of grassland for livestock in the Netherlands

Grasslands are important ecosystems in relation to the national biodiversity.’®" A very
large part of the land area in the Netherlands (23%) is used as grassland for livestock
farming with mainly high or medium intensity, which affects biodiversity. %1% Most of
these grasslands are characterised by a limited number of plant species (mostly Lolium
perenne), which is associated with low biodiversity of fauna.’® The biodiversity of flora
and fauna would benefit from agricultural methods to increase the variety of plant
species. For the biodiversity of the fauna, it is important that the intensity of land use
also decreases (especially less frequent mowing).'® Clearly, such a transition is not
easily achieved by farmers alone, as this affects the economic value of their land.'%®
Only about 3 per cent of the grassland for livestock in the Netherlands is subject to
some form of agricultural nature or landscape management (half of this area is part of
the National Ecological Network)."%?

Global deforestation associated with cattle farming

Globally, cattle farming is the number one driver of deforestation (and soybean
production (mainly for animal feed) is the third largest driver, see section 4.3.3), as
concluded in a study covering the period from 2001 to 2015. The expansion of pastures
for livestock production was highest in Central and South America, but deforestation for
cattle pastures occurs to some extent in all continents.'®” Globally, soybean production
is estimated to be the third largest driver of deforestation (cattle is the largest driver of
deforestation; palm oil is the second largest driver).

4.3.3 Feed of livestock

In general, the production of feed crops may have an impact on biodiversity loss, e.g.
via the associated use of crop protection products and fertilizers. But in relation to
biodiversity loss, the use of soy in animal feed is a specific concern. The major part of
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the global soybean production (around 76%) is used for animal feed.'®® The need for

soybeans for animal feed has resulted in large soy monocultures (land used only for

soy without crop rotation) associated with deforestation and serious losses of
biodiversity.

o Deforestation: Globally, soybean production is estimated to be the third largest
driver of deforestation (cattle is the largest driver of deforestation; palm oil is the
second largest driver). Deforestation for soybean production has been observed in
various continents, but by far the most in South America, especially Brazil, Argentina
and Peru.®5'%7 Aimost 70% of global soybean production occurs in Brazil and the
USA (both countries produce approximately the same amount), followed by
Argentina which produces 11%."%8

e Large monocultures: Globally, soybeans are grown predominantly in large mono-
acultures. These are associated with soil erosion, lack of crop rotation, and high use
of machinery. Although legume plants such as soy have nitrogen fixing properties
and generally do not require the use of nitrogen fertilizers, the cultivation in large
monocultures does require the use of nitrogen fertilizers, and also requires
increased use of chemical crop protection products.5®

There are substantial differences between farmed animal species in the use of soy as

feed: on average, the production of chicken, salmon and chicken eggs require the

largest amounts of soy per 100 grams of product, followed by pork. Soy is also part of
cattle feed, but it contributes a smaller portion in the feed of cattle than in the feed of
chicken, farmed fish and pork.'%®

4.3.4 Veterinary pharmaceuticals, antibiotics and particulate matter emissions

A review by Lumaret et al. decribed potential ecotoxicological effects of veterinary
pharmaceuticals in the environment. Veterinary pharmaceuticals and antibiotics
entering the environment may influence plants, animals, and micro-organisms.

For example, antiparasitic pharmaceuticals have an impact on soil nematodes.'®
Antibiotic use is especially high in calve-fattening farms.""! Besides the ecotoxicological
effects, the use of antibiotics in livestock contributes to the emergence of antibiotic
resistance, which poses risks to human health.'2-117

Poultry farming is associated with a higher use of antibiotics than pig farming and cattle
farming.'" The use of antibiotics in livestock farming is a risk for the development of
antibiotic resistance. With regard to the poultry sector, NVWA-BuRO mentioned in
2018 that the administration of antibiotics via drinking water systems can cause long
term exposure to low concentrations of antibiotics, which contributes to the risk of
developing antibiotic resistance.'™ The Netherlands Veterinary Medicines Institute
(SDa) published data on the usage of antibiotics in Agricultural Livestock in the
Netherlands in 2024. The average dose of antibiotics prescribed by veterinarians (the
Defined Daily Dose Animal or DDDAet per farm per year) was considerably higher for
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broiler chicken (9.4 for conventional chicken breeds) than for fattening pigs (3.3), dairy
cattle (2.6) and non-dairy cattle (0.6). The values for white veal calves was
considerably higher (19.1)."""

Within the agricultural sector, poultry farming has been reported to make the largest
contribution to particulate matter (PM10) emissions: 65% in 2021. The agricultural
sector contributed 19% to all particulate matter (PM10) emissions in the Netherlands.'8
In 2018, the Health Council of the Netherlands concluded that the Netherlands,
agriculture and road traffic are the most important preventable sources of air-pollution,
especially particulate matter.™°

4.3.5 Organic versus conventional meat production systems

Regarding the environmental aspect biodiversity, organic farming is better than

conventional farming.'® Several aspects are beneficial for both flora and fauna

biodiversity:

e The low use of veterinary pharmaceuticals and antibiotics in organic versus conven-
tional livestock is beneficial for biodiversity. Organically produced meat also contains
less antibiotic residues and antibiotic-resistant bacteria than conventionally produ-
ced meat.'?"'22 An American study reported that the air around organic versus con-
ventional cattle farms contained less resistant bacteria.’??

¢ The low use of synthetic crop protection products in organic versus conventional
feed crop production is beneficial for flora and fauna biodiversity. On organically
grown (feed) crops, the amount of residues of synthetic crop protection products
(from the nearby environment) is lower than on conventionally grown crops.'?!

Note that natural crop protection products, which are used in organic farming, are
not necessarily healthier than synthetic products.’?* However, in organic farming,
much efforts are made to prevent pests and diseases and lower the use of crop
protection products through crop rotation, mechanical weed control and the
promotion of natural enemies.

e The variety of plant species (flora biodiversity) on grasslands of organic cattle farms
is generally (much) larger than on conventional grasslands. And on average, organic
cattle farms are less intensive than conventional farms, which also reduces the
impact on biodiversity, see section 4.3.2.

4.4 Food waste and losses

4.4.1 All parts of an animal

From an environmental point of view, it is best that as little as possible animal parts are
wasted or used for other purposes than human consumption. Processed meat may add
to the consumption of some animal parts that are less suitable to be consumed in un-
processed form. And certain types of processing increase the shelf life of meat, which
may help to prevent waste.
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In relation to dairy farming (see also chapter 5), the concept of consuming all parts
comprises the milk, the meat of the (male) calves which are born to restart milk
production by the mature cow, and the meat of the mature cow when slaughtered,
apart from the milk produced by the cow.

4.4.2 Feed-to-food conversion

Livestock such as cattle can feed on grasslands which are not suitable as cropland and
livestock such as chicken and pigs can feed on leftovers from food production chains.
From these resources which are not edible for humans, livestock can produce nutrient-
rich food (meat, dairy, eggs, fish). In a circular system with optimal use of all land and
all waste streams for maximal human food production, the production of animal-based
foods would be in balance with the availability of these specific sources of animal feed.
Such system would imply a lower production of animal-based foods, but not a reduction
to zero production. Omitting all animal-based foods from the diet would leave marginal
pastures and waste streams? unused for human food production.8®

However, currently not all resources (e.g. land) are being optimally utilised to produce
food for people. A significant part of the feed that most livestock eat, is suitable to be
eaten directly by humans (human-edible feed). If humans instead of livestock would eat
these products, the total availability of food for humans would increase substantially.®®
Also, part of the land that is used for the production of animal feed that is not edible for
people could also be used for the production of food crops, which could further
increase the availability of food.

Furthermore, livestock is not only held on marginal grasslands. Globally, about a third
of the pastureland used for livestock is suitable to be converted to acres for the
production of crops eaten by humans.'?

Mottet et al. (2017) have presented estimates for the conversion of animal feed into
food for humans, including estimates for feed that is edible for humans. The latter
estimates are most important for evaluating the optimal use of resources for the
production of food for people. Milk cows produce meat and milk, layer hens produce
meat and eggs. To enable calculations including multiple foods with different protein
contents, the feed-to-food conversions are expressed in amounts of protein.'?®

A large part of the global soybean production is processed to soybean cakes and
soybean oil. Soybean cakes can be considered as the main driver of the global soy-
bean production. People cannot eat these cakes, but people can eat the soybeans they

2 With regard to waste streams it is important to consider the possibility of food safety risks.
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are made of. Therefore, Mottet et al. present feed-to-food conversion estimates for
human-edible feed including and excluding soybean cakes.'?®

Table 4 shows that the production of 1 kilogram of food protein by livestock requires 3
to 5 kilograms of human-edible feed protein. The estimates are highest for broiler
chicken (chicken meat production), intermediate and industrial pork production, cattle
farming in feedlots, and layer hen. Grazing cattle and mixed cattle production systems
have much lower estimates, as these animals eat more grass (not edible for humans).
The lowest estimates are for backyard pigs and chickens, these animals are mainly fed
with leftovers of human food.'?

Table 4 Estimates by Mottet et al. of the average amounts of total feed, total feed protein and human-
edible feed protein required to produce 1 kg of food protein (in meat, milk, eggs) in OECD countries
(including the Netherlands)'?®

Animal species and Feed for Feed Human-edible % protein % human-
production systems 1kg protein or feed protein in feed edible
food 1 kg food for 1 kg food protein in
protein protein protein? feed protein
Cattle, grazing 67 kg 8 kg 0.5-0.9 kg 12% 6-11%
Cattle, mixed 53 kg 7 kg 0.7-1.2 kg 13% 10-17%
Cattle, feedlots 62 kg 6 kg 4.1-4.7 kg 10% 68-78%
Small ruminants®, grazing 132 kg 16 kg 0.4-0.5 kg 12% 3%
Small ruminants, mixed 111 kg 13 kg 0.3-0.5 kg 12% 2-4%
Poultry, chicken 59 kg 10 kg 0.5 kg 17% 5%
Poultry, layer hens 18 kg 3 kg 2.9 kg 17% 97%
Poultry, broiler chicken 26 kg 6 kg 5.0-5.1 kg 23% 83-85%
Pigs, backyard 57 kg 7 kg 0.6-0.7 kg 12% 9-10%
Pigs, intermediate 35 kg 6 kg 4.5 kg 17% 75%
Pigs, industrial 29 kg 6 kg 4.4 kg 21% 73%

2 The lowest estimate excludes soybean cakes; the highest estimate excludes soybean cakes. Whole soybeans in the
feed are included in both estimates.

4.4.3 Food waste at consumers’ homes

Because of the large environmental impact of meat, it is important that the waste at the
consumers’ homes is minimized. In 2022, it was estimated that 2.4 kilograms of meat &
meat products were wasted per person per year.'?

4.5 Food chain interdependencies

4.5.1 Interdependency between beef meat, veal and dairy

The consumption of dairy implies that a certain amount of meat from dairy cows also
becomes available for consumption, based on the co-production of milk and beef in
dairy farming. Also, calves are born to restart milk production by the mature cow.
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Broekema et al. (2020) identified healthy diets with low greenhouse gas emissions.
They considered this food chain interdependency between beef and dairy in the dairy
food chain: 1 gram beef from dairy cows for every 46 grams milk.*°® (The publication
provides no estimate of the amount of veal associated with milk production.)

4.5.2 Interdependency between chicken meat and eggs

There is only limited food chain interdependency between eggs and chicken meat.
Most of the chicken meat sold is meat from broiler chickens; their meat is suitable for
relatively quick preparation methods such as frying or roasting. But broiler chickens are
not used for egg production.

Eggs are produced by laying hens, which are only slaughtered after they have laid
eggs for several years. In the Netherlands, these chickens are called soup chickens.
The meat of laying hens is tougher and fattier than that of young broiler chickens and is
not suitable for quick cooking methods. However, it is suitable for soups, stews and
chicken products.

4.6 Summary and conclusions

Current meat consumption in the Netherlands has the highest environmental impact
compared to other food groups. The environmental impact varies between types of
meat. Red meat has a significantly greater undesirable environmental impact than
white meat, while white meat has still more environmental impact than plant-based
protein sources. Between types of red meat, beef has a higher environment impact
than pork, and the meat from beef cows has a higher environmental impact than meat
from dairy cows and dual-purpose cows. Note that, in the current food system, chicken
meat (broiler chickens) is produced in a different chain than egg production (laying
hens, also called soup chicken). As a result, egg production is hardly related to chicken
meat production.

Impact on biodiversity

Meat is also the food group with the greatest impact on biodiversity loss. Important
reasons for this are the impact on the acidification and eutrophication of soil and water,
the use of plant protection products on grassland and in the cultivation of feed crops,
the generally high frequency of mowing grassland. In the Netherlands, about a quarter
of the land area is used as grassland for livestock farming and most of these grass-
lands have low biodiversity of flora and fauna because of the intensive use. Another
aspect with substantial environmental impact is the cultivation of soya for animal feed.
The cultivation of feed soy is associated with large-scale deforestation of (mainly South
American) nature reserves and, moreover, takes place in extensive monocultures,
which contributes significantly to the loss of biodiversity in the area. In this respect, the
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average chicken is less favourable than beef and pork, because the production of one
kilogram of chicken meat requires more feed soy than the production of beef and pork.
The use of antibiotics in livestock farming can contribute to the development of anti-
microbial resistance, which poses risks to human health. The average use of antibiotics
is considerably higher in broiler chicken than in pigs and cattle; the highest values are
reported for veal calves.

Certain sectors in livestock farming, including chicken farming, are associated with
considerable small particle emissions.

Different farming systems

Organic livestock farming is beneficial for biodiversity compared to conventional
livestock farming but requires more land per kilogram of meat. Therefore, a high
consumption of organic meat is not sustainable either.

Extensive livestock farming is better for biodiversity than intensive livestock farming.

Losses and waste

In the production of meat (and other animal-based foods) each kilogram of meat
protein involves several kilograms of protein in feed that would also be suitable as food
for humans. This inefficiency is highest for broiler chicken (chicken meat production),
pork production, cattle farming in feedlots, and layer hens. This balance is relatively
favourable for grazing cattle.

In a circular system aiming at a maximal production of human food, the production of
meat would be low but would not be zero. Meat production would be in balance with
sources of animal feed which cannot be eaten by humans: grass from grasslands
which are not suitable as cropland for foods, and leftovers from food production chains
which are not edible for humans.

From an environmental point of view, it is best to consume all parts of the animal and
waste as little as possible. Recommendations not to eat certain animal foods because
of adverse health effects (higher-fat meat and dairy products, processed meat) conflict
with this environmental perspective. Processed meat can help consume parts of
animals that are less popular to eat in unprocessed form. And certain types of
processing extend the shelf life of meat, which can help to avoid waste.
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Summary table on the environmental impact of meat versus most plant-based protein-rich foods

Environmental aspect Beef Pork Chicken
Greenhouse gas emissions  High impact High impact High impact

Water use High impact Intermediate impact Intermediate impact
Land use High impact High impact Intermediate impact
Marine eutrophication High impact High impact Intermediate impact
Freshwater eutrophication High impact High impact Intermediate impact
Terrestrial acidification High impact High impact High impact
Biodiversity loss High impact High impact High impact

Losses and waste High impact High impact High impact
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5 Dairy

5.1 Definition

Dairy products include milk and products made of milk, such as yogurt and cheese.
Although butter is dairy fat, in the Dutch dietary guidelines, it is included in the food
group of fats and oils,'?” as it also was in 2015."%

5.2 Greenhouse gas, water use, land use, acidification and eutrophication
5.2.1 Contribution to the environmental burden of the observed total Dutch diet
The observed consumption level of cheese and other dairy is on average 32 and 307
grams per person per day in the Netherlands (age range 1-79 years). The contribution
of the consumption of all dairy products to the environmental impact of the total food
consumption in the Netherlands was estimated to be 22-23% for greenhouse gas
emissions, terrestrial acidification, and marine eutrophication (Table 5). For water use,
land use and freshwater eutrophication, the estimates were somewhat lower, but also
substantial (12-14%).5® The primary production phase (the agricultural phase at the
dairy farms and feed crops farms) is estimated to account for around 80% of the total
environmental impact of dairy (from cradle to consumption).>°

Table 5 Estimated environmental impact of the average consumption of total dairy and of cheese and
(semi-)liquid dairy of Dutch men and women in the age range 1-79 years per person per day as reported
by RIVM in 202453

Environmental Impact of total Impact of Impact of Contribution of Contribution of Contribution of
aspect dairy (semi-)liquid cheese total dairy (semi-)liquid cheese
consumption dairy consumption consumption to dairy consumption to

consumption dietary impact  consumption to

dietary impact

dietary impact

Greenhouse gas  0.55 kg CO,- 0.55 kg CO,- 0.29 kg CO-- 23.0% 14.9% 8.1%
emissions equivalents equivalents equivalents
Water use 11.0L 8.7L 23L 11.9% 8.6% 3.3%
Land use 0.38 m? x year 0.24 m? x year 0.14 m? x year 12.9% 8.3% 4.6%
Terrestrial 2.87 g SO,- 1.76 g SO,- 1.11 g SO,- 22.1% 13.5% 8.6%
acidification equivalents equivalents equivalents
Freshwater 0.17 g P- 0.13 g P- 0.04 g P- 14.0% 10.3% 3.7%
eutrophication equivalents equivalents equivalents
Marine 0.82 g N- 0.49 g N- 0.33 g N- 21.5% 12.8% 8.7%
eutrophication equivalents equivalents equivalents

Table 5 shows that in the Netherlands, the environmental impact of the consumption of
cheese is smaller than the impact of the consumption of other dairy for all six
environmental factors.
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5.2.2 Comparison based on equal amounts of foods

Below, the committee compares foods and food groups based on equal amounts in
weight. Annex A presents the range of values per 100 grams of product, including four
subgroups of dairy: cheeses (8 items), yogurt, custard, etc. (8 items), milk and dairy
drinks (7 items) and quark (fresh cheese, curd cheese) (2 items). Of all dairy sources,
cheeses have the highest impact on the environmental aspects in the LCA-database,
the impact of quark is lower than cheese, but higher than yogurt and custard, and the
impact of yogurt and custard is slightly higher than the impact of milk.

These differences in environmental impact are mainly related to the different amounts
of milk (and other ingredients) required to produce 100 grams of each type of dairy.*
The amount of milk required to produce cheese varies considerably between different
types of cheese. For hard cheeses, around 10 litres of milk is needed per kilogram of
cheese.?® Added ingredients such as added chocolate or fruit and other factors in the
food chain also can increase the environmental impact of dairy.*

Comparison of cheese with other protein-rich foods

Taking all these six environmental aspects together, the environmental impact per 100
grams of cheeses is somewhere in between food groups with overall a higher impact
(beef, pork, fish from aquaculture) and food groups with overall a lower impact
(legumes, meat alternatives, wild fish from fishery, mussels, peanuts, seeds, chicken,
eggs).

The committee notes that cheese is usually eaten on sandwiches in the Netherlands.
In sandwiches, cheese is usually eaten in similar quantities as meat (the amount of
meat per sandwich is smaller than the usual amount of meat during hot meals). That is
why Annex A presents beef for sandwiches, pork for sandwiches and chicken for sand-
wiches separately from beef, pork and chicken for hot meals. In general, the values for
cheese are lower than beef for sandwiches, whereas they (partly) overlap with the
values for pork and chicken for sandwiches.

Note that there are also differences between cheese and other protein-rich foods in
terms of average consumption and/or portion size and/or recommended consumption.

Effect of protein enrichment on the environmental impact of dairy

Some of the dairy sold is enriched with extra protein, such as whey protein. This type of
enrichment will increase the environmental impact. The extend of the increase will
depend on the type of protein used. In addition to the direct impact of adding this
protein, there is also an indirect aspect to consider: the protein that is currently used for
enrichment may have had a different application previously. In that case, it is important
to also examine how the environmental impact related to the other application has
changed.
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Variation in the environmental impact per litre of milk produced

The estimates in Annex A are a representative average for all foods on the Dutch
market. However, between dairy farms, the environmental impact per litre of milk
produced varies, depending on several factors including milk yield (which is not uniform
across the global herd of farmed cows), feed type, production methods, production
location and the use of innovative techniques. Locally grown feed from nitrogen fixing
legumes will potentially have lower environmental impacts compared to imported grains
and soybeans. Methane emissions from cows depend on feed type and feed digesti-
bility (higher cellulose feeds result in a higher methane release from the animals).
Emissions from manure can also vary; they depend, for example, on temperature,
amounts, oxygen availability, storage type and the use of air scrubbers for stables.
Regarding the comparison of organic versus conventional dairy farms in the Nether-
lands per litre of milk, the land use was higher in organic farming, whereas lower
values for the average greenhouse gas emissions and energy use were reported.'?°

5.3 Biodiversity

Dairy production and consumption have a substantial impact on biodiversity loss.
The issues mentioned for beef (more detail and references: 4.3) also apply to dairy:
through the manure, dairy livestock has a major contribution to eutrophication and
terrestrial acidification of land and water and the release of veterinary medicines and
antibiotics into the environment. About a quarter of the land area in the Netherlands is
used as grassland, mainly for dairy livestock farming. Most of these grasslands have
low biodiversity of flora and fauna because of the intensive use. On a global scale,
livestock farming has a major impact on deforestation of land for both pastures and
soybean production for animal feed. In the Netherlands, dairy production is much
higher than the amount consumed; a substantial part is produced for export.

Dairy produced for export contributes to the environmental impact in the Netherlands.

As mentioned in the chapter on meat (see section 4.3.5), organic dairy farming is better
for biodiversity than conventional farms. A summary: organic farming, the use of
veterinary pharmaceuticals and antibiotics is substantially lower than in conventional
farming. The natural crop protection products used in organic farming are not
necessarily healthier than synthetic products used in conventional farming, but organic
farming lowers the use of crop protection products through crop rotation, mechanical
weed control and the promotion of natural enemies. The variety of plant species on
grasslands of organic cattle farms is generally (much) larger than on conventional
grasslands. On average, organic farms are less intensive than conventional farms
(less animals per land area), which also reduces the impact on the environment.
These aspects are all beneficial for both flora and fauna biodiversity.
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5.4 Losses and waste

In intensive dairy production systems, each kilogram of protein produced involves
several kilograms of protein in feed that is also suitable as food for humans.

In extensive dairy production systems, a larger part of the feed is not edible for humans
(e.g. grass, leftovers from food production chains).

In a circular system aiming at a production of human food within planetary boundaries,
the production of dairy (and other animal-based foods) would be low but would not be
zero. The amount of cattle would be in balance with sources of animal feed which
cannot be eaten by humans (see section 4.4.2 for more detail and references).

The LCA-data used for the information in section 5.2 include estimates of the losses
and waste in the food chain and by consumers.

The waste of foods and drinks by consumers was estimated in 2022 (Table 6).

Unavoidable food losses such as cheese rinds were not counted as food waste. %%

e The waste of all liquid and semi-liquid dairy at the consumers’ homes is estimated to
be 16 L per person per year.

e The estimated waste of cheese in consumers’ homes is 1.1 kg per person per year.
This value is higher than for meat, vegetables, and fruits, but lower than for bread.
Note that cheese production involves - on average - about 10 times as many litres of
milk. The waste of 1.1 kg of cheese thus involves around 11 L of milk per person per
year). So although cheese is a preservation method for fresh dairy, still quite a lot is
wasted.

Table 6 Waste of dairy in consumers’ homes'?

Solid foods Waste per Waste as percentage of all Waste as percentage of
person per year foods wasted the quantity bought
Cheese 1.1 kg 3.4% of all solid foods wasted 10.1%
Semi-solid (thick) dairy 2.8 kg 8.2% of all solid foods wasted 6.7%
Milk & buttermilk 10.3 L 16% of all drinks & semi- Not reported
liquid dairy wasted
Other dairy drinks 3.2L 5% of all drinks & semi-liquid  Not reported

dairy wasted

The committee is not aware of information on the waste of dairy in the production and
retail chains. Of note, residues of veterinary medicines above the legal standards are
hardly ever found in milk as sold. If excessive levels are found, the products are taken
off the consumers’ market.

Furthermore, from an environmental point of view, it is best that as little as possible
animal products are wasted or used for other purposes than human consumption.
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In relation to dairy farming, the concept of consuming all parts comprises the milk, the
meat of the (male) calves which are born to restart milk production by the mature cow,
and the meat of the mature cow when slaughtered, apart from the milk produced by the
cow (see also section 4.4.1).

5.5 Food chain interdependency between beef and dairy and interdependency
of products made from the milk produced by cows
Different fractions of the milk produced (full-fat/semi-skimmed/skimmed dairy, butter)
Per 100 grams, buttermilk has a lower environmental impact than whole milk. However,
the consumption of buttermilk and other skimmed dairy implies that a certain amount of
dairy fat (butter) also becomes available for consumption. The production of a litre of
buttermilk and a litre of full-fat milk requires the same amount of milk. From an environ-
mental point of view, it is important that all fractions of the cow's milk produced are
consumed.

Beef and dairy

The consumption of dairy implies that a certain amount of meat from dairy cows also
becomes available for consumption, based on the co-production of milk and beef in
animal husbandry of dairy cows. Quantitatively, this is estimated to be: 1 gram of beef
from dairy cows for every 46 grams of milk.3°

5.6 Summary and conclusions

The environmental impact of dairy consumption in the Netherlands is high: dairy has
the second highest impact on the environment, after meat consumption. This concerns
greenhouse gas emissions, land use, water consumption, acidification and
eutrophication. The impact on biodiversity is also significant, due to the use of crop
protection products on grassland and feed crops, the impact of veterinary medicines
including antibiotics, the generally high frequency of grassland mowing and the
deforestation of important nature areas for soy cultivation.

Summary table on the environmental impact of dairy versus most plant-based protein-rich foods

Environmental aspect Contribution of dairy consumption to the impact of the total food
consumption

Greenhouse gas emissions High contribution

Water use High contribution

Land use High contribution

Marine eutrophication High contribution

Freshwater eutrophication High contribution

Terrestrial acidification High contribution

Biodiversity loss High impact

Losses and waste Relatively high waste in the consumers’ homes.
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6 Eggs

6.1 Definition
This chapter describes the environmental impact of (chicken) egg production and
consumption. The Netherlands is a major producer of eggs.'°

6.2 Greenhouse gas, water use, land use, acidification and eutrophication

6.2.1 Contribution to the environmental burden of the observed total Dutch diet
The observed consumption level of eggs is on average 16 grams per person per day in
the Netherlands (age range 1-79 years). The contribution of the consumption of eggs to
the environmental impact of the total food consumption in the Netherlands was low
(between 1.3% and 2.9%) for all six environmental factors (Table 7).>3 Note that a
substantial portion of the eggs consumed are part of processed foods; these eggs are
not included; Table 7 refers to eggs bought by consumers.

Table 7 Estimated environmental impact of the average consumption of eggs of Dutch men and women in
the age range 1-79 years per person per day as reported by RIVM in 202453

Environmental aspect Impact of egg Contribution of egg consumption to
consumption dietary impact

Greenhouse gas emissions 0.06 kg CO2-equivalents 1.7%

Water use 1.09L 1.5%
Land use 0.08 m2 x year 2.7%
Terrestrial acidification 0.38 g SO2-equivalents 2.9%
Freshwater eutrophication 0.02 g P-equivalents 1.7%
Marine eutrophication 0.05 g N-equivalents 1.3%

Harwatt et al.®® report, based on Poore and Nemecek 2018,5 that ‘the environmental
impacts of eggs tend to be largely concentrated during the production stages of the life
cycle, which account for around 90% of impacts. For example, greenhouse gas
emissions are largely attributed to feed crop production, whereas the animal farming
component accounts for the largest share of terrestrial acidification impacts, and
eutrophication impacts are more equally spread between feed crop production and
animal farming.

The types of environmental issues related to egg production are largely the same as

those related to meat and dairy production (e.g., land use, manure and urea, nutrient
pollution of surrounding ecosystem, resource use on farm including water and energy
for housing), which includes a significant proportion of impacts from feed production.’
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6.2.2 Comparison based on equal amounts of foods

The lifecycle database by RIVM provides one item for chicken eggs.*® The values for
eggs were compared with the range of values for the chicken items (four items: chicken
fillet, chicken schnitzel, chicken fillet as a meat product, chicken with skin). For water
use, eggs were within the range of values for chicken. For the other five environmental
factors, the values for eggs are lower than for chicken (greenhouse gas emissions,
land use, terrestrial acidification, freshwater and marine eutrophication, see Annex A).
In comparison to plant-based protein-rich foods, eggs have a higher greenhouse gas
emissions and a higher value for terrestrial acidification.

As mentioned in chapter 1, allocation of the environmental impact is relevant for eggs.
With regard to eggs, based on the energy requirement for egg production, growth and
maintenance, the environmental impact is divided between eggs and laying hens for
slaughter.®’

6.3 Biodiversity

Antibiotic use is, as for other animal products, also relevant for egg production.

The production of eggs requires the third largest amount of soy per 100 grams of
product (the production of broiler chicken meat and certain fish species such as salmon
involves more soy).'%

6.4 Losses and waste
Approximately 10 eggs per person per year were wasted in 2022.%6

6.5 Food chain interdependency between eggs and chicken

There is only limited food chain interdependency between eggs and chicken meat.
Most chicken meat sold comes from broiler chickens, which are not used for egg
production. Eggs are produced by laying hens, which are only slaughtered after they
have laid eggs for several years and are then sold as soup chickens (see section
4.5.2).

6.6 Summary and conclusions

The environmental impact of egg consumption is relatively small compared to other
animal foods such as meat and dairy, but higher than certain plant-based protein-rich
foods (e.g. legumes, meat alternatives).
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Summary table on the environmental impact of eggs versus other protein-rich foods

Environmental aspect Conclusion based on the consumption of eggs versus
other protein-rich foods

Greenhouse gas emissions Low-medium impact

Land and water use Low-medium impact

Eutrophication and terrestrial acidification Low-medium impact
Biodiversity loss Low-medium impact
Losses and waste Low-medium impact
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7 Fish

7.1 Definition
This chapter describes the environmental impact of fish, which is used as a term
combining finfish and shellfish.

Species from aquaculture (farmed) versus fishery (wild)

The distinction between fish from aquaculture (farmed fish) and wild fish from fishery is
relevant for the environmental impact. Since the early 1990s, global wild fish catch has
remained relatively constant whereas fish production from aquaculture increased
dramatically. Aquaculture is therefore important in relation to the growing demand for
seafood."' Our World in Data provides information on the year 2022."32

Worldwide, the fish production from aquaculture was higher than the capture of wild
fish by fishery (569% of all global fish came from aquaculture: 127 million tons from
aquaculture versus 88 million tons from fishery). Eighty percent of the fish from
aquaculture was produced in the region East Asia and Pacific.'3?

However, in the Netherlands, the capture of wild fish was substantially higher than the
fish production from aquaculture (88% of all Dutch fish came from fishery: 299
thousand tons from fishery versus 39 thousand tons from aquaculture).'3?

Fatty species versus lean species

The distinction between lean and fatty species is relevant for the health effects and is
part of the Dutch guideline on fish consumption. Lean species are generally defined as
species with less than 5 grams of fat per 100 grams of fish. Lean species include, for
instance, tuna, pollock, cod, plaice, pangasius and shellfish. Fatty species contain at
least 5 grams of fat per 100 grams of fish and include, for instance, eel, herring,
mackerel, salmon, trout.

7.2 Greenhouse gas, water use, land use, acidification and eutrophication

7.2.1 Contribution to the environmental burden of the observed total Dutch diet
The observed consumption level of fish is on average 15 grams per person per day in
the Netherlands, or 105 grams per week (age range 1-79 years). The contribution of
the consumption of fish to the environmental impact of the total food consumption in
the Netherlands was estimated to be 6% for freshwater eutrophication. The contribution
was low (1-2%) for greenhouse gas emissions, water use, land use, terrestrial
acidification and marine eutrophication (Table 8).%
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Table 8 Estimated environmental impact of the average consumption of fish of Dutch men and women in
the age range 1-79 years per person per day as reported by RIVM in 20245

Environmental aspect Impact of fish consumption  Contribution to total dietary impact
Greenhouse gas emissions 0.10 kg CO2-equivalents 2.4%
Water use 1.02L 1.1%
Land use 0.04 m2 x year 1.4%
Terrestrial acidification 0.31 g SO2-equivalents 2.3%
Freshwater eutrophication 0.14 g P-equivalents 6.4%
Marine eutrophication 0.11 g N-equivalents 2.3%

7.2.2 Comparison based on equal amounts of foods

The range of environmental impact values is very wide within the food group of fish in
the Dutch LCA database (see Annex A). Therefore, this section focusses on differen-
ces within the food group of fish: differences between species and between farmed and
wild fish (aquaculture versus fisheries); a comparison of the range of the whole fish
food group with other food groups is not informative.

Greenhouse gas emissions

The range of greenhouse gas emissions is very wide within the product group of fish:
some fish items approach the highest values (certain species of farmed fish), whereas
other fish items have very low values (a substantial part of the fish from fisheries).

This is consistent with the global data from Our World in Data: these also show marked
variability. This implies that the consumers’ choice between species of fish impacts the
associated greenhouse gas emissions. Low emission per kilogram is observed for most
of the wild species from fishery and part of the farmed species. The estimates per
species vary substantially for wild species (fishery), whereas the variability is much
smaller for farmed species (aquaculture). Note that these global data only relate to the
emissions associated with fish farms and fishing (the subsequent transport, retail,
packaging, processing, cooking are not included), whereas the estimates in the Dutch
database are for cradle to consumption, which is more suitable in relation to the
purpose of establishing consumption guidelines.
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Figure 1 Global estimates and variability of species-specific greenhouse gas emissions (in kilograms CO2-
equivalents per kilogram of edible weight) associated with production at the fish farm or directly associated
with fishery (data for groups of species are blurred).

This figure is copied from Our World in Data (licensed under CC-BY by the author Hannah Ritchie).’
The data are based on the publication Environmental performance of blue foods by Gephard J. et al. in
Nature (2021): a meta-analysis of data from 1690 fish farms and 1000 fishery records. The data include
on-farm and off-farm emissions. However, the data do not include post-farmgate emissions, such as
transport to retail, packaging, processing or cooking.
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Land use

Farmed fish from aquaculture can involve substantial land use.

¢ Land use for aquaculture mainly relates to the production of feed, because the sea
and coastal strips are not included. In 2016 almost 70% of cultured seafood was
raised on feed inputs with an important contribution of soy (and corn) in fish
feed.'%133 However, some farmed species do not require feed inputs and therefore
put less pressure on land, especially the aquaculture of filter feeding molluscs
(bivalves such as mussels, oysters, cockles and scallops).’®?

¢ The land use for aquaculture relates to a much lesser extent to the area of the
aquaculture farms, despite the fact that around 60% of the aquaculture is estimated
to take place on land (in ponds).'3?

Based on both Dutch and global estimates, farmed trout and farmed salmon are

associated with a relatively low land use, whereas the land use is relatively high for the

farmed variants of tilapia, pangasius and shrimp.

Note that fish from wild catch obviously involves very little land use. Processed

products made from wild fish are associated with some land use resulting from

additional ingredients of the food or the resources for processing steps such as

smoking and packaging.

Water use

Water use is low for wild fish from fishery, whereas it can be very high in aquaculture.
The water use in aquaculture depends on the farming system, location, fish species
and the water use for growing feed crops.

Based on the Dutch estimates, farmed trout and salmon are associated with a relatively
low water use, whereas the water use is relatively high for farmed shrimp, claresse,
tilapia and pangasius.

Terrestrial acidification

Terrestrial acidification varies substantially between fish species. Based on the Dutch
estimates, these values are relatively high for farmed shrimp, claresse, tilapia. The high
value for canned tuna in oil may be related to the oil and packaging.

Freshwater eutrophication

In the food group of fish, freshwater eutrophication varies more than in any other food
group, and a substantial part of the values for fish is very high. Most farmed fish
species show high values for this environmental aspect; the highest values in the LCA
database refer to farmed shrimp, claresse and tilapia. For fish from fisheries, the range
of values for freshwater eutrophication is large and includes both high values and
values that are relatively low compared to other animal protein sources.
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Marine eutrophication

According to the Dutch LCA-database from RIVM, farmed salmon and shrimp are
associated with relatively high marine eutrophication values. The other species have
relatively low values.

7.3 Biodiversity

Both fisheries and aquaculture have a range of adverse impacts on biodiversity.'3*

In relation to fisheries, the main risks for biodiversity come from overfishing (decline of
wild fish populations), the discard of bycatch, and the destruction of habitats through
equipment (the latter depends on catching techniques).

In relation to aquaculture, the main risks for aquatic biodiversity come from land and
aquatic space conversion for farms, the release of faecal matter, nutrients, pharma-
ceuticals, antibiotics and other chemicals in the local environment, the use of fish as
feed for farmed predator species. Because of genetical selection, farmed fish are less
adapted to living in the wild. Interbreeding between farmed escapees and wild fish can
decrease the fitness of the wild population. For some farmed species (e.g., shrimp and
eel), aquaculture requires the capture of larvae from the wild, which also has bycatch
impacts. The production of plant-based fish feed has impact on biodiversity on land:
e.g. by its contribution to deforestation, and the use of crop protection products.®®

The soy consumption of farmed salmon, for example, is very high compared to other
livestock.'%®

7.3.1 Wild fish from fishery

Overfishing

In 2020, FAO reported on the 2017 data available on overfishing (decline of wild fish
populations), based on the available species- and region-specific estimates. Of the
assessed fish populations 34% were overfished or even threatened with extinction, 6%
were underfished and the majority (60%) were fished at maximum capacity.

The term maximum means that fish is caught at a level of maximum sustainable yield:
the greatest average amount of catch that can be caught under the current
environmental conditions without long-term effect on the population size. Note that
population growth rates are often greatest when the population size is moderate and
reduces when the population approaches its natural limit. With intensive management
of fisheries, the population may increase above target levels or rebuild.’®

There are major uncertainties in the estimates of population sizes and overfishing.
The availability of data on fish population sizes may be relatively good for Europe and
North America, but these data are sparse for Asia, Latin America and parts of Africa.
Such data gaps present a major hinderance to asserting what is sustainable or not."

Bycatch

Bycatch is an important issue in fishery which impacts non-targeted fish populations.
Bycatch is often discarded. Most discards (93%) result from large, industrial scale

Page 44 of 80



fisheries.%® If data on fish population sizes are available, most databases (including the
database of the UN Fisheries Division) only register the fish brought back to land and
do not register the discards of bycatch, which makes it impossible (or very difficult and
with uncertainties) to assess fish stocks.!

Bottom trawling is estimated to account for around 50% of the total fish discards from
all fisheries. Bottom trawling produces around 25% of the global annual fish catch; this
method targets species living on the bottom or close to the bottom, such as cod and
haddock.

Purse seine (vertical nets) may also have high levels of bycatch. This technique
accounts for 20% of global annual catch.®®

The lowest levels of bycatch are associated with pole-and-line, and longline methods
which are more commonly used in lower income countries for subsistence or small-
scale fishery.5®

Physical impact on ecosystems

Bottom trawling physically damages ecosystems. The extent of the damage largely
depends on the depth of the trawl into the sediment, but sediment type and lifeforms in
the area are also important. The estimated faunal biomass damaged per pass is, on
average, 6% with otter trawls to 41% with hydraulic dredging. Post-trawling recovery of
the damage may take 2 to 6 years, depending on fisheries and environmental
context.5®

Trawls using electrical stimulation could significantly reduce the physical damage to the
seabed ecosystem, with lower discards, lower energy consumption and low injury rates
for flatfish and most roundfish; specific risks to cod have been identified, but may be
manageable by restricting the use of this technique in cod habitat.®

The physical destruction of the bottom and selective removal of species can impact the
functioning of entire ecosystems. For instance: overfishing of top predators may allow
herbivorous species to flourish, leading to a reduction in vegetation and reducing the
carbon storage capacity of marine environments.%°

Impact of ocean acidification on ecosystems

Ocean acidification resulting from increasing atmospheric concentrations of CO-
through fossil fuel use from various sources has been identified as a substantial threat
to marine ecosystems. Coral reefs and calciferous marine organisms are among the
sensitive species. This may also impact fishery, as it is expected to lead to a decline of
the catchability of over a hundred fish species by up to 30%. Fishery and aquaculture
are amongst the sources of ocean acidification, but there are various other sources.®

7.3.2 Farmed fish from aquaculture

Some forms of aquaculture are in open connection to the environment (cage systems)
or release untreated wastewater into the environment (intensive pond cultures).

Fecal matter, nutrients, pharmaceuticals, antibiotics and other chemicals in the water
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can affect nearby ecosystems.’®” Note that the fish item from sea cages in the LCA-
data (salmon) has a high value for marine eutrophication.*

Recirculating Aquaculture Systems purify and recirculate the water, so that the impact
on biodiversity is low. Flow-through systems let water flow back into rivers or the sea,
with or without water treatment.’” Note that the fish items from recirculating systems in
the LCA-data (claresse and tilapia) appear to have relatively high values for
greenhouse gas emissions, water use and freshwater eutrophication.®

The use in aquaculture of antibiotics and animal pharmaceuticals is seen as a growing
problem.'3813% Fish are (randomly) checked in the Netherlands for the presence of
veterinary drug residues. If the permitted levels are exceeded, products are withdrawn
from the market or import shipments are refused. The use of antibiotics in fish farming
in third countries (countries outside the EU) can increase the risk of antibiotic
resistance, also in the Netherlands.'*°

The production of chicken and salmon require the largest amounts of soy per 100
grams of product, followed by eggs and pork. Soy is also part of cattle feed, but it
contributes a smaller portion in the feed of cattle than in the feed of chicken, farmed
fish and pork.'%®

In terms of habitat disturbance, shrimp have the largest impact from aquaculture.

The impact of aquaculture on ecosystems is often large. In South-East Asia, freshwater
and brackish-water pond farming has driven large-scale local and regional landscape
transformations including biodiversity loss in large areas (~60,000 km2) of ecologically
valuable coastal agricultural land and wetland habitats. Mass escapes from fish farms
resulting in cross breeding and behaviour change in wild salmon is an ongoing issue.
Other issues are the spread of pathogens from farmed fish to wild species, and the
local eutrophication.®®

7.4 Losses and waste

7.4.1 Fish in : fish out ratio

Most of the wild-caught fish from fishery is consumed directly by humans, but part of
the wild fish is used to feed fish in aquaculture and other farmed animals. The amount
of feed fish has decreased substantially over the past decennia, due to efficiency gains
and switching to plant-based feed blends. Our World in Data reported that over the
period 1997 to 2017 the average fish in : fish out (FIFO) ratio decreased from 1.9 to
0.28, but there were still substantial differences between species in 2017. Our World in
Data estimated that, in 2017, 11% of all wild fish from fishery was fed to farmed fish
and 5% of the wild fish was fed to other animals.™' A recent publication recommends
to include the retention of nutrients (particularly omega-3 long chain polyunsaturated
fatty acids) from fish feed to the farmed fish product in the FIFO-metric. This approach
supports the use of by-products in fish feed over the use of whole fish and fish oil.
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The study revealed a high variation in feed fish nutritional content related to various
seasonal and environmental factors. ™"

7.4.2 Waste at consumers’ homes
Little fish is wasted at home. In 2022, fish was the food group that was wasted the
least.'?®

7.5 Quality labels

Labels for the environmental quality labels can be useful for all food groups.

The committee is adding information about quality labels for fish because of the great
complexity of the environmental impact for this specific food group.

In the Netherlands, Milieu Centraal specifies top-quality labels. These are the labels
that provide the most reliable and transparent information in the areas of environmental
impact, animal welfare, working conditions.®® The top-quality labels for fish and the
good fish classification involve low impacts on ecosystems and biodiversity. The extent
to which energy consumption, animal welfare and working conditions are involved,
differs between the quality labels. Milieu Centraal provides the following information:

Top-quality labels for wild-caught fish:

e MSC (Marine Stewardship Council) label.
The MSC label is aimed at the sustainable management of fish stocks, causing as
little damage as possible to marine ecosystem and minimising bycatch. Note that in
some areas, WWF does not consider this MSC quality mark strict enough.'#2

Top-quality labels for farmed fish:

e ASC (Aquaculture Stewardship Council) label.
The ASC label aims at a low impact on the local ecosystem, at prevention of
diseases and at a low use of medication. The killing of predators must be avoided
and is prohibited for endangered species. Fishmeal and fish oil producers must be
ISEAL members. Plant ingredients of feed must come from sustainable sources and
animal ingredients of feed may not include waste products from illegal fishing.
Greenhouse gas emissions and energy consumption must be monitored, but do not
need to be reduced. The attention of ASC for animal welfare mainly concerns water
quality. ASC also involves rules on working conditions for personnel and about
taking local communities into account.

e EU-organic label.
The EU-organic label is also aimed at minimising the impact on the local ecosystem,
at disease prevention and at minimising the use of medication. There are require-
ments for the use of preventive measures against predators. Plant ingredients of
feed must come from EU organic cultivation. Animal ingredients of feed must either
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come from recognised sustainable fisheries or be residues from organic production.
A reduction in greenhouse gas emissions is not required but can occur through the
condition that residual heat may only come from renewable energy. The EU organic
label includes a range of requirements on animal welfare, related to water quality,
stocking densities, space for species-specific behaviour, transport duration and
slaughter methods. The EU organic label does not involve rules on people and work.
o GGN Certified Farming label.
The GGN Certified Farming label includes requirements for the protection of natural
ecosystems, such as the use of preventive measures against predators. All feed
comes from GLOBALG.A.P or from sources with a comparable quality mark.
There are no requirements regarding the use of residual flows. Energy consumption
is monitored, but there are no requirements to limit the impact on the climate.
With regard to animal welfare, there are requirements regarding water quality and
stocking density. The duration of transport must be justified with requirements for
young fish regarding stocking density and oxygen levels. Fish are anaesthetised
before they are slaughtered. The GGN label also involves rules on working
conditions for personnel and about taking local communities into account.

Good Fish quality classification (all fish: both wild-caught and farmed)

e Good Fish provides sustainability advice both for fish from fisheries and for fish from
aquaculture, including information on fish without a top-quality label. The sustain-
ability scores are available on their website and app; these are presented as a traffic
light system: red indicates significant sustainability issues; orange signifies a
sustainability concern; green denotes sustainable, good fish. Fish with green scores
include fish with the ASC- or MSC-label, but also indicates other sustainable, good
fish (without such labels).'?"

The top-quality labels for fish are used by many supermarkets. Some supermarket
chains only sell fish with a quality label, whereas other chains sell fish with and without
label. The Dutch Monitor on consumer spendings on sustainable food report for 2024
that 62% of the fish which is sold in supermarkets, foodservice and shops for sustain-
able food is from sustainable sources.'*® Unfortunately, most restaurants, specialized
fish shops and fish booths do not use the quality labels or the Good Fish classification.
The Dutch Fish Federation reports on the fish sold in 2024 that 30% was sold in
supermarkets, 19% in fish stalls and booths, 14% in specialist fish shops, 14% in the
catering, and 6% online.'#*

Further gains can be made by standardising quality labels more and expanding them to
include LCA indicators.
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7.6 Summary and conclusion

Much of the fish that is consumed in the Netherlands comes from unsustainable
sources. Consumption of fish from non-sustainable sources has a major impact on
biodiversity loss. This applies to both fishing (wild fish) and aquaculture (farmed fish).
The sustainability of fish from fishery is determined by fishing techniques and fishing
locations. The environmental impact involves overfishing, discarding by-catch and
damaging of the ecosystem; bottom trawling has by far the greatest impact.

The sustainability of farmed fish is determined by the type of aquaculture system.

The main issues are pollution of surface water (with faeces, pathogens, veterinary
medicines and antibiotics), large-scale degradation or even loss of ecosystems,
weakening of wild fish populations through interbreeding with escaped farmed fish, and
the environmental impact of the production of the fish feed (such as wild fish and soya).

At the current consumption level of — on average — 100 grams of fish per week (which
is also the consumption level recommended in the Dutch fish guideline) and given the
variety of species as consumed in the Netherlands, fish consumption contributes 6.4%
to the impact of the total food consumption on freshwater eutrophication, and less than
2.5% to the impact of the total food consumption on greenhouse gas emissions, water
use, land use, terrestrial acidification and marine eutrophication. Between fish species
the variation of these environmental aspects is remarkably large compared to the
variation within other food groups that are evaluated.

The nature of the environmental impact of fish is both very diverse and highly variable
within the product group of fish. Therefore, consumers need a high-quality aid to be
able to choose for sustainable fish: a top-quality ecolabel (MSC for wild fish; ASC,
GGN or organic for farmed fish) or the Good Fish sustainability score. Unfortunately,
such high-quality aid for consumers is not available in most restaurants, catering and
specialized fish shops.

Summary table on the environmental impact of fish versus other animal-based protein-rich foods

Environmental aspect Wild catch fish versus other Farmed fish versus other
animal-based protein-rich foods animal-based protein-rich foods

Greenhouse gas emissions Medium or low impact Medium to high impact

Land and water use Low impact or not applicable Medium to high impact

Terrestrial acidification Low to high impact Low to high impact

Freshwater eutrophication Low to high impact Medium to very high impact

Marine eutrophication Low impact Low to very high impact

Biodiversity loss Potentially high Large variation

Losses and waste No specific information No specific information

Page 49 of 80



8 Nuts and seeds

8.1 Definition

This chapter describes the environmental impact of nuts, including groundnuts (pea-
nuts), that botanically belong to the legumes, and oilseeds which are consumed as
such (the LCA-database comprises these three items: sunflower seed, sesame seed
and linseed).

8.2 Greenhouse gas, water use, land use, acidification and eutrophication

8.2.1 Contribution to the environmental burden of the observed total Dutch diet
The observed consumption level of nuts and seeds is on average 14 grams per person
per day in the Netherlands (age range 1-79 years). The contribution of the consumption
of nuts and seeds to the environmental impact of the total food consumption in the
Netherlands was estimated to be 7.6% for water use, 3.4% for land use, and between
1.2% and 1.9% for the other environmental aspects (Table 9).> The FAOSTAT
database provides production data at the global level.’® The production in the
Netherlands is very low; nuts are mainly imported.'°

Table 9: Estimated environmental impact of the average consumption of nuts and seeds of Dutch men and
women in the age range 1-79 years per person per day as reported by RIVM in 202453

Environmental aspect Impact of nuts and seeds Contribution to total dietary
consumption impact
Greenhouse gas emissions 0.05 kg CO2-equivalents 1.3%
Water use 10.1L 7.6%
Land use 0.11 m2 x year 3.4%
Terrestrial acidification 0.15 g SO2-equivalents 1.2%
Freshwater eutrophication 0.03 g P-equivalents 1.9%
Marine eutrophication 0.05 g N-equivalents 1.3%

8.2.2 Comparison based on equal amounts of foods

The Dutch lifecycle database provides estimates for the observed situation in the
Netherlands and comprises 5 types of unsalted tree nuts: pistachio nuts, walnuts,
cashew nuts, blanched almonds, hazelnuts. The database also comprises unsalted
peanuts, mixed nuts and 3 types of seeds (sunflower seeds, linseed and sesame
seed).®

Water use is very high for all tree nuts (the highest values are for pistachios, almonds
and walnuts), whereas water use for peanuts and seeds is much lower (Annex A).
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All items score relatively low on greenhouse gas emissions, with little variation between
the species. Values for land use are relatively high for nuts and seeds in comparison to
other plant-based food, and the range of values for land use is large. With regard to
freshwater eutrophication, marine eutrophication, and — to a lesser extent — terrestrial
acidification, some nuts score unfavourably compared to other sources of plant-based
protein, while peanuts and seeds do not.

Harwatt et al. note that the environmental impacts of tree nuts and groundnuts tend to
be largely concentrated during the production stages of the life cycle, particularly in
terms of eutrophication for which crop production accounts for around 80% of
impacts.®®

From the publication of Harwatt et al., the committee concludes that converting land for
tree nut production results in a net absorption of greenhouse gases, whereas conver-
ting land for peanut production results in a net emission. However, this is not consistent
with the lifecycle data from the RIVM, which show the same range of greenhouse gas
emissions for peanuts and nuts (see Annex A).*°

8.3 Biodiversity

Trees are important for carbon storage and the micro-climate and may help to maintain
and increase biodiversity. However, tree nut production may be associated with
unfavourable land use change, nutrient pollution of surrounding ecosystems, mono-
cultures, use of crop protection products, resulting in biodiversity loss. Also, the very
high water use of tree nuts is an important issue to consider. For a beneficial effect on
biodiversity, tree nuts should not be grown in large monocultures, should be grown in
regions where water is abundant, and the use of crop protection products should be
limited. Groundnuts are a leguminous crop that fix atmospheric nitrogen during
growth.%®

8.4 Losses and waste
Specific data for waste of nuts and peanuts are not available.'?®

8.5 Summary and conclusions

Nut production has low greenhouse gas emissions and causes little or moderate
eutrophication and acidification. The impact on land use varies substantially between
types of nuts. However, tree nuts consume a great deal of water compared to peanuts
and other protein-rich product groups. Trees are valuable because they store a lot of
greenhouse gas, but they evaporate relatively large amounts of water. It is therefore
better not to eat tree nuts from areas with water scarcity.
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Summary table on the environmental impact of nuts and seeds versus other protein-rich foods

Environmental aspect

Tree nuts

Peanuts

Seeds

Greenhouse gas
emissions

Water use

Land use

Terrestrial acidification
Freshwater eutrophication
Marine eutrophication
Biodiversity loss

Low impact or even
beneficial

Very high impact
Medium to high impact
Low to medium impact
Medium to high impact
Medium impact

Risk and benefits vary

Low impact

Medium impact
Medium impact

Low impact

Low impact

Low impact

Risk and benefits vary

Low impact

Low to medium impact
Medium to high impact
Low impact
Low impact
Low impact
Risk and benefits vary
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9 Legumes (pulses)

9.1 Definition

In this background document, the term legumes is used to refer to lentils, peas, and
beans including soybeans and soybean products. With the term legumes, the
committee does not refer to peanuts, which are part of the product group of nuts, nor to
legumes such as fresh peas, snow peas, broad beans and green beans, which are part
of the product group of fresh vegetables.'®

9.2 Greenhouse gas, water use, land use, acidification and eutrophication

9.2.1 Contribution to the environmental burden of the observed total Dutch diet
The observed consumption level of legumes is on average 7 grams per person per day
in the Netherlands (age range 1-79 years). The contribution of the consumption of
legumes to the environmental impact of the total food consumption in the Netherlands
is low (£0.6%) for all six environmental aspects (Table 10).53

Table 10 Estimated environmental impact of the average consumption of legumes of Dutch men and
women in the age range 1-79 years per person per day as reported by RIVM in 202453

Environmental aspect Impact of legumes consumption Contribution to total dietary impact
Greenhouse gas emissions 0.01 kg CO2-equivalents 0.3%
Water use 0.26 L 0.3%
Land use 0.02 m? x year 0.6%
Terrestrial acidification 0.04 g SO2-equivalents 0.3%
Freshwater eutrophication  0.01 g P-equivalents 0.5%
Marine eutrophication 0.1 g N-equivalents 0.2%

9.2.2 Comparison based on equal amounts of foods

The lifecycle database by RIVM provides estimates for the observed situation in the
Netherlands. The items on legumes in this database comprise brown beans, chick-
peas, lentils, marrow fat peas (kapucijners) and tofu (tahoe). Note that tofu is a soy
product, but there is no item on entire soybeans in the database.*®> Annex A presents
the values for the group brown beans, chickpeas, lentils and marrow fat peas
(kapucijners) (legumes as such) and the value for tofu (a processed legume).

Compared with other dietary protein-rich foods, legumes have values at the very lower
end for all six environmental aspects in the database: greenhouse gas emissions,
water use, land use and equivalents of sulphur dioxide, phosphorus and nitrogen.

The ranges of the values are small and the values for tofu lie (almost) within the range
of values for the items on legumes as such (Annex A).
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The majority (~80%) of the environmental impacts of legumes occurs during the
production stage. Transportation, losses and wastes are included in the estimates of
the LCA database and therefore do not need to be considered separately.
Nevertheless, the committee likes to add that transportation of dried legumes requires
relatively little energy, because drying reduces the weight, and that these foods do not
need to be refrigerated.®

9.3 Biodiversity

Legume plants fix nitrogen in the soil and therefore do not require nitrogen fertilizers.

In addition, other crops grown on a field that was previously used for legume produc-
tion, require less nitrogen fertilizers. Crop rotation also helps to reduce problems
caused by weeds and pathogens, and thus reduces the requirement for crop protection
products.®>'4” Legumes can help reduce eutrophication and terrestrial acidification of
soil and water: values per 100 grams are low compared to all other protein-rich foods
(see section 9.2). These aspects are favourable for biodiversity.

Only 7% of the global soy production is consumed by humans as soybeans or soybean
products.®® Soybeans for human consumption are mainly grown in areas with little
deforestation (Europe, China, Canada).'® Specific producers of soybean-based meat
and dairy alternatives report that their soybeans are mainly produced in Europe1%2 or
in Canada,'%2"%3 or that the vast majority of their soybeans come from areas with little
deforestation, such as China and the United States,'® or that their aim is to source
50% from Europe with the intention to use only European soybeans in the future.'®®

9.4 Losses and waste

Specific data for waste of legumes are not available.'?® However, most legumes are
sold either in dried form or in boiled form. The latter are mostly packed in cans or glass
jars, but some are packed in (plastic) pouches. These products have a long shelf life,
which contributes to waste reduction and enables availability throughout the year.
Note that soybeans are also sold as fresh young green soybeans (edamame), cooled
and frozen; the shelf life of cooled edamame beans is limited.

9.5 Summary and conclusions

Of all the product groups evaluated in this advisory report, legumes have the lowest
environmental impact across the environmental aspects evaluated: greenhouse gas
emissions, water and land use, terrestrial acidification, and eutrophication. Legumes
can convert nitrogen from the air into protein. As a result, the need for fertilizers is
relatively low for legumes. This also applies to the next crop grown of the same field
after the legumes. Consumption of legumes is also favourable in relation to biodiversity
effects. Furthermore, the shelf life of legumes is long, the losses and waste and the low
use of plastics for packaging is relatively low in this product group. The favourable
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picture regarding the environmental impact of legumes applies to all types of legumes.
Although soy cultivation for animal feed has a substantial impact on biodiversity, this is
not or hardly the case for the cultivation of soy products for human consumption in the
Netherlands: a very large part of this soy comes from countries that are not associated
with deforestation for soy cultivation.

Summary table on the environmental impact of legumes versus other protein-rich foods

Environmental aspect Conclusion based on the consumption of legumes
versus other protein-rich foods

Greenhouse gas emissions Low impact
Land and water use Low impact
Eutrophication and terrestrial acidification  Low impact

Biodiversity loss Low impact
Losses and waste Low impact
Antibiotics and hormones Not applicable
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10 Meat alternatives and dairy alternatives

10.1 Definition

In this chapter, the environmental impact of ready-to-prepare meat alternatives, a

ready-to-eat sandwich meat alternative, and ready-to-eat dairy alternatives are

considered.

o Dairy alternatives are plant-based products.

o Meat alternatives are either or not completely plant-based (vegan). They may
contain not only plant-based protein sources, but also (protein from) eggs and/or
dairy as ingredients. The ready-to-prepare meat alternatives considered in this
chapter consist of a range of ingredients. The term meat alternatives is used to
underline the difference with whole plant foods (legumes, nuts), which can also be
used to replace meat. Tofu is considered in the chapter on legumes, because it
consists almost entirely of soy.

¢ Plant-based fish alternatives and plant-based egg alternatives also exist but are not
considered in this chapter because of lack of relevant information.

Note that hybrid foods also are a way to reduce the intake of meat and dairy.

These foods may either be sold as such (ready-to-prepare hybrid foods) or made at

home by the consumers. For instance: producers or consumers could make a hybrid

food by partly replacing minced meat by (mashed or whole) lentils of beans; consumers
may mix dairy with plant-based dairy alternatives. Hybrid products are not considered
in this chapter because of lack of relevant information.

10.2 Greenhouse gas, water use, land use, acidification and eutrophication
10.2.1Contribution to the environmental burden of the observed total Dutch diet
The observed consumption level of meat alternatives and dairy alternatives is on
average 17 grams per person per day in the Netherlands (age range 1-79 years).
The contribution of the consumption of meat alternatives and dairy alternatives to the
environmental impact of the total food consumption in the Netherlands is low (£0.8%)
for all six environmental aspects (Table 11).%3
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Table 11 Estimated environmental impact of the average consumption of meat alternatives and dairy
alternatives of Dutch men and women in the age range 1-79 years per person per day as reported by
RIVM in 202453

Environmental aspect Impact of meat alternatives and dairy Contribution to total dietary
alternatives consumption impact
Greenhouse gas emissions  0.02 kg CO2-equivalents 0.7%
Water use 0.48 L 0.5%
Land use 0.02 m? x year 0.8%
Terrestrial acidification 0.05 g SO2-equivalents 0.5%
Freshwater eutrophication 0.01 g P-equivalents 0.6%
Marine eutrophication 0.01 g N-equivalents 0.4%

10.2.2Comparison based on equal amounts of foods
Below, the committee compares the values between food groups of environmental
indicators per 100 grams, based on the lifecycle database by RIVM (see Annex A).*°

Meat alternatives versus meat

The lifecycle database by RIVM comprises six items of meat alternatives of which one
is dairy based. Three of the remaining items contain a smaller amount of chicken egg
(protein) or milk. Two items are completely plant based.

Comparing equal amounts, all meat alternatives have lower values than all types of
meat for greenhouse gas emissions, water use, terrestrial acidification and marine
eutrophication. For freshwater eutrophication, the values for meat alternatives are
lower than beef and pork but overlap with chicken. Almost all meat alternatives have a
lower value for water use than meat; but the water use of one vegan meat alternative
overlaps with the ranges of pork and chicken (the value is lower than all beef items).

Meat alternatives versus nuts and seeds

For water use, meat alternatives have lower values than nuts and seeds, except
sunflower seeds. For greenhouse gas emissions, land use, terrestrial acidification,
freshwater and marine eutrophication, the values of meat alternatives overlap with nuts
and seeds.

Meat alternatives versus legumes

For greenhouse gas emissions, meat alternatives have higher values than legumes.
For water use, land use, terrestrial acidification, freshwater and marine eutrophication,
the values of meat alternatives (partly) overlap with legumes.

Soy-based dairy alternatives versus (semi-)fluid dairy

The lifecycle database by RIVM comprises three items of dairy alternatives, which are
all soy drinks.*® In the comparison of equal amounts (Annex A) the soy drinks have a
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considerably lower environmental impact than milk and buttermilk for greenhouse gas
emissions, water use, terrestrial acidification and marine eutrophication. For land use
and freshwater eutrophication, soy drinks overlap with milk and buttermilk.

10.3 Biodiversity
Little is known about the impact of dairy and meat alternatives on biodiversity.
The impact will mainly be based on the impact of the ingredients of the alternatives.

10.4 Losses and waste
Little is known on losses and waste in relation to meat and dairy alternatives.

10.5 Summary and conclusions

The composition of meat substitutes and dairy substitutes varies greatly.

The environmental impact of these products depends, among other things, on the
ingredients used in the product. Data on the environmental impact is only available for
a limited number of meat and dairy substitutes. The available data show a substantially
lower environmental impact values for meat alternatives compared to meat, and for soy
drinks compared to milk.
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A Working group and consulted experts

The following working group prepared this background document:

Working group on chemical food safety and the environmental impact of food

o Prof. lLA. Brouwer, professor of nutrition for healthy living, Vrije Universiteit
Amsterdam, chair of the working group

o Prof. J.M. Geleijnse, professor of nutrition and cardiovascular disease,
Wageningen University & Research,

e Prof. P. van 't Veer, emeritus professor of nutrition, public health and sustainability,
Wageningen University & Research

o Prof. M. Visser, professor of healthy aging, Vrije Universiteit Amsterdam, chair of
the committee on nutrition

e Dr J.J.M. Castenmiller, coordinating/specialistic adviser chemical food safety,
Office for Risk Assessment & Research, Netherlands Food and Consumer Product
Safety Authority, Utrecht, structurally consulted expert

e M. Seves-Santman, sustainable nutrition expert, Netherlands Nutrition Centre, The
Hague, structurally consulted expert

e Dr E.H.M. Temme, global nutrition expert, National Institute for Public Health and
the Environment and Wageningen University & Research, structurally consulted
expert

Scientific secretaries
e Dr J. de Goede, Health Council of the Netherlands, the Hague
e Dr C.J.K. Spaaij, Health Council of the Netherlands, the Hague

Incidentally consulted experts

e Dr S. Biesbroek, PhD, assistant professor of healthy and sustainable nutrition,
Wageningen University & Research

¢ R. Broekema, MSc, expert Life Cycle Assessment and sustainable food chains,
Wageningen Social & Economic Research

e Dr J. Brouwer, expert sustainable consumption, Milieu Centraal

e Dr C. van Dooren, senior advisor sustainable diets, World Wildlife Fund,
Netherlands and Wageningen University & Research

o Prof. J.W. Erisman, chair Scientific Climate Council and professor of environment
and sustainability at Leiden University

o J.M. Groen, MSc, expert sustainable nutrition, Netherlands Nutrition Centre, The
Hague

¢ Dr A. Hollander, expert sustainability, National Institute for Public Health and the
Environment, Bilthoven
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Prof. M. Lamoree, professor of analytical chemistry for environment and health, Vrije
Universiteit Amsterdam

L. van Lieshout, MSc, expert sustainable nutrition, Netherlands Nutrition Centre, The
Hague

Dr M. van Oorschot, expert biodiversity policies, Netherlands Environmental
Assessment Agency, The Hague

F. Praasterink, MSc, professor of applied sciences in future food systems, HAS
University of Applied Sciences, 's-Hertogenbosch

Dr R. Schils, expert land use and food security, Wageningen University & Research
Dr L. Schulte-Uebbing, expert agricultural emissions and nitrogen, Netherlands
Environmental Assessment Agency, The Hague

Dr R.E. Vellinga, expert healthy and sustainable nutrition, National Institute for
Public Health and the Environment, Bilthoven

J.-P. Wagenaar, MSc, expert sustainable livestock farming and agrobiodiversity,
Louis Bolk Institute, Bunnik

Prof. A. van Wezel, professor of environmental quality and health, University Utrecht
H. Westhoek, MSc, expert food and agriculture, Netherlands Environmental
Assessment Agency, The Hague
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B Comparison of equal amounts of foods

The six figures in this annex (Figures B1 to B6) specify the ranges of values per 100
gram of food for six environmental indicators: greenhouse gas emissions, water and
land use, terrestrial acidification, and freshwater and marine eutrophication for the food
groups covered in this background document.

The coloring of the bars in the figures indicates the lowest, the median and the highest
value within the product group. The green part of each bar indicates the estimates for
the item with the lowest value up to the item with the median value. The red part of
each bar indicates the estimates for the item with the median value up to the item with
the highest value. Some of the food groups consist of only one item. These bars are
presented in black and white, because of larger uncertainty.

Between food groups, the amounts consumed as well as the serving sizes can differ
substantially, e.g. one drink may contain 200 grams whereas a small hand of nuts may
contain 15 grams. The main text of this background document provides information on
the contribution of the average consumption levels of the foods to the impact of the
average diet in the Netherlands. The committee used the figures in this annex for
comparisons between foods that are often consumed in similar daily amounts or in
similar serving sizes, e.g. the comparison of meat with fish, the comparison between
different groups of fish species, the comparison between sandwich meat and cheese,
the comparison between drinks.

The figures represent the data in the lifecycle database of RIVM (version September
2024).* Note that the estimates in the lifecycle database reflect the current average
situation in the Netherlands and may require changing, if — over time — changes occur
in the food chain. The figures refer to ‘from cradle to consumption’ data, which are
considered relevant for guidelines on the consumption of foods. This data includes all
phases of the life cycle of products, e.g. production (current production methods),
processing, packaging, transport, sale, storage, preparation, consumption and waste.
Factors such as cutting losses and wastage are also included. For example: data on
coffee and tea refer to the brews and thus include water, the data on cooked spinach
include the shrinks due to preparation, the data on pineapple include cutting losses due
to peeling. Section 2.2 provides more information on these environmental indicators.
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Figure B1 Greenhouse gas emissions per 100 grams of the food (expressed in kilograms of CO2-

equivalents)

Veal [kalfsvlees; 1 item] 1

Beef meat [rundvlees; 7 items] 1

Pork meat [varkensvlees; 6 items] 1

Chicken [kippenvlees; 3 items] 1

Shrimp, mainly from aquaculture [garnaal; 1 item] 1
Tilapia & pangasius & claresse from aquaculture..-
Salmon & trout from aquaculture [kweekzalm &
Tuna canned in oil [tonijn in blik met clie; 1 item] 1
Fish from fishery excl. canned tuna [wilde vis excl‘..-
Mussels [mosselen; 1 item] 1

Insects [insekten; 1 item] 1

Egg from chicken [kippen-ei; 1 item] 1

Beef for sandwich [rund-vieeswaar; 4 items] 1

Pork for sandwich [varkens-vleeswaar; 7 items] 1
Chicken for sandwich [kip-vieeswaar; 1 item] 1
Cheese [kaas; 8 items] 1

Butter & butter product half-fat [boter & halfvol..-
Quark full-fat & half-fat [kwark vol & halfvol; 2 items] 1
Custard & chocolat custard [chocoladevia & vla..-
Yoghurt & yoghurt drink [6 items] 1

Milk & buttermilk [melk & karnemelk; 4 items] 1

Chocolat milk [chocolademelk; 2 items]

animal-based foods

Soy drink [soyadrink; 3 items] 1

Coconut milk [kokosmelk; 1 item] 1

Milk-based meat altern. [vleesalternat. op..-

Vegan meat alternative [vegan vleesalternatief, 4
Vegan sandwich-meat altern. [vegan..-

Treenuts [noten; 6 items] 1

Peanuts & peanut butter [pinda's & pindakaas; 2
Seeds [zaden; 3 items] 1

Hummus natural [hoofdbestanddelen kekers_.-
Tahoe soy curd [tahoe, tofu; 1 item] 1

Pulses (legumes) cooked [bruine bonen, kekers_.-
Bread [brood; 9 items] 1

Bread-variations [krentenbol, croissant, beschuit.._
Pasta white & wholemeal [pasta wit & volkoren; 2
Rice white & wholemeal [rijst wit & zilvervlies; 2

Breakfast grains [cornflakes, muesli, havermout; 3..

Whole grains & flour, raw [hele granen & meel,..

plant-based foods
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Figure B2 Water use per 100 grams of the food (expressed in litres)
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Custard & chocolat custard [chocoladevla & via..
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Figure B3 Land use per 100 grams of the food (expressed in m2 x year)
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Milk & buttermilk [melk & karnemelk; 4 items] |
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Figure B4 Terrestrial acidification per 100 grams of the food (expressed in grams of sulphur dioxide

equivalents)
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Chicken for sandwich [kip-vieeswaar; 1 item]
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Butter & butter product half-fat [boter & halfvol..
Quark full-fat & half-fat [kwark vol & halfval; 2 items]

Custard & chocolat custard [chocoladevia & via..
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Milk & buttermilk [melk & karmemelk; 4 items]
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Peanuts & peanut butter [pinda's & pindakaas; 2 items]

Seeds [zaden; 3 items]

Hummus natural [hoofdbestanddelen kekers,..

Tahoe soy curd [tahoe, tofu; 1 item]

Pulses (legumes) cooked [bruine bonen, kekers,..

Bread [brood; 9 items]

Bread-variations [krentenbol, croissant, beschuit,..
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Breakfast grains [cornflakes, muesli, havermout; 3..
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Figure B5 Freshwater eutrophication per 100 grams of the food (expressed in grams of phosphorus-
equivalents)
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Figure B6 Marine eutrophication per 100 grams of the food (expressed in grams of nitrogen-equivalents)
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