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1. Summary

Objectives

Farming systems are controversial floeir impacson the environmentChanging animal feed systems
is arelevant wayto reduce these impacts becausiee inefficient use of nutrients contributeto
ecological damage. Thiork aimsto uselife Cycle Analysis estimatethe environmental impact of
two feed innovations in pignd poultryfarms: (1)the use ofEuropean potein sourceso replace
Brazilian soyban meal, and (2)recision feeding systesito reduce the impacts associatedth feed
production and nutrient excretioniy theanimal

Methodology

The innovations were applied by simulation to the fattening period of conventional pig production and
poultry production The environmental impacts were assessed by Life Cycle Assessment (L@#®) with
Simaro softwarefor one kilogram of animal product #te farm gate. Five impacts were considered:
non-renewable energyconsumption climate change, acidification, eutrophication, and land
occupation

Innovative feedstuffs

Four innovative feedstufferiere selected from the results of WP4 fine fraction of rapeseed meal
obtained after sieving of classical rapeseed meal (tiwb) Europeansoybean mealsvith a cookng-
pressingorocess oneof whichinvolveda precedingdehulling of the soybeafiF2), the othewas done
without dehulling (IF3) and Danish protein paste extracted from a hiefining process of green
biomass (IF4)Data concerning the production proces of tlkese ingredients and their nutritional
characteristics were provided by partnersthe Feeda-Gene project (WP1)Data concerning other
classical feedstufisame from the Eed tables of NRAAFZCIRADutritional characteristiceand from
the French databas@GRIBALY ke cycle inventories

For pig production, wo environmental benefg associated withthe innovative feedstuffs are

assessed

- Current benefit:this corresponds to the environmental resultiat are currently attainable. It
compaesthe environmental impactof animakfed with feed including innovative feedstufisne
innovativestrategy for each innovative feedstiiffo that of animak fed with classical feedstuffs
(baseline) The rate of incorporation of Brazilian soybean nipdhe feeds of the baseline depends
on the economic context and the relative prices of protein sources. To define the incorporation rate
of the innovatie feedstuffs in feeds, the lowestricesduring the last ten yeardor a reference
feedstuff wereappled. The simulatioswere applied tdour economically contrastingears of the
last ten years for four European countries (France, Germany, $paithe Netherlands.

- Potential benefit:this is the differencein environmental impacts betweemnovative feeding
strategies,with a maximumincorporation of innovative feedstuffand baseline strategies with
maximum incorporation of Brazilian soybean meallo maximize the incorporation rate of
innovative feedstuffs and Brazilian soybean meahimfeeds pih OS& 2F ne doBNBE 02y
these feedstuffs The pricef the other ingredientsare based orthe four previous economic
contextsin France.

For poultry production, only the potential benefit was assessiw: baseline (or "control”) feeds

alreadyhavea relatively higlproportion of Brazilian soybean meal, meaning that the incorporation of
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innovative feedstuffs could already potentially replace the Brazilian soybean meal. Moreover, to
maximize the incorporation rate of innovative feedstuffs, aprice @ ¢ & dza SR®

Precision feeding

For pig production,wo innovativeprecisionfeeding strategiesvere assesserdfor ad libitumfeeding

andfor restricted feeding These strategies were applied to the fattening period and adjdstailyto

supply nutrientgo pigs according to theindividualnutrient requirements The first strategy gives the
opportunity to let the pigs express their potential and to obtain data concerning bediaviair. The
restricted feeding strategyrepresents the classical conditiasf pig productionin Franceduring
fatteningperiod. The restriction is used to control the growth of the pigs and theidégosition The
environmental benefit of the innovative feeding strategies was assesssag two different
approaches

- Experimentaapproach Smulations consideed data obtainedrom experimentsgperformedby the
Feeda-Genepartners (WP4)ncludingfeed formula,feed intake, animal performance and direct
energy consumptionTheLCA is performedsingthese data by comparinthe predsion feeding
strategies tothe baseline (biphase feeding strategies witiets with alow protein content). The
environmental benefit obtained represents what coulddghievedcurrentlyin commercial farms
by applyinga precision feeding strategy.

- Modelled approach Forboth the ad libitumand restrictedstrategies four steps of improvement
were simulatedusingMOGADOR (Cadero et &018) biphase feeding, biphase feedinginglow-
protein diets, multiphase feeding in grogpand individual multiphasdeeding. In this approach
precision feeding is modelled dsthe individual animal profiles were knowmeforehand The
environmental benefi obtained are the maximurfuture benefits

For broiler production, one precision feeding strategy was assessex.cdititrol system used a

maximum offour feeds in a multiphase feeding strategy, although the fourth feed was not actually

used in our simulation as broilers weassumedo be slaughtered at day 32. The precision feeding
system used the same feed as thenttol system during the first ten days (starter feed), then a mix of
two pre-feedswas usedhat dependedon the age of the animalisinga total of four prefeedsduring

the batch. In our simulation, only three pfeeds were actually used given the slatey age of the

broilers. Trial results were used to determine animal performance and they were considered equal for

the control system and the precision feeding system. Results of the LCAs show the potential difference
between a multiphase feeding stratggand aprecision feeding strategy. These resudtsould be
consideredwith caution as animal performance in our modétdetter than in commercial farmas

they werebased on trial resultebtained in experimental facilities

Results

Innovative feedstiis

Per ton of ingredient, the innovative feedstuffs have an interestimgact on reducinglimate change
comparedwith Brazilian soybean meal (>50%). This is also the case for energy consumpigtnis
higher for Brazilian soybeamecause of transporto Europe.The impacton acidification and land
occupation could be higher for the innovative feedstuffs compared to Brazitigibean meabecause
soybean is a legume and domet need fertilisation andthere are two harvests per year in Brazil
comparedto onlyone in Europe.

For pig productionthe relevance of replacingrazilian soybean mehy innovative feedstuffss rather
limited becausdlittle Brazilian soybean med& currently usedin pigfeeds (less than 5%n finishing
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diets). This is due tohe relative prices of the different protein sourgeshich make rapeseed and
sunflower mead more competitivethan soybean mealn a virtual context in which Brazilian soybean
meal would become the main protein sourdee(, incorporation of 13% in thdinishingdiet), the
innovative feedstuffresults in a reduction irtlimate changempacts (by 89% for the European
soybean meal anty 3-4% for the protein paste and the fine fraction of rapeseed mealjndisated
before, other impacts such asacidification and land occupatigincreased.

For broiler production, innovative feedsfafwere studied at their maximuincorporation rate (zero
price for innovative feedstuffsand could replace Brazilian soybean meal in broiler and laying hen
feeds. For brodr feeds, the use of European soybean meal lead to a reduction inthe use of
phosphorusand nonrenewable energy, climate changmpacts and acidification, butit would
increase eutrophication and land occupation. The uséheffine fraction of rapesed meal sligtly
increases acidification andnd occupatiorand slightly decreases all the other impacts. The use of
protein paste increases almost all impacts, although only slightly for phosplonsimptionand
climate change, and decreases a@mewable energy usel hesdastresults reflect the use foybean

oil, which is incorporated in the feeds usipgotein paste,and of Brazilian soybean meathich will

still be incorporated despite the use of protein paste.

For laying hen feeds, the concloiss are similar. The use of European soybean npealkg offeed,
decreases all ipacts excepfor eutrophication (no significant chanpand land occupation (+27%).
The use of protein paste increases acidification, eutrophicaaod land occupatioridepending on

the economiccontext). The use of the fine fraction of rapeseed meal decreases all impacts except
acidification, in relatively limited proportions.

Precision feeding

For pig production, the environmentddenefits of precision feedingmainly refect reductions in
acidification and eutrophicatiotrecause of theassociatedreduction innitrogen excretion. In the
experimental approachthe nitrogen excretiorwas reducedby 8% and10% for the ad libitumand
restricted strategiesespectivelycomparedto biphase feeding witla low protein contentdiet. The
resulting reductios in acidification for one kilogranof pig atthe farm gatewere 5.5% and4.3%,
respectivelyfor the two strategiesFor the restricted strategythe environmentalmpactof precison
feedingwasmoderated by a slight increase the feed conversion ratidetween the biphase feeding
and precision feeding strategie$hisshows the importanceof maintaining animal performance to
preserve the environmental benediof precision feedig. In the modellingapproach the potential
environmental benefit appearhigher, with a 12%reductionin acidification compared to a biphase
feeding strategy with lowprotein diets. This is linked tthe assumption that we will be abl@én the
future) to estimate thenutrient requirements ofindividual animag in real time using appropriate
genetic and individualata

For broiler production, using a precision feeding strataligws to reduceall impacts, although only
to a limited extent Land occupatio is reducedby 0.4% between the multiphase control and the
precision feeding system. Other impacts are reduced by 4 to 5%, except for phospbosusnption
which is reduced by.B%. These results are linked to the composition of thefpeels, the amoutof
pre-feedsused and theability to match diet composition witthe requirementof the animals.
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Conclusion

The ewironmental benefitsof the innovative feedstuffeiepend on the economic context and the
incorporation rate ofBraziliansoybean mealln the current context, liere islittle incentiveto use
Brazilian soybean mefar pig productionConsidering moredfavourableg virtual contextfor Brazilian
soybean meala reductionin climate changeimpactscan be achievety usingalternative sourcesfo
protein, especially with European soybean mdmlt it will lead to increasedand use resulting ina
trade-off question between the benefits and drawbacksis necessaryo integrate the rebound
effects in a larger perimeter of analysas shown byan Zanten et al. (20173till, the use oinnovative
feedstuffsis integratedinto the development plans of croproducers and feed manufacturers and
there is an enbition to increase productiofirom 150000 ha of soybeaper year in Franc® 250,000
hain 2030

For pig production, pecision feedingrovides a meanto reduae nitrogen excretionwhich impacts
on acidification and eutrophicatiofhe results of experiments assessed by LCA #atvthe modest
benefits of reduced nitrogen excretiqr5%) ca beoffsetby areduction inanimal performance. With
the moddling approach, more interesting environmental benefits have bestimated (e.g, a
reductionin acidificationof 12%). Individual precision feedirglowsto reduce the protein contentof
feeds andto reduce nitrogen excretion.The environmental benefit measured correspsntb
individual multiphase feedingsingtwo different feeds mixed every dayfurther improvement of
performance could bebtainedin the futureby usngthree different feeds.

For broiler production, precision feedirg@gn al® reduceenvironmentalimpacts, but experimental
results show only a limited potential withost reductions being between 4 and 586th a maximum
reductionof 8.5%.

Teams involved:

1) IFIPg deliverable éader
2) INRA
3) ITAVI

Species and production systems considered:

For pig production:

- Conventional pig production in Europe
- Fournationaleconomic contg&ts for the feedstuff pricedfance, Germany, Netherlandsd Spain
and four contrastingears.

For poutry production:

- (onventional broiler production in France
- Gonventional cagdree egg production in France
- Four economic contexts for feed formulation in France
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2. Introduction

A o sa

The wotdQ& LI LJdz | GA2y A& SEhIS.® LR of pedplgnfidd \N&tiors,S (i 2
Department of Economic and Social Affairs, Population Division, P§12050 compared taurrent

level of7.6 billion. This will result inraimportant increasén food demandwhich will be exacerbated

by increasingincomelevelsand changirg lifestylesin emerging countriesTheFood and Agriculture
Oraanization of the United Nation&AO, 2011) estimatettiat the demand formeatwill increase by

73%by 2050 compared to 201 Imost of which wilpig and poultry meat

Livestock systemface isues concerning productivityub also concerning environmental impacts
(Steinfeld et al., 2006)ndeed, livestock is respdbte for 14.5 %of global greenhousgasemissions
(Gerber and FAO, 2018jhd for a majority ofthe ammonia emissionse(g, 64 %in France, CITEPA,
2015). The FAQindicted that there were still no technically or economically viable alternatives to
intensive production to provide thautritional needsof livestock(FAO, 2011)Therefore, it iscrucial

to find new solutions to improvéhe efficiency and sustainability of livestogfoductionto minimise
environmental impactand to ensurdood security.

Some of theenvironmental impactsof livestock production ardinked to animal feeds

The production of feedstuffss responsible fom large part of the environmental impact of animal
production (expressed per kg of live weighttae farm gate) For example, it contributes 60 to 67%
of climate changémpacts and to68 to 71% othe non-renewable energy consumption (Dourmad et
al., 2a.4; Espagnol et al., 2012).

Livestockis the most important consumer of cereals aedible protein sources(FAO, 2011)This
creates competition between feed and foo@nd contributes tothe depletion of global natural
resources There is lessvorkable laml becauseof increaing urban areasand because ofclimate
change. There is also leasailablewater, which hasa heterogeneous distributigrand less non
renewable energy.

The use of soybean meal iedd hasincreasedconsiderably ovethe past 30 yearsThis is due to its
protein content and its interesting amino acigrofile, which suit the requirementsof monogastric
animals Inthe Netherlands 263 g of soybean isisedto produce 1kg of pig and75gto produce 1kg
of broiler(Hoste and Bolhuis,(2.0).Around75%of global soybean production is ustmifeed animals
(WWF, 2014andthe demandcontinues tancreaseEighty percenbf thisis cultivated irthe America
where 24 million ha of forest (including primarforests) and pasturesvere convered to arableland
between 2@0 and 2010 (WWF, 2014 he reduction of thse ecosytems hasanimpact on climate
change Also,70%of the globakoybearproduction is cultivatedisingGenetically Modified Organissn
(GMOS; apracticebeing questioned bgonsumers.

Another part of the environmental impact depends on the environmental fluxes of animals and their
excretions

Despite a permanent improvemeirtfeed efficiency in monogastramimals a largeproportion of the
nitrogen and phosphoroumtakeis exceted inthe manure. hadequatemanure managemeneads
to acidification, eutrophicatiopand climate change.
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This delierabledeals with the assessment of the environmental impacts of innovatiewglopedin
Feeda-Gene.lIt is complementary tmther appoaches in WP6 concerning acceptability and cost
benefit analysis of the innovations.

3. Presentation of the assessed innovations

Two types of innovatiodevelopedin Feeda-Gene have been selected to assess their environmental
impact.

The first aims to replae imported soybean meal from Brazil with European protein sourcekis is
basedon localy producedrapeseed meal and soybesand included technologicgrocesses to
improve their nutritional quality. These protein sources and technologies aeoenparedto using
Braziliansoybean meal.

The second innovation is precision feeding systembegoalof precision feedings toimprove feed
efficiency bybetter adapting thenutrient supplyto the nutritional requirementsof (individual)
animals It aimsto reduce nitrogen excretion and improve thfeed conversion raticboth ofwhichare
of economic and environmentahportance

These two innovationshave been developed iWP1 and WE, respectively Theywere considered
separatelywithout consideringcombinatians of innovations(Erreur! Source du renvoi introuvablég.

Feedstuffs Feed Feed Feeding Animal Physiologi-
(including formulas sequence program profiles cal stages
treatment) | X X plans X | (precision / | X X
group
feeding ;
ad libitum

[restricted)

OVAT OVAT,
\‘\“\ ’04‘, \‘\Y‘ f04f

o .
L‘Jh' & 'Jflj

WP1 WP4

Figurel: Innovations of Feed-Gene considered in the feeding strategies

3.1 Innovative feedstuffs to replace Brazilian soybean meal
Europe hasn important needor soybearmealto provide animal feed. Ormaillion tons are produced
in Europe while 35 million tons are imported, mainly from South America (WWF, Eitdgnmillion
hectares are required to produce the Europeeonsumption of soybeganwhich represents the
equivalent 0f90% of the total agricultural area of Germany.

Feed-a-Gene —
< 4 Pagel2/65

* %
* 4 %

!

4S |




Feeda-Genec¢ H2020 n°633531

Soybeanand especially soybean meglvaluableprotein source for animal feed. This is duetghigh
protein content (between 46 and 48) and anino acidsbalance which isclose to the ideal protein
profile. Thismakesit difficult to substitute soybeanwith other ingredientsin pig and poultry feeds.
The use of Brazilian soybean is controversial in Europe becaliteenivironmental impac{due to
deforestatior) andthe use of GMQoybears.

As areplacement for Brazilian soybean mealpdr innovative feedstuffslevelopedin Feeda-Gene
were consideredsee deliverables D1.1, D1.2, and D1.3 for details)

- Afine fraction of French rapeseed meditainedthroughphysical treatmen{IF1)

- French soybean meal, obtained from dehulled soybeans andasithnovative extrusion process
(IF2)

- French soybean meal, obtained from ndehulled soybeans and withn innovative extrusion
procesyIF3)

- Danish potein paste extracted from green bioma@dg4)

3.1.1 Fine fraction of rapeseed meal
Locally producedapeseed meal is a protein sourtteat could be used to replace Brazilian soybean
meal (Peyronnet et al., 2014). The production of rapeseed meal increasedrioeFinthe 1990s
because of biofugbroductionusingrapeseed oil. Rapeseed mealstalower protein content (33%)
thansoybean meal and higher fibe content (L3%vs6%for soybean mealExperiments showed that
rapeseed meatould beusedwith peasin feedsfor fattening pigs: pesarerich inlysineand rapeseed
mealis richin suphur amino acids anthe combination of both allowfr a more balanced amino acid
profile (Peyronnet et al., 209)0Quiniou et al(2011) showed that feed based on rapeserdal and
supplemented withvaline could substitutesoybean meal andesulted in aredudion in the nitrogen
content of the feed.Consequetly, urinary nitrogen excretiortould bereduced by 24%.Currently
rapeseed meabk mainly used for cattle feed (71 &6 French consumption vs 24% for pigs, Peyronnet
et al., 2014)The presence of antiutritional factors is also a potential concern of using rapeseed meal
for pigs.

The nnovativetechnologicaprocessdevelopedin Feeda-Gene aimso improve the nutritonalvalue

of rapeseed meallhe process isreadditionalphysical treatment LILX A SR 2y a Ot I aa A Ol f
and consistsof sievingthe meal to obtain dine fraction and a coarsdraction (igure2). The fine

fraction is the innovative feedstuff (IFdvhich hasa higherprotein content andalower fibre content

compared tathe originalrapeseed meal.
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Common crushing process of rapeseedin France | Innovative crushingprocessofrapeseedin
France with sieving

1000 kg : FR rapeseed I 1000 kg : FR rapeseed I

Rapeseed Rapeseed
meal: 558 kg meal: 558 kg

|
Ad

" Fine fraction of
rapeseed
|l meal: 150 kg

Figure2: Innovativetechnologicalprocess of rapeseed medé¢velopedn Feeda-Gene, compad to
commonthe crushing process of rapeseed

3.1.2 European soybean
In Eure, soybearproductionoccursmainly in Italy. It is now developing in France and in dfast
Europe (Peyronnet et al., 2014). Howe\igs availabilityfor animalfeed remains limited(Quinsac et
al., 2012).

Crushingeuropean soybeapresentscertain practicaproblems. Brazilian soybean is crush@sg, in
Brazil or France) usirigexane andhe resultingmeal has a low residual oil contefground 2%). This
treatment is only feasiblat a large scaleEuropearnsoybean meaproduction occurst low volumes
away from existing processing facilities

Crushing process of Brazilian soybean mealin France: Innovative crushing processin France:
With hexane extraction (dehulling) - Flattening/Cooking/Pressing

1000 kg : BR soybean 6 1000 kg : FR soybean I

lSoyhean importation in France

Oil xtraction with hexane
Raw soybean . . Dehulled
INCEIS AT LBl soybean: 910 kg
A A\ =

Heating: recovery of hexane Flattening - Cooking - Pressing Flattening - Cooking - Pressing
Soybean meal: Soybean Soybean ‘
_ T94 kg meal: 794 kg meal: 794 kg |

1

1

IF2 IF3

Figure3: Innovative crushing procef® soybean meah Francecompared tahe crushing process of
imported soylkanmeal

Innovative processes have bedavelopedin Feeda-Gene toallow European soybeato be crushed
in smallplants andthus competewith imported soybean(Figure3). The procesé C f | (-dodkiyigh y 3
LING & aradyicssd 9 E LIS f f (FNand isp&tialfy deoiled Quinsac et al., 2012 ompared to
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Brazilian soybean meal, European soybean ro@atiairs more energ (i.e., more faf) and less protein
The technologicaprocessis also interesting becausedbuld be usd for cropssuchas rapeseed and
sunflower (hexane isspecifially used forsoybearn. Dehulling is a préreatment of soybean(IF2)
before crushing@ndincreasethe protein contentby 3% Carré et al., 2017).

3.1.3 Green protein
Denmark has 7% ofsiagricultural area dedicated to organic productioocpmpared to5% in France
and 3% inthe Netherlands (Le Douarin, 2017jhe cemand for organic products increasng and
organic production in Denmarkas grownto meet this demand Several constraints limit the
development of organic farms, especialtyr pig and poultry farmskor example, soybean meal is a
well-balanced protein source but is difficult touseorganic soybeaulue toits price. Denmarktacks
organic protein sourcefr feed and alsdacks organicfertilisers authorized in organic production.

Danish researchers have devetapa green bierefinery procesgFigure4) that uses green biomass
and produces several coproducts includimgrotein pastethat can be used to feednonogastric
animals(SantamarigFernandez et al., 2016Jhis innovatiorrespondsto a very specific demanith
Denmarkand also deals witEuropeanissuesconcerningthe production of locdy producedprotein
sourcesand theneed to relucecompetition between food and feefk.g., gass is not used in human
nutrition). The green biomagzroductioncontributesto a circular economy because the two other co
productscanbe valorsed in the agricultural sectothe pulp fraction is useésa ruminant feed and
the residual juice is transformedtim anorganic fertilier.

Several biomassourcescanbe used in the bigefinery processuchas grasandlegumes €.g.,clover
and lucerng. The protein pasteobtained in the processontains28%dry matter andthe protein
contentin dry mattervaries from33to 45%,depending on the biomass us@idermansen et al., 2017).
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Residual juice

STEP2:
Precipitation
and

separation
| Electricity : 4 162 kWh |/

Fibre Fraction

| Electricity : 374 625 kWh |\
FRESH GREEN
BIOMASS I

STEP1:
Pressing

WET PROTEIN PASTE

Allocationrule : quantity of protein (t) :

Fibre fraction 50 %
Residual Juice 4,6 %
Wet Protein Paste 45,4 %

Figure4: Transformation process of green biomass to produce protein paste

3.2 Precision feeding strategies
An environmental issue for animal production is to redtleenitrogen excretion of animals because
the main environmentalimpacts are linked to the nitrogen content of the manure. Nitrogen losses
occur during manure managemenmte(, storage in buildigs andexternal storage ung,and spreading)
and contribute to acidification through ammonia losses), eutrophicatiothfough ammonia losses
andnitrate leaching)and climate changdhlrough emission ohitrous oxide). Precision feeding is an
innovationwhich reducenitrogen excretion because it adagihe nutrient supplyto the requiremens
of (individual)animak. Thanks toprecision feedingless dietary protein is required and nitrogen
excretion to the environment is reducett alsoallows to imprae feed efficiencythereby redudng
feed cost.

Precision feeding consistf feedinga blendof pre-diets mixed each day in variable proportions to
providea completeration that best meets the daily requirements of the aninfabr the LCA analysis,
asoler was used to simultaneously optineishe compositionand the daily incorporation rates tfie
pre-diets while mnimising costs§singbilinear optimization).

& Multiphase feeding strategy
VS precision feeding strategy
(adapted from Dusart et al,
2019) — Strategies from WP4
broiler trial

dio d25 da3 da7

Figureb: Precision feeding strategy for broiler production

For pos, the precision feeding technology was applied to fattening pigs. For poultry production, it was
used only for broilers. At this stage of the project, no datae availableaboutthe use of precision
feeding for laying hens and egg production.
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3.3 Monogastric systems considered to apply innovations

Forpig production, the assessments concern conventidaabw-to-finish pig farmswhere:

- All animas are housedin buildings dynamically ventilated on fullglatted floos.

- Slurry is stored below animals dugithe fattening period

- At the end of each fattening periodhe slurry is removed fronthe building to an external
uncoveredpit.

- The spreading of slurign the landis doneusingdrop pipes

Broilers were assumed to be raised in a standard broiler pramlucinit, similar to the one studied in
the Ecoalim projeatEspagnol et al., 2016\nimals are slaughtered at 36 days and the building remains
empty for 19 days betweaebatches. The building is 130, with dynamic ventilatiorand a litter
floor. The gg production system considered is the same as in the Agribalyse pigatt and Salou,
2016) The same Sinkeo softwarewas used, except for fesc@nd emissions, which were modified
depending on the scenario. A conventional, dod cagefree system waschosento reflect the
expectedchange inthe egg production sector in Frandeor the simulated farms were located in
Brittany, France.

4. Environmental assessment methodology

4.1 Life cycle assessment
The environmental impacts were assessed by Life Cyclesivsses(LCA).

4.1.1 Perimeter, functional units ,impact categories and allocations
Figure6 indicatesthe LCA perimeters and functional units used to asfesgnvironmental impacts
of the innovations.

For the innovative feedsttdtwo perimeters were considered

- The firstperimeterconcerns the production of innovative feedstuffs. It includes the production of
inputs to produce the crop, the productioan the field with all agricultural operations, the
transformation processes arall transportincludingtransportof crop inputs €.g. fertiliser, water),
transport between the field and the transformation plant. The functional urattén of innovative
feedstuff atthe plant gate.

- The secongberimeteris the life cycle of animaroduction. It includes the first perimeter witthe
production offeedstuffs andncludesthe production and supply (transport) of all inputeluding
the feed, the buildingsand the breeding herd. The perimeter also includes activdgEsociated
with the animal and manure managemeiithe spreading of manumgasalso consideredelative
to mineral fertilisation: the emissions athe field linked tomineral fertilisation (which would have
occurred if therewasno manure) are subtracted from the ensisrs linked to organic fertilegion.
Thanks to this methodological choice, only the surplus or the economy of emissions are attributed
to animal productionFor poultry production, the spreading of manure was not considefad.
impacts are expressed perdgiram of animal product &he farm gate(kg of pig, kg of broiler, kg

of egQ)

For precision feeding, only the animal productia@rimeter was considered anésulisare expressed
per kilogram of animal product &he farm gate.
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2 Functional units : 2 LCA perimeters :
impact 1 kg animal product -
I ; peialll
vi mineral |
o gl 4 N\ / ) fertilisation |
& H f / H

spreading i
storage i
- O

- Feeding ™, Animal vonl Excretion
s, strategy -/ ~.__performances _. N K

Feed formulation g

4

Classical feedstufis  [NEENE

Figure6: LCAperimetersand functional units

Siximpact categoriesvere assessed by LCA:

- Nonrenewable energy consumption (CED 1.8) in MJ,

- Climate change (ILCD) in kg-€1f)

- Acidification (ILCD) mol of H" equivalent,

- Eutrophication (CML) igPQ?,

- Land occupation (CML) irfiyear,

- Phosphorous consumption in kgdhly for poultry productior)

Concerning the allocations:

- For pig and broiler production, all impacts for the whole production chain considered in the
perimeter were allocated to the animpfoduct.

- For egg productiona biophysical allocation was applied similar to the one followsdd in
Agribalyse (Koch and Salou, 201@)th®e impacts regarding the laying period were allocated to egg
production, and none of these impacts were allocatedhe spent hens. All impactoncerning
the production of young hens (before the laying period) are allocated to the spent hens.

4.1.2 Life cycle inventory data and LCA tools
TheLCA of innovativéhe feedguffs and feeds were assessesingSimdro (9.0).

Goncerning the LCPer kg of animal product:

- For pig production, two methodologies wensed

- The environmental impacts of the precision feeding strategies with the experimental approach
were assessed with SirRa.

- The impacts of the simulated strategie®( the strategies with the innovative feedstuffs and
the moddled strategiedor precision feeding) were simulategingMOGADORCadero et al.,
2018) MOGADORs a model fora pig fattening unit able to (i) simulatBe performance of
individual pig, including their variability in interaction with farmer practices and management,
and (ii) assess their effects ahe associatedtechnical, economicand environmental
performance.

For poultry production, all the LCA per kg of animal product were perfansiegSimaro. Data required for the Life Cycle
Inventoriesvas derivedrom differentsources (
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Tablel).

- From Feeeb-Gene projecpartners

- Transformation processes of the innovative feedst(ff¢P1)

- Feed formula, animgberformance,and energyconsumptionfrom experiments orprecision
feeding (WP4)

- Fom databases:

- Thelife Cycle InventoriedC) YR [/ ! AYLI Oda 2F aOf swedA Ol f ¢
taken fromthe FrenchAGRIBALYSE databdséormation on #l the ingredients used ithe
feedsare availabled.g.,cereals, meals, oils, minerals, amino agiagported Brazilian soybean
meal). Forthe assessmengfn averageéBraziliansoybeanmealwas consideredof which44%
wasnot associatedvith deforestation andb6% wasassociatedvith deforestation(Wilfart et
al., 2016)

- From simulations:

- Least cost formulatiowas employedfor to determine the feed composition The results
considerthe cost ofthe feedstuffs andheir nutritional profiles

- The simulatios for pig productionwere done usingthe MOGADORnodel and performance
dependson animalcharacteristicsfeed compositiopnandthe feedsequerte plan andeeding
program.

- Direct environmental fluxes of livestogkere assessed by using emission factors from EMEP
(2016) and IPCC (2006yhich make the emissionsensitive to excretions (ldnd volatile
solidg.

- Direct water and energy consumption usthgta per animalbased on previous measurements
in livestock.

Dataon transport distanceand poultry performance ome from internal project expertise
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Tablel: Sources used to complete thifelCycle Inventorigh Clof the environmental assessments

LCI categories

Pig production

Poultry production

Precision feeding

Innovative Feedstuffs

Transformation process of the
innovative feedstuffs

Data collected from WP

Production process of the other
aOftaaAal0kfé FSSR

Experimental part

Modeling part

Broilers

Laying hens

Data collected from WP1

ECOALIM data from AGRIBAE ¥&tabase

Production process of energy used

Average consumption in French pig farms (983 kWh/sowl/year; IFIP, 2006
(Ecoinvent for the LCI of 1 kWh)

Average consumption, from
ITAVI, 2007

Production process of other water
used

Average consumption in French pig farms (Massabie et al., 2014)

Average consumption, from
Denneryet al. 012

Data from the AGRIBALYS

(egg, conventional, indoor

system, norcage at farm
gate)

Transport

Expertise for the distances (distance from feed plant to livestock: 30 km)

(Ecoinvent for the LCI of

1 t.km)

Feeds formula

Least cost formulation for
4 contrasted economic
contexts and 4 European
countries

Data collected from
WP4

Simulation of least cost
formulation for 4
contrasted economic
contexts

WP1: Leastast formulation fa 4 contrastingeconomic
contexts in France
WP4: data collected from WP4

Feeding strategies

Expertise: biphase feedin

Data collected from
WP4

Expertise: biphase feedin
(baseline) and precision
feeding

WP1: multiphase feeding
strategy
WPA4: data collecteffom
WP4

WP1: one feed during laying
period

Animal performances

Simulated by MOGADOR

Data collected from
WP4

Simulated by MOGADO-H

Type of builing

Not considered

Average building of
AGRIBALYSE

Not considered

References, similar to
ECOALIM

Data fromAGRIBALYSE (Edg
conventional, indoor system
non-cage, at farm gate)

Direct ammonia emissions (MHand
nitrogen oxide (NOX)

Simulated by MOGADOR
(EMEP/CORINAIR)16)

EMEP/CORINAIR 201

Simulated by MOGADO-H
(EMEP/CORINAIR 2016

Direct nitrous oxide emissions {§)

Simulatel by MOGADOR|
(IPCC 2006)

IPCC 2006

Simulated by MOGADO-R
(IPCC20086)

Direct methane emissions (@QH

Simulated by MOGADOH
(IPCC 20Q#6ier 2)

IPCC 2006 tier 2

Simulated by MOGADO-H
(IPCC2006 tier 2)

Simulated thanks to the GER Excel calculatqby CITEPA
and the French Ministry of Environment
NHs, N;O and Chlemissions
Using references from IPQZD06 CH, N;O) and EMEP EEA
(2009, ITAVI(2012, CORPE[R006 and experts (Nk)

Direct nitrates leaching (Np

Simulated by MOGADOR

(IPCC2006)

IPCC 2006

Simulated by MOGADO-H
(IPCC2006 )
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4.2 Innovative feedstuffs

4.2.1 Nutritional characteristics of the innovative feedstuffs
The nutritional characteristics of the innovative feedstuffsre providedby partnersin WPL (Table
2). The protein paste extracted from green biomassa high fibe fraction compared to other protein
sources.lts protein contentlies between that of rapeseed meal an@raziliansoybean mealThe
European soybean meal produced withaldehulling has a protein content similar that of the
Braziliansoybean meal. With the dehulling process, the protein content is increased by 8% and the
fibre content is reduced by 38%. As expectdtk European soybeamealhave a higher residual oil
content compared tothe Braziliansoybean mealConsequerttly, their energy content is highefhe
physicafractionationof the rapeseed meal leads tdiae fractionwith a highemprotein content(13%)
and alower a fibre content (44%) than the original reeseed meal

Table2: Nutritional characteristics of innovative feedstyft®mpared to Brazilian soybean meal and
French rapeseed meal

For 1kg of feedstuff Protein Crudefibre | Total fat (g)| Net energy | Digestible

content (g) (9) for pigs lysineg/ MJ
(MJ) net energy

Brazilian soybean meal 463 59 16 8.3 3.12

French rapeseed meal 339 128 22 6.7 2.03

Fine fraction rapeseed meal (IF] 385 72 17 7.1 2.16

European soybean meal 505 32 59 9.6 2.96

dehullingcookingpressing (IF2)

Eurgean soybean meal cooking 466 51 78 9.6 2.72

pressing (IF3)

Protein paste (IF4) 337 205 63 5.1 2.59

Regarding protein content, the innovative protein sourazm replace Braziliansoybean meal.
However,the ratio of digestiblelysine tonet energyis sywtematically lower compared tthat of

Braziliansoybean meal. Tprovidethe amino acids requieby thepigs it isthen necessary tsupply
more proteinin the diet, whichmay result irmore nitrogen excretion.

4.2.2 Feed formulation

Several scenarios havedeusedfor feed formulation to estimate the potential die innovative feed
ingredients to reduce the environmental impact of pig and broiler production

For pig productiona biphase feeding strategy was considered for the fattepigrgpd using agrowing
and a finishing feed.For broiler productiona starter feed,a grower feed anda finisher feedwere
formulated For each scenarioa leastcost feed formulation was performed(Figure 7). For the
G Of | angréd@mtsi.é., not for the innovative feedstuffs),we used:

- Averageannualprices of four contrastinggconomic contextsf¢r the periods 2012011, 2012
2013, 20132014, and 2016-2017) resulting invariability indiet formulas. Tlese contextswere
chosen by traking the prices of cereals (wheat) and proteins (Brazilian soybean meal).

- For pig production, the priceontexts were considered fdiour European countriesi.g.,
Francethe Netherlands, Spaimnd Germany)For each countrya list of feedstugwith prices
were defined.

- For boiler production,he Frenchprice contexts wereused

- Nutritional valueswere obtainedrom the feed tables ofNRACIRABPAFZAhttps://feedtables.con).
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Figure7: Least cost formulation of feeds

A Baselie feed formulation (Figure8) was performed to produce baseline feeds in the different
economic contexts, without incorporation of innovative feed ingredieRts. pig production, aecond

Virtual baselindeed formulation(Figure8) was performed to produce baseline feeds in whibb
incorporation of soybean mealwas maximised This new baselinevas obtained withoutthe
incorporation ofthe innovative feed igredientsand by settinghe LINA OS 2 F az2é&pBosly YSI
poultry production, the incorporation of soybean meal in the baseline feeds was already high.

For pig production, e effects of incorporation ahe innovative feed ingredients was tested indw

scenariosfurther referred to adnnovative feed ingredier@nd Max Innovative feed ingredie(fEigure

8) by formulating:

- Feedsincorporatingone of the innovative feed ingredients tested thie minimum price of its
reference tassical feed ingredientpfotein concenN} S FTNBY 3INBSYy o6A2Yl aa
d2@80SIy YS, larfdthd fitie fraction efepéseedme £ | G mrxle Kk G 0 0!

- Feedsdncorporatingone of the innovative feed ingredients testedagprice set to .

Figure8: Scenarios of feed formulation for the innovative feedstuffs

For poultry production, the effects of incorporation of innovative feed ingredients was tested by
F2N¥dzZf F GAYy3 FSSRa gA0GK Ayy20FG§A0S FSSRaddzFTa |

Minimum and maximum nutritional constints for feed formulation are provided for each scenario in
Annex 2 The Ist of ingredients (Anex 3) and nmimum andmaximum incorporation rates for all feed
ingredients in each scenar{eelated to the filve content and presence of antiutritional factors)are
given inAnnex 2

For broiler production,for the precision feeding system assessmestpnomnic scenarios were
assessedbr the situation irseptember 2011, June 2012, August 2GIRI February 2014.

4.2.3 Methodology of benefit measurement
Two beneits are measuredrhe firstconcernghe benefit that canbe obtained in the current context.
It compares the impacts @inekilogram of animal produdor the Innovative feed ingrediersicenario
compared tathe BaselingFigure9). We expect the impacts to be reducddimpactsareincreasedit
isconsidered as a pollution transfamong impactsThe second is thpotential benefit that would be
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