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Ourglobal food system is undenmensepressure: it needs to accommodate the needs for a growing population,
whilst limiting its environmental impact. Currently, the global food system is responsibBl87%of global
greenhouse gas emissior(PCC, 2019)and is a key driver of deforestation, biodiversity loss and land
degradation worldwide. At the same time, unhealthy food consumption pattaragesponsible for a significant
disease burden, associated with noommunicable diseases such as diabetes, ischemic heart disease and
colorectal cance(Afshin et al., 2019)

As shown bynfluential studies like the EATancet repori{Willett et al., 2019)changing our diets towards more

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

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

would look like for the Belgian context. Using Optin®&sdftware, the current Belgian diet was optimized in .
order to meet nutritional guidelines as set by the Belgian government, atichibglobal warmingassociated b
with food productonto 1.5 degrees above pfadustrial levels.

This study contributes to the objective of Eat4Change, a European project aiming at the transition towards more
sustainable consumption and production in Belgium and Europe, with a special focus on tloeksesitor.

More specifically, by 2024 targeted European Youth will:

HaveINB I GSNJ I g NSy Sadaa 2F GKS AYLIOG 2F RASGa 2y
their role as consumers and active citizens

Contribute to SDGs and climate actions by embracing more sustainabledétsluencing peers
Support engagentd with corporaionsandpolicy makers for improved practices and policy
coherence.
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was linked to environmental impact data derived fronf 2 y{ / 2y adzt GF yiaQ wlL+a RI
from Nubel. To guide the optimization procésOptimea) constraints were set on individual nutrients, on food
groups (through food based dietary guidelines), and on greenhouse gas emissiogisa{nt for 2030,ensuring
global warming stays below 1.5 degree@ptimeal uses quadratic programming to find a diet that meets all
constraints, whilst remaining close to the original diet. =

child). Next to climate change, it was atBs@minechow theoptimizeddiet influences other propdies, including
land use, biodiversitgand expenditure.

Dietary composition and carbon footprint

Thisoptimised diet, as depicted in below figunarovides asustainable andhealthy diet for all family members ™S
as it adheres to aBelgiannutritional guidelines set for the individual family membeasd ensures that carbon |
emissions per person do not excetbe 1.5degrees targefor 2030.The carbon footprint of the diet dhe family
of four more than halves; from 16.7 kg £€9)/day to 80 kg CQ-eqg/day.



Climate change impact of current and optimized daily diets -
Family of four
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The dietary changes that have led to this reduced environmental impact and improved health outcomes can be
summarised as follows:

w The optimised diet isharacterised by a higher share of pldrgtsed productsparticularlythose with a
high nutritional quality such adruits, vegetables, legumes, nyfdant-based dairy replacersjlseeds
and grainbased productsin this way the diet adheres to all nittonal and food based dietary
guidelines (such as recommended intake of fruits, vegetables, vitamins and minerals), which were ng
met in the reference diet.

w Animalsourced products decrease considerably, due to their relatively high environmental burden.
Meat can still be consumed in an optimised diet, but in much lower quantities (18% of the original
amount). Dairy products reduce 8% and are largely replaced by pldrased alternatives=Eggs are
the only animakourced food®f which the quantity ineases in the optimised digas they can
deliver important nutrients for a relatively low environmental impact.

w  The quantity of products that contain high level of fats, salt and added sugar (including snacks,
confectionary soft drinksand processed mepreduce significantly. This is also reflectedin
decreasedNOVA score, which is an indication of thegreeof food processingThe share of minimally
processed products increases, linkeda higher consumption of fruit and vegetables. Processed and
highly processed products on the other hafiricludingsoft drinks, processed meat, snacks and
dessert3, have decreased.



Composition of current and optimized daily diets for a family of four
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Environmental impacts

Next to climate change, the food system is a priyndriver of biodiversity loss around the world. In order to |
SAGAYFGS GKS AYLIOG 2F RASGA 2y 0A2RA OGS NHHMsIndiGtord K Si
aggregats several individual environmentalindicators (global warming, wateconsunption, ecotoxicity,
eutrophication, acidification and land uséd provide a rough indication of the impact dreshwater, marine
and terrestrial speciesThesharp decling-44%)in the impactof the optimised diet indicatethat pressures on
ecosystemare significantly lower for diets that are both sustainable and nutritiduss is also reflected by the
lower land use: the land surface necessary to support food production reduces by 37% for the optimized di
thus reducing the pressure on (alreadgdile) natural areaslhis is also attributed to the reduced consumption
of animal productswhich require darge share bland toaccommodate crops necessary to feed the animals

Cost of the diet

Currently, a family of fouin Belgiumspends on average 172 euros on food and drinks for an entire week. T
optimised diet leads to a cost reduction: the average expenditure drops to 158 euros per week. This leaves
room to switch to certifiedethically or sustainably produceatoducts,such as organjdJtz/Rainforest Alliance

or Fairtrade.lt wasevaluated how much of these certified alternatives can be introduced for a selected numt
of products without increasing the total cost of the weekly baslkeir a selected group of productsuits,
vegetables, meat, dairy, coffee, and tea) it would be possible to purchase 30% of certified products, wit
exceeding the original weekly budget.



CONCLUSION

This study demonstrates the double role that diets can play towhath achieving glbal climatetargets and
contributing to better public health. A shift from aniraased products towards pla#itased products has the
potential to keep global warming below 1.5 degrees, limit the expansion of agricultural land, and avert negative
impacts o biodiversity. At the same time, this diet would reverse unhealthy eating patterns by lowering the
consumption of food high on sugar, salt and saturated fats (associated with obesity and a variety- of non
communicable diseases). Instead, the diet meetsatiitional guidelines as set by the Belgian government
ensuring the recommended intake of vitamins, minerals and important food groups, such as fruits, vegetables,
and legumes.

This shift towards more pladtased diets does not entail higher food expéanres for Belgian familie©n the
contrary, the costs of the diet reduces by 9%, and thus leaves room to purchase certified products that stimulate
environmental sustainability, as well as social responsibility, in the production.chain
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The global food system faces tremendous challenges: it needs to accommodate the needs of a growing
population, which reaches over illion by the end of this centur§nited Nations: Department of Social and
Economic Affairs, 2019vhilst also staying within limits of thianetary boundaries. The global food system is
already responsible for an estimated-3¥% of global greenhouse gas emissiiRE€C, 2019yhich is likly to
increase as a result of the growing population and changing diets.

In order to prevent fareaching climate change impacts, the global temperature rise needs to be limited to 1.5
degrees above prindustrial level, as underpinned by the Paris AgreaimWith its significant contribution to
greenhouse gas emissions worldwide, the global food system can play an important role in achieving this target.
At the same time, food production is vulnerable to the effects of climate change, which leads totpdojgeld
reductions of up td.0-15%through rising temperatures, changing precipitation patterns, and a higher frequency

of extreme eventgIPCC, 2019)

Foodproductionis alsothe primary causeof biodiversitylossin the world, andthe biggestdriver of conversion .
of natural ecosystemsnto croplandor pasture.Of the ¢ 2 NXadriQuituralland, 78%is attributed to animal
farming,includinggrazingandsfor animalsaswell asarablelandsusedfor animalfeedproduction(Benton,Bieg,
Harwatt, Pudasaini,& Wellesley,2021) Furthermore, agriculture affects ecosystems through high use of
chemical fertilizers, leading to an accumulation of nutrients in water bodies, also referred to as eutrophication.
The resulting excessive growth of algae can damage aquatic organisms aridreiets water quality. Nearly
all freshwater and coastal marine ecosystems in the world are affected by some degree of eutroplfSatitn
& Schindler2009)

Our food consumption does not only impact the environment, but also our health. Dietary risk factors (over or
under consumption of fruits, vegetables, processed meat and salt), are associated with a high global burden of
non-communicable diseases, suchdigbetes,ischemicheart disease and colorectal cangéifshin et al., 2019) ||

Influential studies pinpoint diets as a major opportunity to reduce both GHG emissions and improve healt ‘
outcomes(IPCC, 2019; Willett et al., 201%he EATancet report has defined a planetary health diet, a diet that l: : "-s;;\
is rich in plat-basedfoods, low on animabased foods, and limits the amount of saturated fats, highly processed

foods and added sugars. By optimizing human health and minimizing climate change impacts, such a diet "
achieve both the SDGs and the Paris Agreement. .

Ourdaily food choices can thus greatly impact both the environment and our health. It is therefore essential t
we know what constitutes a diet that is both sustainable and healthy. WWF Belgium has initiated this stud
translate these global ambition® tthe Belgian context. What changes would the Belgian diet have to underg
to meet both nutritional and environmental targetdhis study contributes to the objective of Eat4Change, a/
European project aiming at the transition towards more sustainable aopsion and production in Belgium and
Europe, with a special focus on the livestock sector.

Blonk Consultants was commissioned to provide an answer to this question, and has used its (Rsofiaalre
to model how the Belgian diet would have to be altefadbrder to limit global warming to 1.5 degrees and to
meet all nutritional guidelines as set by the Belgian health authorities, whilst staying as close as possible t
current diet.

After describing the@bjectivesused data and methodologghapteis 2 and3), this reportgives detailed insights
into how a sustainable and healthy diet looks like for adults, adolescents, and chtdrapter4). Next to
focusing on theimpact on nutrition and climate changeit also considershe impacts onbiodiversity and
affordability.



Global challengesuch agnalnutrition, diet-related diseases, climate change and biodiversity Inssessitate
an integrated approackhat considersboth nutritional and environmental aspects the selection of our diets
The objective of this study is to find a healtapd sustainable diet, which compliesith nutritional and
environmental target@and is acceptable in terms of dietaand pricechanges expected from comsers.

Several influential studies hawenderpinned thesignificantinfluence that diets can have on achieving both
health and environmental targetgIPCC, 2019; Willett et al., 2019YWF Belgium aims to investigatehat
changes the averadggelgiandiet needs to undergdyy 2030 inorder to meet nutritional constraints antb limit
global warming to 1.5 degrees above gnelustrial levels

The dietary shifts are calculated for three different age groups: adi#$o 64 years olgdrdolescent$10 to 17
years old)and children(3 to 9 yeas old) Usingthe insights from these separate diets, a weekly food basket for
a family of four can be composethis weekly food baskeimsto translate theoretical findings to the practical
reality of consumers anchakesthe results more tangible.

Thisstudy presents answers to the following research questions: p

Besides nutritionalproperties and price the Nutriscore (a nutrition label forproducty and NOVAscore
(indicating level of processingf productg arereported for every food productandthe shares of each Nutri
and NOVA group are reported ftbre overalldiet. Next to the carbon footprint, several indicators that represent
the environmental impact of our dietare considered, including land udegshwater eutrophicatiorand the
F33aNBIFGSR aRFYF3IS (2 SO2aeaisSvyaé AYRAOI (2N

What dietary changes are needed for the current Belgian diet to meet nutritional guidelines as well
asgreenhouse gas (GH@)gets?

What is the impact of theurrent andoptimiseddiet onother environmental indicator3

What impact does this dietary shifave onfood expenditure for consume®s

What share ofcertified organic andFairtrade products could be included in the diet without
exceeding the current expenses?




The current Belgian diet @ptimisedfor nutritional and sustainability targets using Optiahe&® 3.0, a software
package developed by Blonk Consultants in cooperation with the Netherlands Nutrition €€Fttis.software
finds solutionghat meet all nutritional and environmental requirements, yatoids largedeviatiors from the
reference diet It does so byninimizing the summation of the quadratic differences in the consumption amounts
(in grams) of each food item.

The starting point of the optimisation is tHgelgianreference diet. Nutritional properties and environmental
properties are kown for each product in the reference diet. The nutritional constraifitased on Belgian
nutritional guidelinesand environmental constraintased on allowable carbon footprint of food consumption
per person per day to stay below idegrees warmingdletermine the guidelines for the optimisation. The next
chapters will elaborat¢he used data and methodology.

3.1 Referencadiet

To increase acceptability of tleptimiseddiet among consumerst is desired that this diet stays as close to the
current dietat possible. The reference diet feach of thethree age grous (adults, adolescentandchildren) is

thus an important starting point for this study. Data is obtained from HESA European Food Consumption
Database, which compiles data from tlaest Belgium national food consumption survey (Belgische nationale
voedselconsumptiepeilingyonducted in 2014De Ridder, Lebacq, Ost, Teppers, & Brocatus, 20he) study
population included Belgian citizens between 3 and 64 years of age. A total of 3461 people was interviewed o
their dailyfood intake for two 24hour recalld.

The basis for the current diet is Belgium dietary survey datawes compiled byhe European Food Safety ‘ 4
Authority (EFSAIn the EFSA European Food Consumption Database. This datasetefetwisonsumed food ,L N
productsin Belgium, usingeven levels of detail, L1 to L7, with L1 being the most aggregated level. The basis fo .

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

Manual adaptationswere required to get to a diet that comprises around 175 producike following
requirementswere set for the individual products and the diet as a whole.

Each individual product should:

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

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

- Represens a significant fraction of the daily intake (in gniNo strict line is defined, exclusion or |
aggregation can be considered when consumed less than 0.1 grams/day.

The defined products as a group should:

- Represent aegular,variedBelgian diet.

- Represent a variety of products in each L1 group.

- Provide sufficient options fdnealthy and sustainabldiets (e.g. planbased alternatives for dairy
and meat products)Supplements are excluded from the study.

- Does not contain less én 150 and nomore than 200 products.

2 A recognized problem withidietary surveys that rely on seiporting, is underreporting of food intak@arbara et al.,
2003). As correction for this phenomenon is challenging, the total energy intake of the baseline diet might not real
lower limit of the nutritional guidelines and might be increased in the optimised diets.


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

To comply with these requirements, the products from levele3e in some casesplit up into the products
defined in group L4 or L5, and in some cases aggregated to the L2 or Lihleasé productdid notmeet these
requirements, the productwasentirely excluded from the diet. Ithat case, all other products belonging to the

same L1 groupvere scaled up to compensafer the excluded quantity.

3.2 Constraints

In order to optimise the diet, targets need to be set that are ablguantify the characteristics of a healthy

and sustainable diet. These constraints or boundaries can have an upper limit (maximum), lower limit
(minimum), or both. The environmental target for example, concerns an upper boundary that represents the
maximum amount of carbon dioxide equivalents associated with the diet. Many of the nutrients on the other
hand, only have a lower boundary. Below it is described based on which criteria these boundaries were

defined.

The nutritional consaints define the maximum or minimum intake of macemd micrenutrients necessary to b

obtain a healthy and nutritionally sound diet. These minimum or maximum quantities are the boundaries that
are used for the optimisation process. If for example, thet @& too low or too high on a certain nutrient, the

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

quantity of that nutrient.

The nutritional recommendations for the Belgigopulation, as defined by the Superior Health Council of
Belgium(Hoge Gezondheidsraad, 2019ere used to constitute upper and lower boundaries for maeo
micronutrients. The following nutrients are takénto consideration:

Tablel: Nutritional properties considered during tbptimisation

Energy (kcal)

Protein (g)

Fat (9)

Saturated fat (g)
Mono-unsaturated fat (g)
Polyunsaturated fat (g)
Omega3-fatty acids (g)
Omegab6-fatty acids (g)
Carbohydrates (g)
Fiber (g)

Cholesterol (mg)
Water (g)

Three separate sets of nutritional constraints were developed: for adults, adolescents and children. When
separate values were given for females and males, an average was taken. The required energy intake de
on how active a person is, and were bdon low to moderate physical activity level (PALILB). The complete

Vitamin A (mg)
Vitamin B1 (mg)
Niacin (mg)
Vitamin B2 (mg)
Vitamin B6 (mg)
Folic acid|{g)
Vitamin B12\{g)
Vitamin C (mg)
Vitamin D (g)
Vitamin E (mg)

list of constraints set cabe found inAnnex A

Calcium (mg)
Sodium (mg)
lodine (1g)

Iron (mg)
Potassium (mg)
Phosphorous (mg)
Zink (mg)

Copper (mg)
Magnesium (mg)
Selenium (mg)

Next to guidelines for individual nutrients, the Belgian Health Council also has recommendations for food groups,

which are called foodhased dietary guidelines (FBDGSs). An example is thekm@ln recommendation to eat’

250 grams of fruit and 300 grams\wgetables a day.




For adults, the FBDGs are completely based on the recommendations from the Belgian Health(Bogecil
Gezondheidsraad, 2019¥hese recommendations however only apply for adults, notafdolescents and
children. For the latter two groups, recommendations are based on an older docyni&ez, 2014 )which ligs

FBDGs for all age groups. Their advice for adolescents and children is mirrored to the FBDGs for adults, to ensure
consistency. For example, VIG@/14) indicates adults should eat 2 pieces of fruit and adolescents 3 pieces. To
obtain the mirrored quatity for adults, the ratio adolescent/adult is applied on the original FBDGs, meaning that
(3/2)*250 = 375 g of fruits should be consumed by adolescents.

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

w Fa fish it is recommended to eata portions a week. A portion size of 140 grams was assumed, in
line with the Livewell publicatio(Macdiarmid efal., 2011; WWF, 2017)

w The recommendation for drinks with added sugar is to consume as little as possible. Based on our
judgement, the boundary has been set to half a glass (125 ml) per day. For children and adolescents,
VIGeZ (2014) recommends to oslynsume soft drinks on special occasions, and hence an arbitrary
boundary has been set on 2 glasses per week for adolescents (71.4 ml/day) and 1 glass per week for
children (35.7 ml/day)

Table2. Food based dietary guidelin@haily quantities) based on ViGeZzZ, 2014.
Adults Adolescents Children Criteria from VIGeZ (2014) on which

quantities for adolescents and children are
based

Food group

min max

Whole grain 125.0 125.0 92.1 Adolescents: same as adults
products (g) Children: 59 slices of bread vs 2 for
adults
Fruit (g) 250.0 375.0 250.0 Adolescents: 3 pieces of fruit vs 2 pieces
adults
Children: same as adults
Vegetables (g) | 300.0 300.0 275.0 Adolescents: same aslults
Children: 25600 g of veg vs 300 for adults
Legumes () 100.0 100.0 87.5 Adolescents: same as adults

Children: 75100g meat/fish/eggs/legumes
vs 100 g for adults

Seeds and nuts | 15.0 15.0 13.1 Not available; same assumptionslagumes

(C)]

Milk and dairy | 250.0 500.0 | 333.3 666.7 @ 250.0 500.0 @ Adolescents: 4 glasses of milk vs 3 for adL

products (g) Children: same as adults

Fish and 20.0 40.0 20.0 40.0 17.5 35.0 Adolescents: same as adults

seafood (g) Children: 75100gmeat/fish/eggs/legumes
vs 100 g for adults

Red meat (g) 42.9 42.9 375 Adolescents: same as adults

Children: 75100g meat/fish/eggs/legumes
vs 100 g for adults

Processed meat 43 43 3.8 Adolescents: same as adults

(9) Children: 75100gmeat/fish/eggs/legumes
vs 100 g for adults

Drinks with 125.0 714 35.7 Based on own assumptions:

added sugar Adults: 1 glass every 2 days

(ml) Adolescents: 2 glasses per week

Children: 1 glass per week

It should be noted that next to dairy products, also dairy replacers (soy milk) have been classified as dai
it comes to the FBDGAs the includedeplaceris fortified with minerals and vitamingt presens a viable(in
terms ofsome relevantutrients such as calciujrand sustainable alternativier dairy products.



For climate change, a constraint has been set that represents the maximum allowable carbon footprint of the
daily food consumption per person to meet the 1.5 degree target as set by the Paris Agreement. This reduction
GFNBSG A& 0l &SR e@assedsiedt studyPICC, QGL8hidhprederBsTdud pathways that can

limit global warming to 1.5 degrees by 2050, and presents associated agricultural emission reductions for
methane, carbon dioxide and nitrous oxide. These emission reductions are applied to the overall emissions of
the agricultural sector in 2010, which is derived from the FAO analysis of agricultural emissiorf2019290
(Tubiello et al., 2014ombined with the sum of emissions related to agremical production, food processing,
distribution and consumption which was derived from Vermeuéarmeulen, Campbell, & Ingram, 201Zhis
amounts to a total of 8.9 Gton G&y emissionsfor the global food system in 2010. Applying the derived
reduction percentages for the greenhouse gases, results in a target of 6.3 Gieq f00the global food system

in 2030. When dividing this by the population forecast of 2QB@ited Nations: Department of Social and
Economic Affairs, 2019nd the total number of days in a year, the maximum daily share of allowable emissions
per person per dayraounts to 2.04 kg CG&qg. In this methodology, each person (regardlegsheir age and
geospatial characteristics) is allocated a fair share of the glododlon budget. The calculated daily, personal
carbon budget for food is thus equal throughout all analysed age grdigis methodology is explained in more
detail in the paper of{Broekema et al., 2020) - .

Minimum and maximum poduct constraints help to ensure that thaptimiseddiet is acceptable to the gemal
consumer.Maximum product constraintensure that theoptimised diet does not contain large amounts of
individual products which are generally not consumed in large quantib@smum product constraintensures
that no individual product is excluddobm the optimiseddiet and thus contributes ta varied dietTheBelgan
Food Consumption survey, retrieved from tBESA Comprehensive European Food Consumption Dat@else
& De Rdder, 2018a, 2018byas used to define these product constraints.

The 99th percentile ofood consumption wasaken as the maximum constrainfThis allows for reasonable *
dietary changes in the light of healthy, sustainable and adoptable dieasminimum consumptiorevelof every :
product is set ta®20% of the current dietln the case of processed medhjs minimum valuecontradictedthe
food based dietary guidelineand wadowered to 10% of the current consumption.

N
4
L

Price )
In case the price of the diet whichdptimisedon both nutrition and environmental properties exceeds the price |
of the baseline dietandit would not interfere with other constraints)an additional constrainivasset on the
price. This constraint sets the maximum price of tdimiseddiet to the price of the baseline diet and is only
appliedin the third scenarioqptimisedon both nutritional and environmental targets).

Water
Due to the negative environmental impact of packaging and the high quality of tap water in Belgi

consumption of unbottled water is preferred over bottled watEor the third scenariagonsumption dbottled
water isthus set to maimum of 300 mlTo prevent a lower total intake of drinking waténg minimum value
for unbottled water is set to the total amount of consumed water in the reference diet minusn80These

constraints will not influencthe total amount of consumed drinking water, but merely shift the intake of bottl
water to unbottled water.



3.3 Food products

Nutritional properties ofall food productsare requiredto compare the reference diets and tloptimiseddiets
to the Belgian nutritional guidelinegHoge Gezondheidsraad, 2018Blutritional properties are obtained from
the Belgium nutritional tableavailable from Nubel (Nutriénten Belgié)iaternubel.be. Althe food products in
the three reference dietsvere matched to (prepared) food products in the nutritional tabla.case specific
nutrients for products are not available in the Nubel, average European nutritional propertiesobtained
from EFSAEFSA, 2018An overview of the nutritional propertiewhich are included is displayed Trablel.
Some nutritional properties are not part of the nutritional guidelites are addedor additional insights.

3.3.2.1 Impact indicators

Environmental properties for the food products in the reference diets are needed to calculate the environmental
impact of the reference diets anagptimiseddiets and to be able to compare the environmental impact of the 2
diets to the environmental targetEnvironmental properties of all food products in the reference diet are ﬁ
determined using the Life Cycle Assessment (LCA) methoda@ogyrding to ISO 14040/ 1404tandards(1SO,
2006a, 2006h)as further explained in Annex Bhis means that the full lifeycle is considered in the calculation

of the environmental impact of the food products: cultivation, processing, transport, assembly, packaging,
distribution, retail,consumptionand waste treatment. The final life cycle stages, from distribution to@Hde,

were modeled according talefaults provided by théroduct Environmental Footprir{European Commision,
2017)methodology.

The two most important environmental impact indicators that were included in this studgliamate change (kg
CQeq) and land use (fh Landuse serves as jroxy for the impact on biodiversitiNext to that, the endpoint ‘
AYRAOFG2N) aRFYIF3S (2 S0O2aeadSvyaé 6aLlSOASa t2addk&SE ND
freshwater, marine ad terrestrial species by aggregating and weighting midpoint indicators including globald
warming, waterconsumption ecotoxicity, eutrophication, acidification and land ualrawback of this indicator :

is, that quite some assumptions are necessary to timms the midpoints to endpoints, making the result not f NG
very accurate and reliable. However, it can provide a general indication of the level of damage to ecosystems.

The ReCiPe impact assessment method (source) has been used to calculate the enviroimpetafor all s
indicators.

.

Optimisationconstraints are only set for climate change, but results will be displayed for all environmental
indicators.

3.3.2.2 Background dtabase
Toquantifythe environmental impact of theoptimised) Belgian diet, LCls frobackground databases are linked
to the food productsAs no dedicated LCA food database is available for BelghenRIiVM database was the
main source of environmental data. Tlssa cradleo-end of life databaseommissioned by th®utchNational

Institute for Public Health and the Environme(RIVM)and developed by Blonk Consultants. The databasg
contains full lifecycle (from cultivation up until consumptio)Cls ofnearly 200food products(De Valk,

results are alsoepresentativefor the Belgium market. ThHRIVM database is therefore the preferred soufoe
environmental properties. In case no representable prodwess found in the RIVM database, tH@ptimeal
databasewas consulted. This latter database is developed by Blonk Consulktantsins full lifecyt S [ /
over 160 products, representable for the average European market.



3.3.2.3  Forecasting of environmental impact

Since we optimise the diets for the year 2030, it is necessary to project the environmental impact of the diets to
2030.This is needed asere are some (ongoing) technological changes that will lead to a higher efficiency of
food production in 2030.

Such changes includamongst other things, improvealltivation techniqguesmore efficient processing and the
use ofcleanerenergy sourcedNext to sustainability, also cost reduction and environmental policies are driving
factors for these change#s a result othesetrends, more food can be produced within the aforementioned
carbon budget. The climate impact trend analysis of the Menu fandroow study(Kramer & Blonk, 2015)
formed the basis for projections of the environmental impact of food pidin 2030.

This section will provide a summary of the implemented projections

1 As a result of improved efficiency at farm level, the impact of crop cultivation on all environmental
indicators is reduced with 5¢Zhang et al., 2015)

1 As aresult of improved animal welfare (and thus longer lifespan, slower growth and more movement)
the feedconversion ratio is expected to increase with 10% for pork and 20% for briesse, 2009)

1 Conservative estimates project a 2% reduction in methane emissions from enteric fermentation in dairy ,
systems and 5% reduction in GHG emissions related to manure management. o

1 Nitrogen efficiency is expected to increase in the coming years. It is expbetieid 2030, a 30% lower
input of NHfertilizers will provide the same (or improved) fertilization. All environmental impact
associated with Mertilizers are thus expected to reduce with 30%.

1 More efficient technologies are expected to reduce the ovezallironmental impact ofransportby
10% and of thermal energy by 5%. These projections are considered in all lifecycle stages.

1 The prognoses of the Carbon intensity reduction of average European electricity production projects
reduction of 70% betwee010 and 2050. Based on this outcome, but slightly more conservative, a
30% reduction on all environmental indicators from 202030 is applied to all electricity used in any
life cycle stagéCapros et al., 2013)

1 Continuous innovations in packaging are expected to reduce overall packaging emissions with 5% ‘
2030. '

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

The Nutriscore, originating from France, ised in Belgium to label the nutibnal content of food products,
enabling consumers to see immediately whether a product is nutritious and stimulating them to make mo
healthy choices. The score ranges from categofiyest, or: most healthyfo E(worst, or: least healthy)and is
calculated based on the quantity of calories, saturated fats, sugars, salt, protein, fibres plulgtss vegetable
and nuts in a product.

For all food products in the reference diet, the Ngdore wascalculated using an excel tool as available on the )

website of the Belgian Federal Public Service on Health, Food Chain Safety and Environfie
(https://www.health.belgium.be/ernutri -scorecalculationtool), using the nutrients derived from NUBEL as
input. The tool also provides a raw score in numbers, which can be converted to one of the categories.

processing. Many highly processed foods (such as soft drinks, processed meats and energy dense foods
sugar, fat and salt) are associated with obesity and variousceommunicable diseasgdMonteiro, Cannon,
Lawrence, Costa Louzada, & Pereira Machado, 208 NOVA classification differentiates between fo
groups: .

- Group 1: unprocessed anmdinimally processed foods, such as fruit, vegetables, eggs, milk, fruit juics' ;
(without added sugar), coffee o
- Group 2: processed culinary ingredients, such as oils, butter, ssajar


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

- Group 3: processed foods, such as canned/bottled vegetables, saltedoamned fish, smoked meats
- Group 4: ultraprocessed foods, such as soft drinks, sweet or salty snacks, chocolate, candies, ice cream,
cookies

For each of the food products in the reference diet, the average supermarket price was obtained. This was
achieved by looking up the price of each product on the websites of three of the biggest retailers in Belgium:
Colruyt group (representing 26.6% ofetlBelgium market)Carrefour (representing 18.7%and Delhaize
(representing 18.6%Bolla & Lappin, 2018For each food item, the priagf non-certified products, as well as

the price ofcertified products are foundfor which organicFairtrade and Utz/ Rainforest Alliancelabels were
considered. In case there is large varietfya product (e.g.many different type of cookies with cheaper
supermarket brands and-Brands), an average was taken of the most representative products.

Ly OFasS GKS &adzZISNXIN] SGa RARYyQlU KIFI@S + OSNIAFASR f£dS
the average ratieertified/non-certified of similar productge.g. if for a certain vegetable no certified alternative ’
was available, the averagatio of all vegetables was taken). ' '2

The prices will aid to understand whether a more nutritious and sustaéndiet exceeds the cost of the current
diet, and what the price would be if (part of) the products would be certified.

3.4 Optimisationprocedure

Optimisatiors are calculatedusing Optimedl3.0, a tool developed by Blor&onsultants in cooperation with the
Dutch Nutrition CentrgBlonk Consultants, 2015The goal of theptimisationis to find a diet as similar as
possible to the reference diet while satisfying the sebpfimisationconstraints.

The optimised diet stays close to the reface dietby minimising the totafleviation which is defined a®llows:
QQL QHO QéE

In this formula,i representseach of thel65food items availablep is theamount {n gram$ of producti in the
current average Dutch diet, anid is theamount {n gramg, of the same productin the optimiseddiet. The
optimaldiet is found by minimizing the deviation functi@rhile adhering toall constraints. Irother words, the
deviation function sms up the square change, in grams, of the consumption of each food item available
optimisationgoal is to minimize the deviatioscore The effect of a quadratic functida that larger deviations
result in a much higher deviation score, st the optimisation tends towards small changes toultiple
products instead ofarge changem a few products.

Diets areoptimisedfor three age groups: adults, adolescents and children. Data templete=ach age group,
containing all envonmental and nutritional informationfor each food product, the baseline diet and al
constraintswere loaded into Optimeal 3.0For each age group, three diet scenani@se calculated:

Scenario 1This is the baseline dietepresenting thecurrent average Belgh diet. The dietis based on the &
Belgian national food consumption survéyo constraints are in place.



Scenario 2This scenario correstfor the nutritional guidelineswhich in many cases do not adhere the

reference diets. Theptimiseddietsare nutritionally sound and healthyrhe environmental impact, costsutri-
score and Novacore ratiosassociated to this diet are calculated

Scenario 3This scenario adithe climate change target for 2030 scenaria2. Additionally this scenaridimits
the costs of theoptimiseddiet to the costs of the reference diets (if this was not yet achieved).optieised
dietisnutritionally sound meetsthe 2030 target aiming to limit global warming to 1.5 degrees Celanddoes
not exceedthe costs of the reference diet. The impact on the other environmental indicatmsts Nutri-score
and Novascoreare the result




In this chapter, the results of theptimisation are presented. For each of the three age groups: adults,
adolescents and children, the dietary composition and carbon footprint are presenteleftinree scenarios.

4.1 Optimised diets for adult18- 64 years)

In this section, the daily diaty compositionfor an average adult (average intake across all activity levels, gender
and ag¢ in the three defined scenarios are presented.

Based on the environmental properties of the food produntthie diet, the carbon footprint of the current diet
is 4.81kg CQeqg/day per individua(Table4). It should be noted that due to underreporting in food consumption
surveys(Barbara, Livingstone, & Black, 20@Bgintake and thus carbon footprint might be higher in reality. The
dietary composition of the current diet is presentedrigurel. This figure shows that meat and meat products, |
milk and dairy products, fruit and fruit products, vegetable and vegetable products and grains antageath

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

Optimisation on nutritional constraints (both nutrient intake and fodwhsed dietary guidelines) leads to
significant changes in the diet: the amount of meat and meat products has nearly halved, whereaskbefnta
fruit and vegetable products nearly doubld€élsh and seafood represent a larger part of the daily die& intake
of legumes, nuts and oilseeds has almost sefodtied in the nutritionallyoptimiseddiet. The carbon footprint
of the nutritionallyoptimiseddiet is 430kg CQeg/day per individua{Table4), and thusslightly lower compared
to the current diet.

In the third scenario, the additional constraint oarbon footprint of 2.04 kg C@qg/day per individual is
implemented. This diet shows an even further decrease in meat consumption, tiés20% of the amount in *’
the current diet (scenario 1plsoWa y | 01 &4 YR O2y FSOGA 2y FWR QEF AR | N ea S\Il
decrease compared to the previous two scenaridsvast decrease in the intake of milk and dairy prodists |
compensated byn increase inthe intake ofplant-baseddairy replacers and egg products. The intake of fruit |
andvegetable (products) and legumes, nuts and oilseeds are comparable in scenario 2 and 3. i

Table3 shows that the reduction in meat and meat products irthbecenario 2 and 3 are not equal among all
types of meat. In the nutritionally optimised diet, a slight increase in poultry consumption is observed, where
pork and beef and veal meat are strongly reduced. The daily intake of processed meat and lamkhartower
limit provided in the optimisation. The reason for this lies in the composition of beef, lamb and pork, which alf
contain considerable amounts of saturated fatty acids. In the third scenario, meat consumption of all types has ' ;
reached the lowetimit of optimisation (80% reduction for most meat products, 90% reduction for processe@ .’s“.

factors. First, the feed conversion ratio (the quantityfedd needed to produce 1 kg of meat) is highest for beef
followed by pork, broilers, laying hens and dairy cqiay, Mailloux, Love, Milli, & Cao, 2018he composition
of the diet, however, varies for different types of animals: where poultry and pigs rely mostiynported)

compoundfeed, cattle consume a large share of locally produced g@esondly animal husbandry systems f=

through enteric fermentation dading to methane emissions, a harmful greenhouse gas).
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Figurel. Simplified graph of composition of current aogtimiseddaily diets for Adults, excluding beverageswever,
including milk and dairy replacers).

The total amout of fruits and vegetables in the optimised diet vastly increased. The specific types of vegetable
that represent a much larger part in treptimizeddiet aregenerallyvegetableghat can becultivatedlocallyin

the full ground such as parsnipsnions, beetroots spinach, carrots and leeks. An increase in consumption is
seen for many different fruit products, namely apples, pears, stone fruits, kiwi and oranges. In general, fruits an
vegetables that are cultivated in greents®s or imported via air transport will decrease in the optimised diet.

Interestingly, the decrease in meat consumption is not compenshiedn increase in consumption of meat
replacers in theptimisedscenariosimplementing thefood based dietary guidiglesleads toa steep rise in the
consumption of vegetables and legum&sis means that thautrientsthat can be provided by meat replace
(such as proteinfibres, calciumand B-vitamins) are already provided by legumes and vegetables

It should be nted, however,that replacing meat produstwith vegan or vegetariamlternatives can have
significant nutritional and environmental benefits, especially for products that require little processing, such
tofu, tempeh and seitanSincein most casesutrients are added taneat replacerghat are normally onlyor
more abundantlypresent in animabased productssuch asitamin B12and iron meat replacers can provide
vital nutrientswhich are especially crucir diets which are low on animélased products.Furthermore, meat
replacerscontainconsideraby less saturated fatsompared tomost meat product@and can therefore not only .
be regarded as a good alternative in terms of environmental benefits, but also health beNkfas replacers
can bean effective way tatimulate thetransitionto more plantbased diets as their similarity to meat products
assuresan easyptakefor people that are accustomed todiet heavy on meat

The consumption okgg and egg products increases significantly, especially in the third scewndiich is
attributed to acomparative high nutrient content provided for a low environmental impdietthe optimised
diets, eggs ar¢he main contributors to the intake o¥itamin Dand Vitamin B12 (alorgjde fish seafood and
dairy replacers)ielevant providers of protein anibdine, but also a large source of cholesterol.

Thenutrients provided by some (pladtased and blended) fats and oils explain the increase of thigoaten
scenario 3Fats and oilsare importantcontribution toOmega 6 fatty acids and vitamirirBhe optimiseddiets.

(scenario 3)A change in the type of fish consumed can be observed,amithcrease in the consumption of fat



fish like salmon, which is a good sourceitdmin B12 and a decrease in the consumptioncofd and other fish

The FBDGas defined byhe Belgian Health Council recommend to consypreferably fatty)fish once a week,
but to limit fish consumptionto two portions a week due to environmental concerns and the presence of
contaminantsin fish §uch asheavy metad, dioxinsand PCBs)

When it comes to beveragespth optimiseddiets show asimilarintake of drinking waterwith a shift from
bottled water to unbottled water (partly linked to the constraints as explained in secsi@ A higher
consumption of unbottled watecan have nutritional and environmental benefits, especially wherplaces
other drinks (with addedsugar) The total intake of watein the entire dietreducesonly slightly in the third
scenario compared to the current didtowever, the sources of water shifruit, vegetables and dairy replacers
become important water sources in thaptimiseddiet. This increase is compensated by a redusdedke of
alcoholic beveragegyices,coffee and teaThe vast reductiom soft drinks is related to the constraints from the
food based dietary guidelines.

Table3. Detailed compositionf the current andptimiseddaily diets for Adults.

-
-

Beef and veal (g) 41.72 27.38 8.34
Lamb (g) 4.55 0.91 0.91
Meat replacers (g) 1.72 1.27 0.34
Pork (g) 37.67 14.56 7.53
Poultry (g) 37.77 40.37 7.55
Processed meat (g) 33.36 4.29 3.34
Fish and seafood (g) 27.89 40.00 20.00
Cheese (g) 31.95 33.72 6.39
Dairy (9) 133.96 173.48 85.20
Dairy replacers (g) 14.27 21.65 146.19
Eggs and eggroducts (g) 10.19 38.65 43.53
Snacks, desserts, and other foods (g) 56.74 57.91 21.09
Sugar and confectionery (g) 36.21 29.24 7.24
Fats and oils (g) 20.71 8.93 27.72
Alcoholic beverages (g) 163.79 164.63 58.05
Beverages with added sugar (g) 248.10 125.00 125.00
Coffee (g) 277.11 277.16 255.69
Drinking water (g) 923.35 923.34 923.00
Fruit and vegetable juices (g) 60.08 62.92 16.84
Tea (g) 85.69 85.87 58.00
Grains and graibased products (g) 161.01 176.89 214.47
Fruit and fruitproducts (g) 124.18 250.00 250.00
Herbs, spices and condiments (g) 27.28 24.64 16.72
Legumes (g) 12.96 100.00 100.00
Nuts and oilseeds (g) 3.64 15.04 15.03
Starchy roots and tubers (g) 84.00 85.96 25.67
Vegetables and vegetable products (g) 176.88 307.93 301.73

The steep reduction in climate change impact for the optimised diet (scenario 3) can be attributed to the Ig
consumption of animabased productslieef, lamb, cheesandprocessed meat Also in scenario 2, ihich the
diet is only optimised for nuttional properties, the carbon footprintdecreases because of lower mea
consumption, however to a lesser exterts dairy consumption increaséihe nutrients provided by dairy in 8

scenario 2 are provided by dairgplacers in eenario 3 this leads to a lower carbon footprint.

The land use indicator, which represents tlaad area necessary to produce food produdtsnearlyhalvedin |
scenario 3 This is also attributed to the reduced consumption of animal proglspecificlly beef, poultry,



processed meat and porkyhich require a disproportionate amount of land to grow the crops necessary to feed
the animals.The transition toa larger share oplant-based foods in scenario 2 and 3 leads to lower land use,
though there is big variation in the type of cropsits andoil seedsfor example hawe relatively lower yields per
hectare (and therefore higher land use impact) compared to other cropptitaoes.

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

used for food production, th less land is available for naal areas thatanharbour biodiversity This impact is
especiallyseverein areas where crop cultivation or animal husbanidrg driver ofdeforestation/conversion of
biodiversityrich areas like tropical rainforests.his impact islsocaptured in the land use change indicator, that
representscarbon dioxide emissions as a result of the conversion of natural areas to crapldrelast twenty

years. This indicator has bearodelled for the three scenarios, thougtstiould be noted that this indicator has

limited applicability for theliets modelled in this study (reference year 2033 it only considers land use change

in the past20 years and canftredict how land use change will develop in the years to c(irie therefore not

included in calculating the environmental impact of the dieB)r this reasontishould only be regarded as a
roughindication of the rislof land use changd-or the opimised diet (senario 3) there is a clear reduction in

land use changesoybeans from South America are currently associated with high land use change emissions, \
and thus high risk of deforestation, and are an important feed ingredienttry, cows angigs Reducedneat ‘ ";
consumption ighus the main driver for the reduced impact on land use change in scenario 2 and 3. |
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This so-called ¥ndpoint indicatorQcalculates the impact on freshwater, marine and terrestrial species by '
aggregaing and weighing midpoint indicators including global warming, wateonsumption ecotoxicity,
eutrophication, acidification and land usA limitation of this approach is that to convert the midpoints (which
are well-quantified) into endpoints, a lot of assumptiomaust be made, which limit the accuracy and
meaningfulnessof the resulting enepoint indicator. Despite this,the indicator gives an easy to interpret
indication of the impact on biodiversitgnd providesa more complete picture than singfaidpoint indicators
(like eutrophication. Thetable below showsa clear decrease in the damage to ecosystems, headaced
pressure on bioiversity.

The impact of the diet on freshwater eutrophication decreases in both optimized, diatssed by a lower
consumption of meat products and alcoholic beveragesttilizer use for feed production are the main
contributor to the eutrophication impaaf meat production.

g4

Table4. Environmental properties of the current amptimiseddaily diets for adults.

/I EAYFGS OKFy3aS o613 481 4.30 2.04
Damage to eosystens (speciedossyr) 6.55108 5.79:108 3.36:108
Land use (m?*a) 3.29 2.96 1.96
[ FYR dza$§ OKI y3IS 61: 067 0.59 0.38
Freshwater eutrophication (kg P eq) 6.03*104 5.85*104 3.23*104

When it comes to nutrition, the current Belgian dikbes notmeet nutritional requirements as defined lige
Belgian Health Council. Theference diet igoo high on sugr, saltand saturated fatsbut too low on omega 3
and 6 fatty acidsfibre, folic acid, polunsaturated fatsand severaiminerals (calcium, copper, iodine, iron,
magnesium, zinc, potassium) amamins (B1, B6, C, D, Ehe diet also desn't meet most ofthe FBDGs: the
diet containedtoo few fruits (124g as opposed to the recommended 2§00 too few legumes (18 as opposd |
to the recommended 100),too little dairyand dairy product$193g® as opposed t@50 g)too few seeds and

nuts (3.46gas opposed td5g),too much processed meéB3 g per day wherea80g per week is recommended)

3This is -baGgeamomntHas



and red meat (8 gper day, whereas 48 is recommendedOnly thecurrentintake of fish was in line with the
recommended quantity @ grams per day), and the intake of whole grain products was very close (422 g
opposed tol25g).

Both optimised diets (scenario 2 and &anaged tameet both nutritional guidelines and food based dietary
guidelines andccantherefore be regarded as nutritionally sound and healthy diets. This is also reflected in the
overallNutri-scoreof the diet. ThisNutri-scoreis usually calculated fandividualproducts only, but when taking

' 6SAIKGSR F @SNF3IS 2F | f tNuttiBe@dRofieldi@taribg obiaikedl. ItRHoBdbE (1 KS Y
noted that the Nutri-scoreis not intended to be used in that way, and this is just a generdication of the
nutritional status of a diet.
Table5. Over and underconsumption of macrand micronutrients in the current and optimized diet for Adults.
Nutrient Current How the consumption level igltered in the optimised diet(scenario 3)
consump
tion level
Sugar Too high Reduced intake of softrinks 5
Salt Too high Reduced intake of processed meat, snacks and cheese e
Saturated fats Too high Reduced intake of snacks, fats and oils, cheese "
Carbohydrates Too low Increased intake of graibased products .
Calcium Too low Increased intake of vegetables and pluatsed dairy drinks -
Copper Too low Increased intake of graibased products, legumes and dairy replacers
Omega 3 fatty acids Too low Increased intake of (blended) fats and oils
Omega 6 fatty acids Too low Increased intake of (blended) fats and oils
Fibres Too low Increased intake of graibased products, legumes and vegetables
Folic acid Too low Increased intake of vegetables andigrbased products
lodine Too low Increased intake of eggs and egg products, legumes and herbs and spices
Iron Too low Increased intake of vegetables and grassed products
Magnesium Too low Increased intake of graibased products, vegetables and legumes
Potassium Too low Increased intake of vegetables
Vitamin B1 Too low Increased intake of graibased products
Vitamin B6 Too low Increased intake of graibased products
Vitamin C Toolow Increased intake of fruits
Vitamin D Too low Increased intake of egg and ebjgsed products
Vitamin E Too low Increased intake of (blended) fats and oils
Zink Too low Increased intake of legumes, grdiased products and vegetables

The averagélutri-scoremoves fromB to Ain the diet that is optimised for both nutrition and climateooking
at the individual categoriest becomes apparenthat the quantity ofproducts withNutriscore D and E reduce
significantly mainly attributed to a decrease in snacks, desserts, cheese, soft drinks and alcoholic beverages.
quantity products within Nutriscore A and B on the other hand increasearesult of higher consuption of
fruits, vegetableseggs and pladbased nik replacers.

A steepdecrease in intake of meat and dairy products could resuttefficiencies okpecific nutrients, such as
calcium and vitamin B12, B2 and D. In the third scenario, an increase irbplsed dairyeplacers(in this study
modelled adortified soy milk}and eggscompensate for tk lower intake ofmeat and dairy





























































































