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Executive Summary

The objective of this thesis ie provide farmers and other actors of beef and pork supply chains in
Brazil with scenarios of sustainabfgoduction and distribution by identifyingthe austainable
practices that are needed in those chains to make their operations in compliaticthe required
principles of sustainabilityThe sustainabilityscenarios are described by the sustainable practices
that they involve, which address sustainability issues in the 3P areas of sustainability.

Different opportunities of sustainable development regarding the beef and pork supply chains in
Brazil are undeiinvestigation, but there is a gap in the literatuedout the development of a
gualitative methodology which providesustainabilityscenaios for these chains. Therefore, this
paperdesignsa number of futuresustainability scenariothat are feasible tde implemented to the
Brazilian case of these two chains.

A literature reviewhas beenconducted to understand which sustainability indicators are most
suitable for this study(thirteen, divided in economic, social and environmentdlhen a round of
interviewswas pursuedwith elevenlLatin American and European experts of these chamséelp

the selection of thefuture draft scenarios. These draft scenariolstained by the analyses of the
interviewshave beencombined with the use of far criteria irto six sustainabilityscenarios. These
are: intensification local production and sustainable operaticarsdintegrated land uséor beef, and
integration of animal and crop production, sophisticat@érdbalanced sustainabilitior pork.

The literature review on the definition of scenarios, on the global flows of beef and pork meat and on
the beef and pork industry in BraZilas beencarried out Eventually, the last step of the literature
study involved the detaiing of the practicesin the selected six scenarios Migerature review, in
order tomake those practices (thus the scenarios) implementable.

The empirical review encompasses a second round of interweatsfourteen Latin American and
European experts of these chains. These interviews haxipla purpose: validate, ssess and detail

the scenariosThe purpose of the detailingfep is to support the detailingia literature, by asking

the experts interviewed for concrete actiotizat make the practices applicabl€hecombination of

the findings from the literature andhe emgrical reviewsresulted in the description of the six
scenarios.Specific and generaionclusionshave beendrawn. The outlook of the improvements
towards more sustainable chains has to be chaide, and it should prioritise the farmland
operations and the governmental actions that impose responsible bonds to the chain operations and
easetheir monitoring. Moreover, the information flows in the chain should be guaranteed as a
powerful instrument to mange the operations and to creatieansparency for the consumer. This
information should also specify when the practices in the chain areoresple, so that the
marketplace of reference can reward the chain operations.

The many sustainable improvement options brought about by thewstainability scenariokr the

beef and pork supply chains in Brazil provide inputs for further research#sato investigate their
representativeness for other food chains.

The final recommendations to the beef and pork chain players in Brazil is to consider the sustainable
improvements that these scenarios would bring and to take the cue from themattench, invest or
supportsupply chain decisions amalicy making, more sustainably.
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3PL Third Party Logistics
DSS DecisionSupport System
EU European Union
GHG Greenhouse Gas
GS Governancesructure
HACCP Hazard Analysis and Critical Control Points
IDEA Indicateurs deDurabilité des Exploitations Agricoles
K Potassium
LA Latin America
LM LogisticManagement
Mmt Million metric tons
N Nitrogen
OIE World Organization for Animal Health
P Phosphorus
PS Production System
QM Quality Management
RFID Radio Frequencigentification
ROI Return on Investments
RQ Research Question
Knowledgebased sustainable valesdded food chains:
innovative tools for monitoring ethical, environmental ar
SALSA . . . . .
Socieeconomic impacts and implementing HE4dtin
America sharedtrategies
SC Supply Chain
SCM Supply Chain Management
SME Small and Medium Enterprises
WHO World Health Organization




MSc Thesis Designing scenarios of sustainapteduction and distributioffor the supply chains of beef and pork in Brazil

Summary
F o g ToANlY [=Ta (o 1T o g LT g OSSP 2
EXECULIVE SUIMIMAIY . eeeiitiiiies e e et ee e eeetitme et ettt e e e e e e e eettee s amr e e e eeeasae s e e e eeeeeessen s ameeeess s naeeeeeeeeennnnns 3
IS 01 AN o] o] (=3 = 1[0 PP 4
1. Introduction: problem StAtEMENT...........iiiiiiii e e e e e e 6
1.1 Background iNfOMMALION. ........ouuueiiiee ettt ettt et e et e e e e e e e b e e e e e s snnaees 5
1.1.1 The beef and pork chains in Brazil: chain players and sustainability.issues....................... 6
I 21U o] o] 12 g F= 11 Yo =T o F= 1 o 1SR 8
1.1.3 Pork and beef: the global fIOMS..........oooiii e 9
1.1.4 Industry analysis of Brazilian beef and pork meat...........cccccvvvviveiie e, 11
2 oo g Tot=T o] (U= Lo (=2 To | o PRSP 14
1.2.1 RESEAICN ODJECLIVA. ... et e e e e e e e e e e e s 14
1.2.2 RESEAICH QUESTIQNS ....eiiiiiiieiee e e ee sttt e e e e e e e e e e s s e e e e e e e e aaaaaeaaeeeseseaaannnnns 15
1.2.3 RESEAICH frAMEWOIK ... ..eeiiiii it e e s s e e e e s s nneeeas 15
P2 /11 1 T To [ ] oo V2SR 17
2.1 CASE StUAY UBSIGI...eiieiiiieiiiiie e ettt ettt e e sttt e e e s sss b e e e e e s e ateeeaeesaasbbraaeessasbbeeeeessansneeeeesaans 17
2.1.1 Research steps and KE&Y CONCEPLS........uuiiiiiiiiiiiiie ettt e eebe e 17
2.1.2 Data sources and methods of data COIlEeCHQN..............cooiiiiiiiiiiiiii e 20
2.1.3 DAtA @NAIYSIS ..eetieeiiiitiiiiie ettt e e s e e e e e e bbb ra e e e s e e b e e e e e s aaanraeeeeeaas 22
2.1.4 Reliability and Validity............coooiiiiiiiieee e s s e e e e e e e e e e e e 23
3. The 3P sustainability INQICALOIS ... .....iiiiiii e e eer e e e e a e anna s 25
3.1 Overview of sustainability INAICALAIS. .........ueeiiiiiieeee e 25
3.2 Selection of sustainability INAICAIALS...........uuuiiiiiiiiiiire e e e e 30
4. The selection othe sustainability SCENAMNOS..........ccovuuiiiiiiii e 33
4.1 Selection of sustainability scenarios for the Brazilian beef supply chains..................ccco oo 33
4.2 Selection bsustainability scenarios for the Brazilian pork supply chains..........cccccccv e 36
4.3 Summary of the selection of beef and pork sustainability scenarios............ccccccvvvvveeeeerireeee.n. 39
5. Detailing via literature and empirical review of the sustainability scenarios..............cccceeevveeennns 45
5.1 Beef supply chain sustainability SCENArIOS..........ccccuviiiiiiiiiiiiiiee e 4D
o I 1 (= g Y o= (T o AP PR U PPPRPPR 45
5.1.2 Local production and sustainable operations............cccccooeueerieeiriiieeee e 50
5.1.3 INteQr@ed JaNU USE......coeiiiiiieee ettt e e e e e e e s s et r e e e e e e aaaaeeeeeesseennnnnnne 53
5.2 Pork supply chain sustainability SCENAKIOS..........ccoccueiiiiiiiiiiiee e 57
5.2.1 Integration of animal and crop ProdUuCHiQD............cccuuiiiiiiiiiiiieee e 57
5.2.2 SOPNISHCALION.......cci ittt e e e e e e e e e e aaeeaae e e e e e s e s a e nnner e e reeeees 59
5.2.3 Balanced SUSTAINGDIIILY...........ooiiiiiiie et e e e e enneees 63
5.3 Sustainability Scenario FrameEWOIK.........couviiiiiei it e e 66
6. RESUILS QN @NAIYSIS. ... .cceeiiiiiiiii e e e e e e e e e e e et e e e aaane 67
6.1 The three sustainability scenarfos DEE............oo i 67
L I 1 (= g o= (T o PP UPPPRPPR 67
6.1.2 Local production and sustainable Operations.............cccooeiueeree e 70
(oI IR [ ) (=T [ r= 1= T0 I =TT I L = PSSP 72
6.2 The three sustainability scenarios for POKK............ovii e 75
6.2.1 Integration of animal and crop ProduCtiQn..............ccceeiiieeriiiieee e D
LIS Yo o] 1S3 1 o= 11T o ST 77
6.2.3 Balanced SUSTAINADIILY. ........oouiiiiiii et 80
A O o 11T PP 82
8. Recommendations and QISCUSSION. ......uuuiii ettt e ettt e e e e e e eeet e et e e e e e e e e e eeeenennne 87
S0 I = To o 010 1T 0o F= o] o <SPPSR 87
8.2 DISCUSSION......eteetie ettt ettt e ettt e e e e ok bbbt e e e oo s a bbbt e e e e e e abbb e e e e e s sanbbe e e e e e e anbbbeeeaesannraes 87
] (] (=] Lo USRS 89
List Of FIgUIES and TabIES.........ooviiiiiiiii et eer e e e e e e e e e e e e e e anseseeeaeeeaenne 101

IS o Y o] 0 1= o [ =< USPPPPUPRPR 102



MSc Thesis Designing scenarios of sustainapteduction and distributioffor the supply chains of beef and pork in Brazil

1. Introduction: problem statement

The forecasts are clear about the idea that by 20 years from now the world population will increase
by 3 billion people, mostly belonging to the middle class (www.Agrivision.cor;2843).In the
context of this huge challenge posed by feeding the futwestainability emerges as a top point of
O2yOSNYy Ay GKS |3SyRFra 2F Fff (GKS O2dzyiNASa Ay D
meeting the needs of the present without compromising the ability of future generations to meet

0 KSA NI y SMhR2G9).Indthisk tiiedts, e concept of sustainable developmeahcompasses

three essential aspects: economic (avoid imbalances and unfair behaviours), environmental
(maintain biodiversity, atmospheric stability, etc.) and social (fair distributionopartunities, etc.)
(Harris, 2003).

In order to feed the growing population in a sustainable way, the glance at the enormous resources
of the developing countries is needed. In this sense, an interesting case to deepen into is Latin
America (LA). The fawers in Latin America are facing enormous obstacles in accessing the European
markets (EU, 2002). The socioeconomic and environmental negative impacts of the commodity
chains of beef and pork make it difficult in some cases to interface with EU marketjacSilvat

al.,, 2013).The rate of production that is meant to sustain the requirements of the marketplaces and
the peculiar production systems in Latin America involve environmental, social and economic
problems for theBrazilian society at largedue to the heavy usage of natural resources and the
consequent air and water pollution, and ecological diseases (Hillstorm & Collier, 2004). This holds
true also for the two commaodities on which this thesis is focused: pork and beef from Biail.
combinaton of supply chains isteresting to investigate. Despite the similar nature of the product,
different sustainability issues arderefore different sustainabilitgcenarios are expected.

Therefore, the objective of this research projectasprovide farmers and other actors of beef and
pork supply chains in Brazil with scenarios of sustainatdduction and distributionby identifying
the sustainable practices that are needed in those chains to make their operations in comyiiiince
the required principles of sustainability

The next subparagraphs detail some of the basic information to introduce the sustainability issues
specific for the Brazilian beef and pork chsin

1.1 Background information

1.1.1 The beef and pork chains Brazil: chain players and sustainability issues

The beefsupplychain
Before the discussion upon some of the sustainability issues that affect the beef chains worldwide, a
brief explanation of the SC and the system boundanysidered in this thesis provided (Figure 1).

B Producer [Slaughter process Packer ]—>| Retailer I

Transporter Tra orter

Figurel: The beekupplychain from Brazil to the EU markets (adapted from Meuwisstead., 2013).
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The supply chain players of the Brazilian beef chains taken into account are the follbveieder,
producer, transporter (from farm to abattoir), slaughiteuse transporter (from slaughterhouse to
ports), packer, and retal (e.g. supermarkets, restaurants and p@sbcessing companies).
Moreover, he producerof farm inputs (e.g. feedsyill be takeninto account(Meuwissenet al.,
2013.

The precise frame of the system bounddmips to understand the relevant stakeholders involved
and to appreciate the complexity of the chain.

The next paragraph is centred on the sustainability issues that intipadteefsupplychain.

Sustainability issues in the beef supply chain

According toEuclides Filho (2004nd Cederberget al. (2009) Brazil has to face the increase in
competition in the global beef market by being more efficient and sustainable. The major issues
expressedin the literature for the Brazilian beef chains are the following: limited expansion of
technical barriers, effdive introduction of the beef product from Brazil into the world economy (e.g.
Europe marketplaces), the internal beef consumption in Brazil, food health, the exploitation of
renewable resources, the assurance of social welfare (human and animal), thity qunal safety of

the final product (free from residues), the land use expansion (especially in the forestland adjacent to
the Amazon forest), and th@HGemissionsdrom production and transportationt is clear from now

that the sustainability issues thadrazil faces range from environmental to social and economic
concerns Apart from these majorisstainability issues, many more exist and arentioned in the
remaining of the thesis.

The pork supplychain
The overview of the chain players in the Brazilpmk supply chains and the major sustainable issues,

are made available in this sectidfigure 2 shows the porkupplychain,detectingthe mainplayers
and activitiesnvolved from the breeder to the coomer.

| Feed producer | | Processing industry l
y

e T — s

Transporter

Figure2: The porksupplychain from the breeder to the consumer (adapted from Baal,, 2011).

The supply chain players of the Brazilfork chains taken into account are the following: breeder
(optimization of the animal genetic characteristics), feed producer, producer, transporter (from farm
to slaughterhouse)processing industry, and retailer.

Again, this picture is important to framedhactors and the complexity of the chain.

Sustainability issues in the pork supply chain

Honeyman (1996and Australian Pork Limited (2008)cognizea number of majorsustainability
issues in the pork productiochainin Brazil These are: théarmsissues (related to manure and-by
product management, as well as animal welfare at the housthg)meat quality and safety (e.g. use
of antibiotics and subsequent residuedhe rural community (e.g. fair incomes) and the
environmenal burdens The mainenvironmental issues have to do with the usere$ources and
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services (water usage, energy usage, etc.), soil and catchment health (reusprofibgt nutrients,

etc.), climate change (managing gas emissions, renewable energy, climate varianceanetc.),
community interactions (facilities impacts, relationships with the community, etc.). The challenges
and issues in the pork supply chain cited here are just some of the many sustainability obstacles that
this SC has to overcome.

As for the beef sustaable issues, thaforementioned major sustainabilifgroblems can be grouped
according to the economic, social and environmental concerns.

In sum: the sustainability issues in the Brazilian beef and pork supply chains

The table shown below summarizes the major sustainability issues for the Brazilian beef and pork
supply chains. The rest of the thesis has the objectivepttovide sustainability scenarioss
improvement options to overcome thegand other further mentioed) issues.

Tablel: Summary of the sustainability issues for beef and ffor&ntioned in the literature)

Brazilian Economic issues Social issues Environmental issues
9 Limited expansion of th¢ I Food health 1 Renewable resources
technical barriers 9 Assurance of social welfal § Land use expansion
Beef chains 1 Effective introduction intg (human and animal) T GHG emissions fror
world economy 1 Quality and safety of megq production and
1 Internal market products transportation
consumption
1 Fair incomes for rura I Animal welfare at housing | § Manure and by produc
community 1 Meat quality and safety management
. 0S®3Id | YGAOA|Y Useofresources and servic
Pork chains L .
1 Community interactions (water, energy, etc.)
M Climate change (GH
emissions)

The® sustainability issues will be further investigated in the theBisir triple nature of economic,
social and environmental calls for an integrated approach that addresses all the three areas of
sustainability(see ch. 1.1.2 the definitp 2 F Wa OSy |l NA 2 QU

The nextchaptersbelong to the background information of this thesis. First, the definition of supply
chain sceario is provided dhapter 1.1.2); second, the global flows of beef and pork meat are
collected fom the literature ¢hapter1.1.3; finally, a brief industry analysis that seeks to delineate
the essentialities of the beef and pork industries ia#ris presentedchapterl.1.4).

1.1.2 Supply chain scenario
This section is the outcome of the literature review about sugblgin scenarios, in order to give an

explicit definition of what this thesis intends asstainabilityscenarios.

From the theory of system approach to the definition of SLipEJ|y chain scenario

This paragraph is aimed at providing the reader with a dR&FTA Y A A DSy | RE2 & | &
0S AYy (KA& NB&ASFNOK®P az2NB2OSNE gKIFG GKS 202
generic and SCM sustainable practicesurFareas of SCMre chosen namely: production system
(PS), logiste management (LM), governance structure (@8YJ qualitymanagement (QMj)since
the thesis is about sustainability in SCs)

>
N K
[N

é
Ol A«

(V)
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Regarding the definition of scenario, the system approach used in biological sciences in 1950s and
1960s has evolved within the social sciences into the concept of system boundary, which is a sub

level of a more complex system (Jackson, 1993; Checklan&amales, 1990; according to Van der

Vorst, 2000). The system boundary of the system of this research is demarcated eadytierl.1,

where steps of the supply chains of pork and beef are visualised. The further evolution of the system
approach theori@ Odzf YAY Il G4S& Ayid2 GKS O2yOSLIi 2F aaoOSyl NR
l O0O2NRAY3I G2 aAOKISt t2NISNI ompypo | &aO0SylFNR2 A
YAIKGEG GdzNYy 2dzi G2 0Séd ¢KSNBT2NBXI a0Syltha&d2a aKz
system itself. For the purpose of this thesis, the concept of change involves the improvement of the
sustainability of the beef and pork supply chains with the use of more sustainable generic and SCM
practices.

The choice of demarcating the SCM piees into the four areas: PS, LM, GS and QM, was made by

the author for the purpose of covering the main areas of intervention in a SC. This is an assumption

that, nevertheless, is reasonable given the time constraints to fulfil the objective of the Sthdy.
conclusions will discuss which and to what extent these areas of SCM are conducive to sustainable
improvements in the beef and pork chains in Brazil.

Thus, the following definition from Van der Vorst (2000), tailored to the purpose of our research
project, seems to be best suited:

Indeed, the visualisation of scenarios is useful to make people understand certain situations and take
actions accordingly.

1.1.3 Pork and beef: the global flows
Chapter1.13 is the outcome of a literature review of the global flows of pork and beef meat, in

order to give some figures that justify the impance of Brazil in these two sectors

According toEuclides Filho (2004) amdcGlone (2013 the growing trend for sustaable beef and

pork meat is to be taken into account by both the supply chains. The consumers of beef products ask
for good nutritional qualities, meat free of residues, or other contaminants that might affect human
health. This requires a sustainable guztion and supply chains that keep an eye on food safety,
food quality and animal welfare. The same holds true for pork, since the demand for sustainable
products is present and is to be addressed by innovative sustainable production systems (McGlone,
2013).

Meat Meat consumed, 2012 (mmt) Percentage of Meat (%)
Pork/Porcine 110.8 37.4%
Poultry 104.5 35.3%
Bovine 66.8 22.6%
Ovine 13.9 4.7%
Total common meats 296.0 100.0%

Table2: Worldwide meat consumed in million mettiznnes, mmt (FAO, 2013).
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The table above shows the main consumption figures related to pork and bovine meat in 2012 in
million metric tonnes. These impressive volumes contributed to the increase of the global population,
but have to be converted into more sustainable productiostesns, as asked from the beef and pork
meat consumer.

The next sufsection is meant to describe the global flows of beef and pork meat.

Beef and pork global flows
According to FAO (2013), the average of meat consumption in the developed countries id @Boun

kglyear, while in certain developing countries it is still stuck at 10 kg/year. These countries will soon
22AYy GUKS aftA@Saitz20]1 NB@2tdziAz2yé FyR gAff NBLINBA
pork production chains (FAO, 2013).

According to FAO (2012), the pig production is significantly increaingpared to beef, with an

increase in the meat flows and market expansion especially in

countries like Brazil and India. [X @&oth the production and
According to USDRAS (2013), the worldwide meat export for bee | consumpton of the global major
pork and poultry have grown over 40% throughout the past 10 yee playersfor beef and pork have

with a forecasted record growtin 2014 due to the rising incomes| increased since 2009. Seeminc
and a stronger demandiVhile beef export is expected to skyrocke: the import figuresfollowed the~
TAdNIKSNE GKS LER2N] YSHGQa T2 same trendUSDAFAS, 2018 A Y
increasing. The demand from Asian countriessig, and dstering

the increase of pork (moderately) and beef productions for export

(USDAFAS, 2013).

The database from USE#AS shows how both the production and consumption of the global major
players (USA, Brazil, EU, China, India, Argentina, Australia, MBxissia, Canada, New Zeland,
Uruguay, Paraguay, Japan, and South Korea) for beef and pork have increased since 2009. Seemingly,
also the figures concerning imports and export of beef and pork meat have undergone-aistep

but constant increase over the payears (USDRAS, 2013).

The next two susections are meant to go deeper into the different figurestfeefandpork

Beef global flows

L{ ! A& 8 IEr§est beafoducer, whilkrgentina, Brazil, Paraguay and Uruguay have rising
outputs (FAO2012).

The consumption figures worldwide are decreased in 2012 due to prices, in the developed
marketplaces. Nevertheless, the shortages of doneestipply of beef are backing tiggobal demand

that in 2012 increased by 1%. The increase in import is &sted in the United States, the Russian
Federation, whilst in Japan, Republic of Korea and Indonesia the demand is decreasing (FAO, 2012).
In the EU a depression of imports is having place. Latin American countries (i.e. Brazil) are expected
to step up theexports, due to the increase in scale of farms and the larger herds.

According to USBBAS (2013), the forecast about the worldwide beef production in 2014 foretells a
rise to 58.6 million tons, since major producers are seen as benefitting from chisggbsupplies

and an increased demand from importing countries (i.e. China). In Brazil the beef production is
forecast to increase to a record®million tons by 2014, with kap forward of 3% in production.

The reasorfor this is that there will be anx@anded herd made possible by governmental subsidies

or lowerinterest rates to increase in the investments for pasture improvemegntsombination with

a better genetics (USBDRAS, 2013). The other main driver of this increase in production would also
be the increase in feedlots, as well as higher cattle prices and moderate prices of the feed (balancing

1C
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the feed intake given to the herd during the dryasen, compared to the rainy one). In 2014 the
exportsare foretold beyond 1.9 million tons.

Pork global flows
According to FAO (2012), in 2012 the disease recovery in Asia and the higher slaughter due to

downsizing operations brought the world pork prodioo to 110.8 million tons. Some countries are

pursuing a build of pig stocks and this is exerting a push down of prices in those markets (FAO, 2012).
China is still the largest producer, sustaining the expansion figures. In USA, Canada and EU the
consumpton trend is not growing, while US excess pig supply is expected to foster trade by 3% to 7.4
YAfEtA2Y (G2y& AY HAMH OC! hX HAMHO® [/ KAYl Qa AYL]RN]
outbreaks and the low domestic prices. The exports from agirfy countries are fluctuating year

by year For instance,the exports from Brazil are increasing due to the renew of Russian quality and
sanitary restrictions on pork meand thanks to a number of better equipped processing units and

the employment of he diversification of sales to alternative markets (e.g. Ukraine) (FAO, 2012).

The production of pork, globally, is forecast to increase by 2014 following anéteppositive trend.

According to USDBAS (2013), in Brazil the production is forecash¢tnease moderately to a record

3.4 million tons, thanks to lower supplied feed costs and higher meat prices. The demand should
SELIYR +a 6Stftd Ly LI NIGAOdZ I NE wdzaaAl Aa SELISO
sanitarylead delimitations are dreseen (USDARAS, 2013). The recent access to the Japanese
marketplaces will be maintained and, probably shifted to more mature markets, with- well
established incumbent8JSDAFAS, 2013

1.1.4 Industry analysis of Brazilian beef and pork meat
Thischapte is a brief industry analysis that seeks to delineate the essentialities of the beef and pork

industries in Brazil, underlying aspects of the chain coordination and dapesathat are needed to
understand how these chains operate

The beef industry iBrazil
According to Focht al. (2013), the Brazilian beef cattle counts up to 200 million heads, mostly Zebu

(Nellore). The beef sector is the second agriculturatagein the Country for importance, with an
SELRNI 2F wmx: 2F (GKS LINRPRAZOGAZ2YS YF1Ay3a . NITACE
large land availability, large feedstuff supply, the significant internal consumption of beef and the
liberalizaton of trade barriers allow for scale up of farms and this huge production figures (Millen

al.,, 2011). The production system is mainly extensive and based on grazing systems, with a slaughter
age of the animal that reaches the 48 months (average is 36thsh Just 10% of the productions

have an intensive finishing (from 90 to 120 days on feed)
(Fochet al,, 2013).

Mato Grosso presents production systems and farms that

are mainly largescaled, and the common system of
production (also in other Brazilisstates) is extensive. Thus,

the animals have free access to the outside grassland to
pasture and during winter (dry season), their diet is
supplemented with other typologies of feed (WSPA, 2012).
Although the extensive production system has the potential

to be efficient, pasture management should be improved to
avoid the negative impact of the grazing system. A good

Pagure managemenshoul be
improved to avoid the negative
impact of the grazing system.
Overgrazinglisrupts the nutrient
cycleand pasturelandConcerning
the GHG emission, although Bra:
has the highest growth rate of
enteric mehane emission, the
growth rate of methane emission
per unit of product is negative
(WSPA, 2012; Millest al., 2011).
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pasture management also improves the productivity of animals, safeguarding animal health and
welfare (WSPA, 2012). The problem of overgrazngervasive with vast areas where the nutrient
cycle is disrupted and pastureland is, as a consequence, degraded (WSPA, 2012). Moreover, 50
million hectares of the Amazon forest have been turned into pasture (half of which already
degrading) (WSPA, 2018oncerning the GHG emission, although Brazil has the highest growth rate
of enteric methane emission, the growth rate of methane emission per unit of product is negative (
1.82%/year) thanks to the growth rate of beef production that is significant (Métead., 2011). The
largest beef production in Brazil is located in Mato grosso do Sul (29.8%), followed by Minas Gerais
and Para. The largest feedlot production in Brazil is in the Midwest regions of Mato Grosso, Mato
Grosso do Sul and Sao Paulo (Mikeml., 2011). The following figure shows the map of Brazil with

the concentration of cattle locaticn

Figure3: concentration of cattle in Brazil (the grey
intensity indicates the concentration) (Milleat al.,
2011).

Concerning the supply chains, a traceability system
has been implemented in the chain in 2002 due to
international requirements. In order to tackle the
antibiotics use in animal production, Brazilian
packers have regulated their utilization (especially

of ionophores, used as growth promoters) for
those farms that are certified to produce for export to EU (Mikkral,, 2011). Nevertheless, 16 out

of 27 Brazilian states are still considered affected by-footth-disease and, also due to the lack of

a goodcarcass grading system, many opportunities for exports are limited (Millah, 2011).

According to Anderson and Hudson (2008), the Brazilian beef industry is typically not vertically
integrated, but, instead, it is rather disperse. A recent meigetween a Brazilian packer and an
American processor have affected the horizontal structure of the beef processing industry, and
represents a substantial vertical integration of the backward an upward operations in the chain. The
packing sector in Brazd also undergoing consolidation trend with npricing systera that increase
vertical coordination with the upward stage through ownership of cattle, fixed price contracts, and
other types of agreements (Anderson & Hudson, 2008). Rossi Setaab$2005)confirm that in the
current beef industry in Brazil the coordination between the SC actors is weak, with little chances to
find contracts between farmers and abattoirs and between abattoirs and retailers (Rossi 8pales
2005). Nevertheless, interfary with importing counties and especially EU requirssong chain
coordination.

M Notth Region/States

The pork industry in Brazil
Brazil is the fourth largest pork producer globally with a produce of about 3,300 million tonnes (mmt),

consumption of 2,700,000 tonnes, and expof 600,000 tonnesRrazilianpork.com, 42-13). The
production of pork in Brazil is scattered among all the 26 states and the Federal DistriEigses!).

Figured: pork production by state (in thousand tonnes)
(Brazilianpork.com,-92-13).
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According to DeBarcelloset al. (2011), in Brazil 88% of
the technological pig farms is vertically integrated with
agrifood industries and cooperatives, through the
contract type of coordination or farm promotion
programs. In the south of Brazil the vertical integration is T;é‘,’f(s"f;f (MT)
the major reality for many farms and it is becoming the
predominant coordination type also in the Centradst  Sooa (s o
478,4 (16%) .L

Goiés (GO)
147,7 (5%)

Minas Gerais (MG)
397,1(13%)

region. The bargaining power is in the hands of agrifoo Parané (PR)
industries, which exert more ctmol through the
integration strategywith the other chain members (De
Barcelloset al,, 2011). Given the bulk market that the pig
production in Brazil represents, innovation has become an
important source of differentiation for export and internal markgi®e Barcells et al,, 2011).
Nevertheless, de to the high taxes and energy costs and the absence of a sufficient logistics
infrastructure, the competitive marketplace is still won from whom has the lowest costs and the
bountiful natural resources (De Barcelktsal,, 2011).

Although the pig meais the most worldwide meat consumed (15 kg/person/year), the pork ranks
third in Brazil after beef and poultry. Indeed, the internal market should be targeted as a fruitful
opportunity (De Barcellost al., 2011). According to the statistics (IBGE, 20d@% consumption has
increased during the past years. Most of the pork meat consumed is processed into sausages. The
resourcification that has to upgrade the sustainability of the pork chains in Brazil is based on
innovation, focused on technological ade@ments and animal genetic development (mainly for
guality assurance, feed conversion efficiency and animal lean pork production) (De Batellps

2011).

Both the lower production and logistics costs have allowed pig producers and meat processors to
scale up. Nevertheless, this intensive pig production brings about a number of sustainability issues
that follow the high concentration of the animals at the farm and the increasing dependerrce f
external inputs Franzeset al., 2013.

Sao Paulo (SP)
156 (5%)

Santa Catarina (SC)
746,9 (25%)

Rio Grande do Sul (RS)
588,7 (20%)
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1.2 Conceptual design
This followshe structure given by Figure $he research objective, research questions and research
framework are the three elementdeveloped in the nexparagraphs.

Research objective
Conceptual design Research questions
(Why?)
Research framework
Research design
Research material
Technical design 3
(How?) N " Research strategies

Research planning
Figure5: Theresearch design composition.

1.2.1 Research objective
Theobijectivein relation to this research project can be stated as follows:

The pork chain and the beef chainBnazil are the two areas of interest in this thesis, and the two
cases around which this project will revolve. The already mentioned 3 billion increase of the world
population will pose serious challenges to the sustainable development of these two ahiatn
America. The farmers are one of the subjects of change and the recipient of the improvement
options and guidelines that EU projects (e.g. SAlt§Act, fundedby the Eiropean Commissigrare
developing to foster the sustainable development and value increase of the Latin American meat
supply chains. In this context, many studies from FAO, Eurostat, and also Wageningen University are
trying to frame a large number of indicators to ass#®s sustainability of a supply chain. These
indicators are much more integrated across the three dimensi(8R areas)of sustainable
development (economic, environmental, social), than in sustainability studies of the past. This
integrated view of sustambility is taken up in this thesis in order to grasp a bit of the complexity of
what sustainable development means for actors of supply chaihe expected outcome dhis

study is a number obustainability scenario®f pork and beefin Brazil. The scenas are a
combination of sustainable generfoot SCM related, e.g. improved outdoor access for the gigd)

SCM practicegregarding four SCM areas: logistics management, production system, governance
structure, quality management) that have to be emyd by the farmers and other supply chain
actors The aforementioned four SCM areas are chosen in an attempt to cover the key strategic areas
of decision makingn a food supply chain. Thus, the following definition of soario seems to be

best suited:
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0A SC scenario is an internally consistent view of a possible instance of the managerial and logistical
SC concept, i.e. the production systems, governance structures, logistics management and quality
management systems, seenasombination of values dfidicators in the 3P areas®

The generic andSCMsustainablepracticesthat make up the sustainability scenarios for beef and
pork in Brazihave beerselected ia literaturereviewandinterviews with experts of the two chains.

1.2.2 Research questions
The selectedentral research questioim relation to this thesis is:

What are the best suitedustainabilityscenarios, as sets gkeneric andSCMsustainablepractices
that farmers and actors of the two supply chains of pork and beef from Braa#l fsaemploy in
order to managesustainable development?

Thespecific research questiorare the following:
RQ1.What sustainability indicators (economic, environmental and social) would be best
suited to assess the sustainabilitytbé beef and pork supplghain®
RQ2.What is the current situation with respect to sustainability of the SCs of pork and beef
from BraziP
RQ3.What sustainability scenaricare feasible?
RQ4. What are the sustainability improvement options that, from a certain level of
sustainability, bring to a future desired level of sustainabititthese chain®

1.2.3 Research framework
The resarch framework shown in Figure dnsists ofsix stepsthat employ. literature review,

empirical reviewthe formulation of theresults and conclusions. In the following subparagraphs, the
detailed description of the research framework is provided:

U Step linvolves the literature review on the sustainability indicators and the selection of those
that are suitable for this study.h€& concept of integrated view of sustainability in the 3P areas is
used.

U Step 2is the empirical review in the form of interviews with experts of sustainability of supply
chains and with experts of the SCs of pork and le&frazil. This first round of terviews has
the aim of defining those future sustainable situatiagn®© I f f SR W Rfedpdrkiandib®ed, y | NA 2 a
which are the starting point for the scenario development.

U Step 3involves the selection of the sustainability scenarios for beef and piag certain
criteria to combine thedraft scenariogrom the first round of interviews. Step 3 comprises also
the literature review on scenario development, on the global flows of beef and pork meat, and a
brief industry analysis of these two sectors Bmazil (that become part of the background
information). Finally, a literature review to detail the sustainable piees in the selected
sustainabilityscenarios for beef and pork is conducted.

U Step 4entails asecond round of interviewwith the same type of experts of the first round. The
aim is to detail the sustainable practices into concrete actions (as already carried out via
literature), and to assess the selected sustainabildgenarios. This empirical review ends with
the analyss of the results from the interviews and tliesign of the sustainabilitgcenarios for
pork and beef in Brazil.

15



MSc Thesis Designing scenarios of sustainapteduction andlistributionfor the supply chains of beef and pork in Brazil

U Step S5framesthe results. These are in the form of tHanal description of thesustainability
scenarios for beef and pork ird&il. Moreoer, the assessment of the scenarios across the 3P
sustainability indicators selected in step 1 is displayed.

U Step éregards the conclusions of the study. The conclusions entail the reflections and discussions

upon the process followed to evaluate the methodology used. Furthermore, those sustainable
practices thatthe author speculates aapplicable to other cases areestribed Thusthe main
idea of improvement options that they brinig explained The purposeis to point at these
practices ando promote further investigationon the representativeness of their effect toward

an upgrade in the sustainabiliof other supply chains than beef and pork in Brazil.

Step1- Step 2 - Step 3 - Step 4 - Step 5 - Step 6 -
Literature review Empirical review Literature review Empirical review Results Conclusions
1" round of Selection

interviews with
experts

Selection of
sustainability
indicators (across
3P's)

Figure6: Research framework.

sustainability
scenarios

Literature
review to detail
the sustainable
practices in the
selected
sustainability
scenarios

Design scenarios
of improvement
options toward
sustainability,
involving generic
and SCM
sustainable
practices

Final description
of the
sustainable
scenarios for
beef and pork
and sustainability
assessment of
the scenarios

Reflections and
discussion upon
the process
tollowed

Literature on:

Scenario
development
Global flows of
beef and pork
meat

Industry
analysis beef
and porkin
Brazil

2" round of
interviews
with experts:

*  Assessment
of selected
scenarios

* From
practices to
concrete
actions

* Reflections
an discussion
upon the
scenarios
developed

* Selection of
the
sustainable
practices that
can be
applicable to
other cases

Given the nodinear steps of literature and empirical reviews thiatertwine in this thesis, the next
chapter promptly introduceshe methodology. This is meant to ease the readability of thissis

putting forth the methodology ingredients that have been used.

It is relevant to anticipate that the single answersthe four research questionare provided at the
end of the thesis (cher 7) and they will not be dispensed intermediately.
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2. Methodology

This chapter zooms otb the methodology that has beaused in thditerature and empirical reviess

The problem under investigatiazalls for aresearch strategy that emplgythe case study. Thethe steps
wise process to the design of the sustainabilitgnarios is explaine@hapter2.1.1), the methods of data
collection(chap 2.1.2), the data analysi¢chap 2.1.3 and a suksection on the discussiaof the reliability
and validity of this research are providédhap 2.1.4).

2.1 Case study design

The problem of this research is to support Brazifemmers and other beef and pork SC members in their
attempt to inaease their sustainability while raising profitability. This is to be done providing them with
sustainability scenariothat are feasible to implementin order todesign these scenarip& stepwise
approachhas been followed

The literature review is meant to answRQ7, while the case study seeks to ansvR€)2 RQ3andRQ4

The case study is employed becatise supply chains of beef and pork in Bréwle beeninvestigated,
with all the aspects potentially revant to devéop the sustainabilityscenarios starting from the current
sustanable situation.Thus, the beef and pork supply chains in Brazil are treatedaas studiesThe
different sustainabilityscenarios are the different options of sustainability that the twses might follow.

2.1.1 Research steps and key concepts
The sustainabilitgcenarios have beetesigned step by step through a bottom ppocess This stepwise

approach is displayed iRigure7. Every step is then developed further in this ssdrtion with: (i) a
description of theaim and theactivities involved, (ii) the key concepts involved, and (iii) the research
guestion it addressesee RQs inhapterl.2.2.

Figure7: the steps of this thesis.

Research steps Where in the thesis Contributes to RQ
1 Selection of sustainability indicators Section 3 RQ1
2 First round of interviews RQ2
3 Selection of sustainability scenarios Section 4 RQ3
4 Detailing of the sustainability scenarios via literature review Section 5 RQ4
v

3 Second round of interviews RQ4
6 Detailing of the sustainability scenarios via 2™ round interviews Section 5 RQ4
7 Final design of the sust. scenarios for the supply chains of pork and beef in Brazil Section 6

Step 1: the selection of the sustainability indicators
A literature review abouti K Sustadihable developmefhas beenpursued, in order to select a set of

sustainability indicators that are suitable for this study. The literahas beersearched for in the relevant
databases (e.g. Scopus and the university portaljp steps of selectiohave beerfollowed: one to defie
a number of relevant studies aritle successivene for selecting thdinal set of sustainability indicators.
Faurteen relevant studies selectetlave beenelected within the large amount of literature becaudbe
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sustainability indicators that thegropose (i) aresuitable to assess the sustainability of a supply ¢heid

(ii) areorganized according to the 3P areas (Profit, People, Planet, or economic, social and environmental)
The set of sustainability indicatoteas beenselected out of thesdourteen studiesaccording to:(i) the
consistency (number of times) wherewith the sustainability indicator has been mentigmeapplicablity

to supply chainsand (iii) thefit in the 3P areasThose studies specific ftre beef and pdk sector have
been prioritized. Thus, thirteen sustainability indicatbesse beerselected.

Activity in step 1 To obtain Contributes to answering Key concepts involved
. N Set of suitable L .
Selection of the sustainability . Sustainability indicatoin the 3P
- sustainability RQ1 . .
indicators . areas of sustainability
indicators

Sep 2: first round of interviews
The firstround of interviewswvasaimed at: (i) identifying the sustainability indicators (among the selection

made in the previous step) thdtaveto be improved (ii) the identification of future sustainable situations
OUKIG GKS FdziK2NJ OFftfta WRNIFAG a0SyFNA2aQ0 GKFG |
the beef and pork chaingind (iii) identifying the practices involved in the drafieenarios,to picture the
activities that are involved.

All this has beenobtainedthrough eleven interviews with expertsf the Brazilian beef and pork chains.
These experts are mostly from Brazilian Research Institutes and involved in thephleations. A part of

the interviewees comes from the network of the SALSA project, whether a minority belongs to the research
centres of the Wageningen University.

The intervieweesvere asked, first, to identify a number of sustainability indicatout of the thirteen in

the 3P areas. Then theyere asked to describe & dzii dzZNB & dza i | A y drait fsc®nari@hbiatdzl G A 2
might overcomeeach ofthem. Thirdly, theywere asked to mention a number of practices for each draft
scenario to make it applicadl These practices can be generic sustainable practices or sustainable SCM
practices (the intervieweewas asked to specify if generic or SCMhe SCM practicesefer to those
practices that can be recognized as belonging to the SCM areas of competerdectin system (PS),
logistics management (LM), governance structure (GS), and quality managementT{i@édgronymsPS,

LM, GS and QMreused in the proceeding of the thesis meaning the four SCM areas aforementioned.

The intervieweesvere provided, firg, with a semistructured preinterview questionnaire to be filled out
before the semistructured interviewtook place by Skype, phorsll or faceto-face The interviewsvere

meant to clarify and deepen into the anews to the questionnairenlappendixl, the interview document

of the first roundof interviews is available, containing tlpee-interview questionnaire andhe interview
guestions.Chapter2.1.2specifies the data sources and the methods of data collection used in step 2.

Activity in step 2 To obtain Contributes to answering Key concepts involved
Draft scenarios and Draft scenario, generic sustainable practice, SCM
First round of the sustainable generi RO2 sustainablepractice (i.e. in the productiogystem (PS)
interviews and SCM practices logistics management (LM), governance structure (C
involved quality management (QM) areas)

Step 3: Selection of sustainabiliscenarios
The transcripts of the first round of interviewsave beenanalysed and the draft scenariowith the

involvedsustainable generic and SCM practicesg, the outcome of step Step 3 entaéd the selection of
the Wustainabilityscenario® The aimwasto select the sustainabilitgcenaris from the draft scenarios
gathered from the interviews. In order to pursue it, four criteria (chosen by the auther used with the
purpose of making the sustainabiligcenarios fit the definition that they are given in this thesis (see
chapter1.1.2. Thefour criteriaare the following:
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1) Selection of a draft scenario that addresses more than one sustainability indicator:
This first criterion is fundamental, given the definition of scengriovidedin this thess. The idea is
that the benefits of tle implementation of the scenario should cover the 3P areas of sustainability
with less possible anomalous tradéfs among indicators.

2) The number of times that the draft scenario has been mentioned by different respondents
A sustainabilityscenario that is mentioned by multiple experts in the field is assumed more feasible
than others.

3) The number of sustainability indicators addressed by the draft scenario
Thus, the draft scenarios that addresishe largestnumber of sustainabilityndicatorshave been
selected. This number is relative to the number of respondents for beef (eight) and pork (six).

4) The personal evaluation:
Theauthor reservedthe task of overruling, if necessary, the aforementioned three criteria. In case
of this occurence, the author would promptly mention it in the texth@pters4.1 and4.2).

Theresulting sustainabilitgcenarios cover the 3P areas of sustainability, as to fit the definition of scenario
given by this thesidNote that the process of selection of the sustainability scenarios using the four criteria
has been carried out by the author under the supervision of two experts of these sectors and ¢hains.
selection of sustainability scenarios has been tested withraesuon the 2% November 2013 in Argentina
with twenty experts of the beef and pork supply chain Latin America

Activity in step 3 To obtain Contributes to answering Key concepts involved
Selection of the A number of sustainability Selection criteria, chft scenario, generic
sustainability scenari® eachof whichcovers RGB sustainable practice, SCdistainable

scenarios the 3P areas of sustainability practice, sustainability scenarisurvey

Step4: Detailing of the sustainabilityscenarios via literature review
The sustainabilitscenarios selected in step 3 have been turned into a set of concrete actions through a

step of WetailingQvia literature review.This detailing is meant to take the ights from case studies and
other researches in Brazil on how to make the selected practices in the scenarios apphHcadiieally, the

main Internetsourced databasdsave beersearched to detail &h practice of each sustainabiliggenario.

The aimis to detail the scenarios into concrete actions that give specific advices for the implementation of
the scenarios.

Activity in step 4

To obtain

Contributes to answering

Key concepts involved

Detailing of the
sustainabilityscenarios
via literature review

(From the literature) the concrete

actions to implement the RQ

sustainabilityscenarios

Sustainability scenario, detailing,
concrete actions

Step 5: second round of interviews
The second round of interviewgasaimed at: (i) validating the sustainability scenarios selected in step 3 in

terms of feasibility of implementation and sustainable improvement, (ii) assessing the sustainability of each
scenario, and (iii) detailing the practices in the sustainabilithades into concrete actions (to support the

detailing by theiterature review in step 4).

Therefore,fourteen interviews with experts of the Brazilian beef and pork ché&iage been executedAs
for the first round of interviews, the experts wergostly from: Brazilian Researdhstitutes, businesses in
the chainthe SALSA projecind theWageningen University.
The intervieweeavere asked, first, toassess the sustainability scenarios usingpoiits Likert scale for
each of the thiteen sustaimbility indicators Then, the validation and the detailivgere performed The
validationhas beerexecuted byselecting the practices thatere feasible and sustainable for each scenario
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Besides, lte detailinghas beerpursued asking the respondents tivg concrete actions for each practice in

each scenario.

The intervieweesvere provided, first,with a semistructured preinterview questionnaire to be filled out
before the semistructured interviewtook place by Skype, phorsll or faceto-face The interviewsvere

meant to clarify and deepen into the anews to the questionnairenlappendix3, the interview document
of the secondround of intervews is availableChapter2.1.2specifieshe data sources and the method$ o
data collection useéh step 5

Activity in step 5

To obtain

Contributes to

answering

Key concepts involved

Second round of
interviews

Assessment of the sustainability o
the scenarios, validate the selectio
of the scenarios, detail the scenarid

RQ4

Sustainability scenarialetailing,
sustainability assessment, concrete
actions, sustainability indicator, validatio

Step6: detailing of the sustainabilityscenarios via? round of interviews
The second round of interviews hadmong its purposes, the one of detailing thetsinable scenarios into

concrete actions. This detailimgas meant to support the one carried out via literature review. Therefore,
the respondentsvere asked to give a concrete action for each of the practices in the scenarios.

Activity in step 6

Toobtain

Contributes to answering

Key concepts involved

Detailing of the
sustainabilityscenarios via
interviews

(From the interviews) the concrete action
to implement the sustainable scenarios

RQ4

Sustainability scenario,
detailing, concrete actions

Step7: final design of the sustainabilitgcenarios for beef and pork
These concrete actions thdtave been researched via literature review and via the second round of

interviews have been combinedd the final design of the scenarioNo step of selectiohas beerpursued,
since the informationprovided by both the detailing stepmas needed to make the practices of the
scenarios concretely applicable to the Brazilian beef and pork chains. The final product is the description of
the sustainability scenariagp to the detail of the concrete actiorikat they involve.The practices in each
sustainabilityscenariohave beerorganized into®ategories of improvement optiogsin order to ease the
formulation of the conclusions and reveal further insights on ¢bee improvements that these scenarios
would bring.Moreover, the radar plot with the scores (from thepbint Likert scales used in the second
round of interviews) for the assessment of the current situation of sustainability (three experts have been
involved in it) of the general beef and pork chaiisdisplayed, along with the assessment of each of the
scenarios (ex poghe assessment of itpotential future implementation). This is meant to visualise what
would be theleap forward in terms of sustairtlity (across the thirteen indicatorshrought by the
implementation of these scenariospmpared tothe current situation.

Activity in step 7

To obtain

Contributes to answering

Key concepts involved

Firal design of the
sustainability
scenarios

Adescription of the

sustainability scenariog

for beef and pork in
Brazil

RQ4

Sustainability scenario, generic sustainable practic
SCM sustainable practices, concrete actjons
sustainability assessmerit scoregscenario,
categories of improvement optits

2.1.2 Data sources and methods of data collection
According to Verschuren and Doorewaard (2010), there are three different data sources that are used in

empirical research: documents, media, and people. The firsthawe beerused in the literature review in
chaptersl.l, 3 and 5These documents and media are mostly wetsed, in the form of official reports,

databanks and websiteg.g. FAOSTAT and USBA3®

h'y

iKS

2GKSN) KI' YRS

source of informatiorduring the empirichreview, in order to answeRQ2,RQ3 and RQ4The experts of
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sustainability pork sector, and beef sector in Braaik mostly from Brazilian Research Institytastwork

of SALSA project, and the Wageningen University.

The interviewes have beerprovided with, first, a serstructured preinterview questionnaire to be filled
out before the semstructured interview The interviews were meant to clarify and deepen intthe
answersto the questionnaire The procedure for the data gatheg using the aforementioned methods of
data colection is available in appendices 1 and \W@ith the interview document (1) pre interview
guestionnaire and (2) the intervieguestions(for both the rounds of interviews The purpose of the case
study protacol that is seHdesigned by the author of the thesis is to increase the reliability and validity of
the research.

The following suksections are meant to describe the content and the aim of the two methods of data
collection used: the prénterview questionnaire and the interviewlhe validation survey is also presented.

Preinterview questionnaire first round interviews

The goal of the prénterview questimnaire was both to introduce theproject to the interviewee and to
frame the essential infanation thathadto be deepened into during the interview. The laysaf the pre
interview questionnairefor the firstand secondound interviewsare in appendixlAand 3A.

The main purpose of thdirst preinterview questionnaireis reflected by its structure(i) general
information aboutthe respondent, (iij)dentification of a number of sustainabilitgdicatorsto be improved
in the Brazilian or globdleef and pork supply chainand (iii) identification of a number ofiraft scenarios
and thesustainable practiceimvolved(specifying if generic or SCM practices)

Preinterview questionnaire second round interviews

The structure of thesecond prénterview questionnairencompasses{i) generic information about the
respondent (ii) asessment of the sustainabilitycenarios with the use of-points Likert scale§o score
each scenario acroghirteen sustainabilityindicators), (iiiselection of the scenarios tetail, according to
the expertise and th experience of the respondent(iv) selection of those practices that are feasible to
implement and sustainable, an@) the final detailing of the scenariosasking the respondent to turn the
practices in the scenario intmoncreteactions

Thefirst and second roundjuestionnaires are sensitructured, whichconsistof closedended, multiple
choice and also opeanded questions.

Survey

In order to preserve the internal validity of the research, the triangulation of mettmagsbeeremployed.
The preinterview questionnaires and the interviews following them are just part of the diversification of
the methods of data gathamy. A survey is taken up afténe selection of the sustainabilitgcenarios
(before the detail of those scenias via literature review anthe second round of interviews)he survey
was meant to validatethe selection of the sustainabilitgcenarios With the generic and SCM practices
involved) for the Brazilianase considering feasibility of the implementation, and effective esteem of the
improvement of the sustainabilityyn case of a general positive resme to the developed sustainability
scenarios, the authowould have proceededith the detailing of the scenarios.

The selection of sustainability scenarios has been tested with a survey on tHeNBgember 2013 in
Argentina with twenty experts of the beef and pork supply chamLatin America

Interview
The goal of the first and second round interviewss to clarify the responses to the praterview
guestionnaires and to detail them. The interviemas performed with both the interviewer and the
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interviewee usgng the filled in questionnaireThe interview questionsin the first and second roundre
semi-structuredsince they follow the different parts of the two questionnaires (sgmendcesl, 3. The
aim of the first and the second round of interviews is explained in detalapter2.1.1step 2andstep 5

The first round of interviews encompassl 1 interviewswhile the second round léterviews

The following table gives the overview of theentiew schedule This schedule shows the name of the
interviewee, the expertise, the date and duration of the interview, the type of interview (Fidafzee; P:
phone call; S: Skype), the focus on the responses (if on beef, pork or both), and the round of the interview

(1% or 2'%).

N Name Expertise Date and duration | Type | Beef| Pork | Round
1 | Dr. Karel de Greef Animal sciences 8/10/13 (60 min) F X 15T
2 | Davi Bungenstab Beef and pork chains in Brazil 28/10/13 (60 min S X 0]
3 | Cesare Zanasi Rural economics, governance SCs 25/10/13 (50 min S X 0]
4 | Rafael Trueta Santiago Economics, beef sector, animal production and heal| 6/11/13 (45 min) S X R
5 | Isabel Blanco Penedo Animal welfare 16/10/13 (45 min F X X 15T
6 | Pieter Sijbrandij Coordinator livestock program 11/10/13 (45 min S X 150
7 | Rafael Olea Perez Animal productions (pork) 4/10/13 (3hry F X X 1%

8 | Rarahnaz Pashaei Kamal | Sustainability supply chains, beef chains in Brazil 10/10/13 (40 min) F X |
9 | Franco Muller Martins Pork supply chains in Brazil 30/10/13 (70 min F X 1T
10 | John Hermansen Agricultural systems for sustainability 31/10/13 (60 min S X X |
11 | Hannah van Zanten Pork production 4/11/13 (60 min) F X 1™

1 | Gabriele Canali Supply chain management, pork chains 22/11/13 (70 min) S X X 2"

2 | Theun Vellinga Pork chains in Brazil and sustainable development 3/12/13 (60 min) F X X 2"

3 | FrancoMuller Martins Pork supply chains in Brazil 18/12/13 (50 min F X 2"

4 | Niels Halberg Agronomy 25/11/13 (60 min P X 2™

5 | Willem Rijpkema Pork supply chains 10/12/13 (70 min F X 2"

6 | Farahnaz Pashaei Kamal | Beef sector, sustainable supply chains 10/12/13 (40 min) F X 2"

7 | Robert Hoste Brazilian pork chains and sustainable supply chains| 26/11/13 (70 min) F X 2"

8 | Rafael Olea Perez Pork and beef sector in Brazil 9/12/13 (60 min) S X X 2"

9 | Henk Udo Animal science and sustainable development 26/11/1 (70 min F X X 2"

10 | Andre Mancebo Mazzetto | Brazilian beef chains, sustainable supply chains 28/11/13 (70 min F X 2™

11 | RuaraidhPetre Brazilian beef supply chains 29/11/13 (60 min S X 2"

12 | Carlos Tavares de Castro | Brazilian beef, dairgattle 11/12/13 (30 min S X 2"

13 | Mehmet Soysal Brazilianbeef supply chains 6/12/13 (50 min F X 2"

14 | German Borbolla Brazilian prk sector 10/12/13 (60 min) S X 2"

Table3: Schedule of théirst round (orange) and second round (light blirgerviews.

2.1.3 Data analysis

The primary data gathered through the first and the second round of intervieave beenanalysed in
order to design thesustainability scenariofr the supply chains of pk and beé¢ in Brazil.The following
sectionsdescribe how the data gathered from the first and the second round of interwesve analysed,

according to the differet items in the questionnairesThe use of the frameworks is pivotal in order to
analysein a systematic way the information provided during the interviews and to frame as much
information as possible without missing relevant ddg&see appendices 1C, 1D, 3B).3the following

description of the datanalysis of the first and the second rouoflinterviewsrefer to the structure of the

guestionnaire to ease the readability.

Analysis of first round interviews
The framework used for the analysis follows the same order of the questions in the questionhmaire.

chapter 2.1.2 the preinterview questionnaire and the interview questiomgve beendescribed. The
sustainability indicators identified from the respondents (the ones that have to be improved) itwzart
have beencollected and a final averageasmade across all the respondsnto see what indicators have

been picked by me than 50% othe interviewees Those chosen by more than 50% of the interviewees

22



MSc Thesis Designing scenarios of sustainapteduction andlistributionfor the supply chains of beef and pork in Brazil

have beerselected as sustainability indicators to be improved. Themghapter2.1.1 describesfrom the

selection of the gstainability indicators for beef and pork in Brazil, the autbbrainedthe draft scenarios

with the generic and SCM sustainable practiceslved The analysis of the data gatherieds beercarried

out simply organizing the draft scenarios in a tablghwhe sustainability indicatorthey affect and the
respective practices, indicating when the practices are in the four SCM areas (and specifying if PS, LM, GS or
QM).

The successive step invotehe selection of the sustainability scenarios out of tbeaft scenarios
developed in the first round of interviews. Thigspursued as described earlier dmapter2.1.1 (step3),

using four criteria.

Analysis of second round interviews

The aim, the main activities and the research question addressed by the second round inteakgews
explained irchap 2.1.1. Thdrameworks used for the analysis of this round of interviews aspjpendix3.

It is important to anticipate that during thfourteen interviews, the aim of the author was to have at least

six people assessing the sustainability of each of the sustainability scenarios and at least three respondents
pursuing the validation and detailiraf each of the scenarios.

The 5point Liket scaleswere usedto assessthe austainability level of the scenariosacross thirteen
sustainability indicators. Therefore, each scenaafter the assessmenteceival thirteen scores.These
thirteen scores on a-points scalewere obtained after the computation of the average score for that
indicator for each scenario, across all the respondents. For exalegspondents have assessed the
WAYO2YS RAAGNAOdzIA2Y Q AYRAOL (pdiits 2ikert sc#l Fherdf@& thé NA 2
average of the 14 scordms beermade to determine the scorm WAy O2YS RA&AGNAOdziA2Y Q
scenario.The same has been done for that (and each scenario) for the rest of the indicators.

Then the validation step engaged the espondents in selecting the practices that are feasible and
sustainable for each of the scenarios, screening out (with a substantiated justification) the not feasible
and/or not sustainable ones. The analysis entailed screening out those practices teabdwv excluded

by at least 2 respondents. Thenasalso the possibility that practicegere added to the scenarios. In that
case, theywould have beemutomatically inserted in the panorama of sustainable practices.

Thedetailingof the scenarios involved giving concrete actions for each of the practices in the scenarios, to
make the scenarios concretely applicable to the Brazilian case. Therefore, the concrete actions from the
different respondents have been added to each otheridg the analysis of the interviews, without
screening out any information. The detailing, of course, is not embedded in the results for those practices
that have beerleft out from the sustainabilitgcenariogluring the validation

The find description of the sustainabilityscenarios (in the results of this thesis) is the combination of the
concrete actions found via literature review and interviews.

2.1.4 Reliability and validity
The quality of a research is linked to its reliability and validye{je, 2010). Both will be discussed in this

section.

Reliability refers to the consistency of the methods and measures. When the same phenomenon is
repeatedly measured using the same instrument it should lead to the same outcomes, assuming that the
phenomenon itself has not changed (Boeije, 2010). To be sure that this research is reliable, the data were
gathered andanalysed all in the same way, with the usfepre-interview questionnaires anttameworks

for the analysis of the trangpt of the interviews (appendice$ and 3).
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Validity is also an important concept what is linked to the quality of the research. Validity consists of
internal and external validityinternal validitymeans thatthe authorcan be confident thatespondents
describe ad or explain what they had to set out to describe angblain.The results are to be considered
internally valid when no alternative explanations or external variables intervene in explaining the same
results (De Vaus, 2001). Therefore, if no alternattxplanations for the findings are involved, the
conclusions are correct within the research population. The choice of embracing a triangulation of methods
(pre-interview questionnaire, survey and interviews) helps safeguarding the internal validity of this
research.

External validityrefers to whether the results of a study can be generalized beybedspecific research
context (Boeije, 2010). This research is focused on the beef and pork Brazilian supply chains. However, the
author cannot be confident tt the same findings are suitable also for other sectors. Therefore the
outcomes ofthis research project are only extermalalid for the pork and beef sector especially in Latin
America.

The problems related to the reliability of the findings havemeackled as much as possible with the use of

triangulation of methods (prénterview questionnaire, interviews and survey) and sources (people,
documents and media).
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3. The 3P sustainability indicators

Chapter3is pivotal to address the speciftQ1lby means of a literature review:
RQ1 What sustainability indicators (economic, environmental and social) would be best suited to assess the
sustainability of the beef and pork supply chains?

Therefore after a scan of the literature about sustainable developmeat,selection of suitable
sustainability indicatorhas beenmade Eventually fourteen relevant studiesvere selected fromthe
literature. This selectiomvasmade out of all the studies overvieddecause the following fourteestudies

are more suitable to assess, with a set of indicators, the sustainability of a supply chain, instead of, for
example, the sustainable development of a country (as many studies propose). Moreovausthmability
indicators proposed by the selected fourteen studiese organized according to the 3P areas (Profit,
People, Planetor economic, social and environmentat is important to notice that out of these fourteen
studies, therefore out of the fourteen taxonuies of sustainability indicators proposed, a further and final
selection of sustainability indicators in the 3P arbas beercarried out.

The next paragrapldescribes the different taxonomies of the fourteen studies on the indicators of
sustainable development, whilghapter3.2 will deal with the final selectioof sustainability indicators

3.1 Overview of sustainability indicators

The following fourteerstudies selected from the literature available about sustainable development and
sustainability of supply chains enclose the indicators tiete beenselected as the most significant and
suitable for this studychapter3.2). A sum upable is available &@ow, which shows the author of the study,

the sustainability tool developed by the study, the 3P areas involved, the sustainability indicators, and the
corresponding sustainability measures

The table is further described below, along with the substantiation of the final selection of the
sustainability indicatorghat has beerused in the proceeding of this study.
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Author

Sustainability Tool

Categories of
susiainability (3P

Sustainability indicator

Sustainability measures

developed
areas)
Eurostat (2011) Sustainable Climate change and | GHG emissions Projections of GHG emissions, global surface average temperature
development energy Energy dependence Electricity generated from renewable resources, energy consumption by fuel, implicit tax rate on energy
indicators

Sustainable transport

Modal split of freight transport

Energy consumption by transport mode, investment in transport infrastructure by mode

Natural resources

Land use

Forest trees damaged by defoliation

Unilever (2010)

Sustainability
indicators

Reduction of land use

(Hectares used/average local yield suppli€t®ctares used/average yield local country)

Soil health improvement per
hectare

Land used for cultivation or livestock under sustainable practices x proportion of crop bought

Livelihoods per farmer

Income=number of farmers and farm workers in our SC who earn at least the MAX of (minimum wage; g
GDP/capita peagricultural workforce; international poverty line)

Welfare=no. workers w/access to improved housing, improved drinking water, improved sanitation; adv
education or training above the requirements of the fob, to healthcare for themselves and theliefa

Amount of nitrogen lost in the
environment (N lost)

N input inorganic and organic fertilisers (kg/giN output (kg/yr) taken off from the harvested proportion of
the crop

Amount of GHG emitted from

Sum of CO2 emitted + sumMNR0O emitted * 296 + sum of CH4 emitted *23

cropping
OECD (2001) Sustainability Environmental Air quality GHG emissions index and CO2 emissions, NOx emissions
indicators Water resources Intensity of water use=abstractions/renewable resources
Energyresources Consumption of energy resources
Biodiversity Size of protected areas as a share of total area

Economic

Income distribution

Gini coefficients

Produced assets

Volume of net capital stock

Technological change

Multifactor productivitygrowth rate

Financial assets

Net foreign assets and current account balance

Human capital

Stock of human capital

Proportion of population with upper secondary/tertiary qualifications

Investment in human capital

Education expenditure

Depreciation of human capital

Rate and level of unemployment

Callens and Tytecg Sustainability Economic Short term economic Turnover, value added, output, production, resources used as inputs (including recycled panttlietsergy)
(1999) indicators at firm
level Longterm economic Profitability, competitiveness, market shares, product durability, research and development efforts
Social Shortterm social Employment, salaries, labour intensiveness or productivity, injury risk noise, odour
Longterm social Welfare, education, availability of (non) renewable resources (including energy), size (SME vs big), pers
rotation rate
Ecological Shortterm ecological Natural resources, wastes, pollution, transportation modes and distances
Longterm ecological Global impacts, biodiversity, global warming, acid deposition, landscape, ultimate waste disposal, produ
recycling ability
Epstein and Roy | Sustainability Economic Not specified Percentage oupplying companies owned by minority groups
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(2001) indicators at firm Social Not specified % of women (senior position)

level working hour/wages
(GS) cases of bribery

Environmental Not specified Emissions/air (tonnes), discharge to water

Hutchins and Sustainability Social Gender equality Ratio of average female wage to male wage
Sutherland (2008) | assessment tool for Labour equity Ratio of the average hourly labour cost (including benefits and taxes) to the total compensation package
(GS) SCs Healthcare Ratio ofcharitable contributions to market capitalization
Nikolaou and Tsali§ Environmental Environmental Recyclability % of the mass or the volume of a product that can be recycled
(2013) performance Reusability %ofthemassorth@2 f dzyS 2F I LINPRdzOG GKI G OFy 65 NBdzaSH

(GS)

indicators for SCs

Energy consumption

amount of energy that is consumed during the manufacturing of a product

Energy sources

sources of energy that are used e.qg. electricity, fuels

Fresh water use

Quantity of fresh water that is consumed during the manufacturing of a product

Water reuse

% of the volume of water that is reused in the manufacturing processes

Use of recycled material

% of the mass or the volume of raw materials that preducts of recycling processes

Standardization

standardized parts that are used in a product

Disassemblability

easiness to disassemble a product at components level

By-products guantity of byproducts that is produced during the manufacturiofga product
By-products reuse % of the mass or the volume of4pyoducts that is reused in he manufacturing processes
Defects % of the items or mass or volume of end products that is defect

Production waste

appraisal of the waste that [roduced in the manufacture

Biodegradable products

% of the mass or volume of the end product that is biodegradable

Size of the packaging

size

Sorting

how early in the reverse logistics chain the reusable products are separated notheusable ones

Worthy used products

% of used products that is worthy after the sorting

Fuel consumption recovery

fuel consumed duringreight to recovery facilitiesyolume of fuel consumed/item during the distribution to
retailers or consumers

Figgeet al.(2002a)

Environmental
sustainability
indicators in SCs

Environmental

Emissions

Waste

Material input/material intensity

Energy intensity

Noise and vibrations

Waste heat

Radiation

Directinterventions on nature
and landscape

Air, water, soil

Willard (2005)

Sustainability
balanced scorecard
for firms

Economic

Environmental

Social

Not specified

Profits, sales, ROI, jobs created, cash flow

Impacts on air, water, waste, biodiversity, energy use

Product responsibility, community impacts, labour practices, human rights
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Epstein and
Wisner (2001)

Sustainability
indicators

Economic growth and

Economic growth

Company turnover

employment

Social investment

Total annual investment

Employment

Number of fulitime equivalent employees

Social progress

Education and training

Employee days training in a year

Effective protection

Climate change

GHG indicator

of the environment | Ajr pollution Acidic gas emissions, NGQ
Transport Total distance travelled for operational and business purposes
Land use Area of land restored
Figgeet al. (2002b) | Sustainability Environmental Emissions Waste water that leaks from chemical substances
balanced scorecard Waste Residues of dyes

Material input and intensity

Water consumption, use of pesticides and heavy metals

Energy intensity

Energy consumption of processes

Noise and vibrations Not specified
Land use Not specified
Bonneauet al. Economic, Economic Not specified Production costs Selling price Selling price; production costs
(2011) environmentaland " Environmental Manure management Soil index, % spread, % spread on farm, % exported, % treated
Zg'rzg?:n\’;ﬁlézre Animal welfare Mortality Mortality rates (%) as % of birth to weaning, pastaning, fattening, weaning to slaughter, birth to slaughte
indicators SOWs
Edwardset al. Sustainability tool | Economic Economic viability Available income per workgEconomicspecialization rate
(2008) IDEA

Independence

Financial atonomy, Reliance on subsidies

Transferability

Operating capital

Efficiency

Operating expenses=production value

Animal welfare

Welfare quality programme

Questionnaire or monitoring system

Meuwisseret al.
(2013)

Sustainability
assessment
framework

Environmental

Global warming

Global warming potential

Primary energy use

Total energy consumption in each phase

Water deprivation

Multiply the volume of consumptive freshwater by theeighted water stress index

Land use Area used for production of 1kg meat in 1 year
Economic Profitability Total revenueotal operating costglepreciation
Volatility Standard deviation of baio-bar price variations multiplied by square roottohe
Social Feed safety Not specified
Working conditions Not specified
Employability Not specified
Animal welfare CFNYSNB a02NBE G92NBGX ySdziNl 3 o0Sadé aAaddz Gazy
Food quality Questions
Food safety Questions

Table 4. The fourteen studies. From left to

right: the author, the sustainability tool, the 3P area, the sustainability indieatdrehe sustainability measures.
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U Eurostat publishes every two years a number of SustainableeDgment Indicators They are
presented in ten themes: socieconomic development, sustainable consumption and production,
social inclusiondemographic changes, public health, climate change and energy, sustainable transport,
natural resources, global paenship and good governang¢g&urostat, 2011).Froman overview ofthe
indicators involved in these themgshe ones that could beuited are: climate change and energy,
sustainable transport, and natural resources. Tdlenate change indicator is GHG enuoss, the
energyindicator is energy dependence, the sustainable transport indicator is modal split of freight
transport, and natural resources uses land use as indichost of these sustainability indicators are
taken up also in other studies (see DiSano, 2002; ess.co.at Reports, 2013; ECIFM, 2013;
sustainablemeasures.com, 2013; International Institute for Sustainable Development, 1999).

U Unilever (2010) published a repb that summarizesin slightly different categoriesa number of
sustainability indicadrs: reduction of land usesoil hedth improvement perhectare, livelihoods per
farmer, amount of nitrogen lost in the envinment through e.g. fertilizersand amount of GHG
emitted from cropping.

U OECDHAAMO LINRLRASR y20KSNJ GFE2y2Yé& 2F AYRAOF G2
The environmental indicators encompassr ajuality, water resouces energy resources and
biodiversity The economic indicats encompass: incomaistribution, produced asds, technological
change and financial assetsThe human capital indicateare: stock of human capitalnvestment in
humancapital ard depreciation of human capital

i Callens and Tytecd999)proposea classification of sustainability indicators at firm level that ranges
from economic to social and ecological, but the distinction is between the $&ormt and the long
term efficacy. The shoterm economic aspects include: turnover, value added, oytpuoduction,
and resources used as inputs (including recycled products and energy). Theesmosocial aspects
include: employment, salaries, labour intensiveness or productivity, injurymigke, and odour. The
short-term ecological aspects are:atral resources, wastes, pollution, transportation modes and
distances. The lonagerm economic aspects are: profitability, competitiveness, market shares, product
durability, and research and development efforts. The Hergn social aspects are welfaregucation,
availability of (noR) renewable resources (including energy), size (SME vs big), and personnel rotation
rate. The longerm ecological aspects include: global impacts, biodiversity, global warming, acid
deposition, landscape, ultimate waste pisal,and product recycling ability

0 According taEpstein and Rof2001) useful sustainability indicators at firm level are: the % of supplying
companies owned by minority groups, the % of women (senior position), the working hours/wages,
emissions/ai(tonnes), discharge to wateand cases of bribery

(i Hutchins and Sutherlan(008) talk about the sustainability assessment and its importance that
justifies its integration into supply chain decisions. The indicators that they examine are mosly soc
gender equality, labour equity, healthcare, safeand philanthopy.

U Nikolaou and Tsali€013)design an extensive study about the environmental performance indicators
to check the sustainability of supply chains. These environmental performance tordicare:
recyclability reusablity, eneigy consumption, energy sources, fresh water use, water reuse of
recycled materigl standardization, disassemblability, -pyoducts, byproducts reuse, defects
production waste, biodegradable productsand sizeof the packagingNikolaou and Tsaliare also
concerned with transportation and collection environmental performance indicataes:donsumption
sorting, worthy used produd, andfuel consumptio recovery

U According taFigge et al(2002a) the environmental interventions that can be put into practice in a SC
have to do with: emissions (to air, water, and soil), waste, material input/material intensity, energy
intensity, noise and vibrations, waste heat, radiation, and direct interventionsature and landscape.
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i Willard (2005)designed asustainabilitybalancedscorecard fora firm that accountdor the following
indicators in the aras2 ¥ GKS ot Q&Y SO2y2YA0O oalfSas LINE
environmental (impacts on air, ater, waste, biodiversity, energy usegnd social (product
responsibility, community impacts, labour practices, human rights).

U Epstein and Wisn€R001)categorize sustainability indicators as belonging to four categories: economic
growth and employmentsocial progress, effective protection of the environment, and prudent use of
natural resources. In every category there are a number of sustainability indicators. In thbdnest
are: economic growth social invetment, and employmentin the seconahere is: eduation and
training. In the thirdthere are: climate change, air pollution, transpasihdland use In the faurth, the
indicators pointed out are too tailored to the specific case, thus, not suited for the pork and beef chains.

U Figge et aloHnnuo0 GF1S GKSANI Odz2S FNRBY YFILIXILY FyR I
sustainabilitybalancedscorecard that integrates environmental and social issues in the performance
measurement system. The enviroemtal exposures are: emissions, wastaterial input and mtensity,
energy intensitynoise and vibrations, land use, etc.

U Bonneau et al.(2011) describe the difference in performancamong different European pork
production systems, pointing at the economic, environmental and animal welfare rpgafce. The
economic performance encompasses: production costs, selling price, and selling price minus
production costs. The environmental performance encompasses: manure managemen animal
welfare performance encompasses: mortality raés)

U Accordirg to Edwards et al.(2008) a good economic sustainability tool is IDEA (Indicateurs de
Durabilité des Exploitations Agricoles), whoswlicators are: economic viabty, independence,
transferability, and efficiencyConcerning the animal welfare indicesp Edwardset al. recognize
WgSEFINB ljdzt f Ade LINBINFXYYSQ & | 3I22R adzadl Ayl o
friendly and, therefore, sustaifde (with the use ofan assessment tool for monitoring the animal
welfare, e.g. questionriee or monitoring system).

i Ultimately, Meuwissen et al(2013)provide a sustainability assessment framework that encompasses:
environmental, economic and social sustainability concerns. The environmental category of
sustainability indicators comprises: globalmmng, primary energy usecidification, eutropication,
water deprivation, land useand ecetoxicity. The economic category comprises: fiamility and
volatility, while the social category involves: feed safety, working conditions, employalailiiynal
welfare, food quality and food safety

Chapter3.2 deals with the final selection of the sustainability indicators that are suitable for this study,
therefore addressinfRQ1(see chapter 7)

3.2 Selection of sustainability indicators

In order to answelRQJ1 a number of sustainability indicators in the economic, social and environmental
areashave beenselected out of tlke many indicators listed inhapter3.1 This final selection out of the
fourteen studies previously described follows an important critenwhich isthe consistencynumber of
times)wherewith the sustainability indicatdrasbeen mentioned. Moreover, the selection of sustainability
indicators should be applicable to supply chaifisose studies from the beef and pork sector have been
prioritized, using their specificity as an important criterion of select@nally, they should fit in the 3P
areas: economic, social and environmental.

The table belowsubstantiates the selection of the thirteen sustainability indicators out of the fourteen
studies and the many more indicators presentedcimapter 3.1. First of all the suitability for the SC
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assessmenhas beenverified. Then, the belonging to a certain wedifined 3P aredas beenchecked.
Eventually, the number of mentions represedtthe last cut off for the selection of the indicators. In this
context, as apparent from the examination Dable5, economic growthmortality and food qualityhave

just been mentioned once across the fourteen studies. Nevertheless, economic growth is considered by the
author an extremely important indicator when it comes to the assessment of the sustainability of a SC,
while food quality and mortality both comigom studies in thefield of the beef and porkSCstherefore

they are prioritizedThe table below substantiates the selection of thirteen sustainability indicators.

Sustainability indicator Suitable for SCs 3P area No. mentions
Income distribution Yes Economic 3
Profitability Yes Economic 3
Employment Yes Economic 4
Economic growth Yes Economic 1
Gender equality Yes Social 2
Animal welfare Yes Social 4
Mortality Yes Social 1
Food quality Yes Social 1
Food safety Yes Social 2
GHG emission Yes Environmental 5
Energy dependence Yes Environmental 9
Land use Yes Environmental 7
Water resources Yes Environmental 10

Table5: From the fourteen studies to the thirteen sustainability indicators.

The following table showthe final selection of the sustainability indicato(ms the related 3P areay and
the corresponding sustainability measures

Table6: The final selection of the sustainability indicators in the 3P aiad the correspondinmeasures.

Susta|(1ab|l|ty area Sustainabilityindicator Sustainabilitymeasure
oot Qav
1. Income distribution la. Gini coefficients.
2. Profitability 2a. Profits
2b. &les
Economic 2¢.ROI
2d. Cash flow
(P = Profit)
3. Employment 3a. Company turnover
3b. Jobs created
4. Economic growth 4a. Number of fultime equivalent employees
5. Gender equality 5a. Ratio of average female wage to male wage
6. Animawelfare cl® CINXYSNE a02NB dag2NBiGE yS
Social 7. Mortality 7a. Mortality rates (%) as % of birth to weaning, pestning,
fattening, weaning to slaughter, birth to slaughter, sows
(P= People)
8. Food quality 8a. Fpoints Likert scale
9. Food safety 9a. Fpoints Likert scale
. 10. GHG emission 10a. Projections of GHG emissions
Environmental
10b. Global surface average temperature
(P = Planet) 10c. GHG indicator
B 10d. % of suppliers with ISO 1400drtification or equivalent

31



MSc Thesis Designing scenarios of sustainapteduction andlistributionfor the supply chains of beef and pork in Brazil

11. Energy dependence

12. Land use

13. Water resources

11a. Electricity generated from renewable resources
11b. Energy consumption by fuel

11c. Implicit tax rate on energy

11d. Total energy consumption in each phase

12a. Forest trees damaged by defoliation,
12b. (Hectares used/average local vyield suppli¢hgctares
used/average yield local country)

13a. Intensity of water use=abstractions/renewable resources
13b. Quantity of fresh water that is consumed during t
manufacturing of a product

The result ighis set of thirteen sustainabilitindicatorsin Table6, anyof which is divided in a number of
sustainabilitymeasuressuitable for the beef and pork supply chains in Brazil. The sustainabdigators
that belong to the Economa@reaare: income distribution, profitability, employmenandeconomicgrowth.

The sustainabilityndicatorsthat belong to the Social area are: gender equality, animal welfare, mortality,

food quality and food safety. Finally, the sustainabilitg§licatorsthat belong to the Environmental area
are: GHG emission, energy degence, land use and water resources.

After the selection of sustainability indicatosgitable for this study, the first round of interviews has been

performed (seechapter2.1.1). Thus, a humber of drafustainability scenariosave been identified wit
the help ofthe experts. Thesalraft scenarioshave been reelaborated into sustainability scenarios in
chapter 4(addressindRQ3. Moreover, the first round interviews address&02(chap. 2.1.ktep 2.
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4. Theselection of thesustainability scenarios
Chapter4 belongsto the empiricalchapters aimed at ddressing the R®and RQ3
RQ3.What sustainability scenarioare feasible?

According to the data analysis described in the methodology chajpteaper 2), the first round of
interviews has been first analysed usimgp frameworks (appendixl) developed by the authoiOne is for

the analysis of the transcripts, while the other is for the comparison of the singular analyses.

Note that thefuture sustainable situations envisioned Ol f £ SR W R Mid Bubstaati@tédyby Hé 2 & Q0
respondentshave beerhereturned into sustainability scenarios after this selection.

Four selection criteriahave beenemployed, in order toelect from the draft scenaios, a number of
sustainability scenarios that fit the definitionhapter1.1.2) andare feasibleto be implemented in Brazil.

The criteria thahave beerused for the selection are prioritized as folloges explained ichapter2.1.1):

Figure8: the four criteria forthe selection of the sustainabiligcenarios.

; draft The number of times The number of
fi;:t:: :;f;: addresses that the droft scenario sustainability The ersial
——> has been mentioned ~—> indicators ]
more than one ” e by the evaluation
tainability inds by different ressed 4
respondents. draft scenario.

Chapters4.1 and 4.2 concretely apply the aforementioned four criteria for the selection of the
sustainability scenarios to the results of the first rouimterviews {.e. on the draft scenarios)These
sectionsare meant to clarify to the reader and substantiate the final chait¢he sustainabilityscenarios
for beef and porkhat is summed u@nd discussed furthén chapter4.3.

4.1 Selection obustainability scenarios for the Brazilian beef supply chains

From the first round interviews, about seventy draft scenati@ve beenidentified. Thefour criteria
explained inchapter 2.1.1 (step 3)and introduced earliehave beenapplied for the seleddn of the
sustainability scenarios

According to the beef respondentsight in total) to the preinterview questionnaire and interviews, the

draft scenariosthat address more than one sustainabilitpdicator (criterion one) were twelve:
intensification, reduce transport (shorter routes), integrated land use, renew transportation infrastructure,
avoid trade to less strict countries, agrosilvopastoral system, uniform supply through all the year, apply
carcass certification schemes, betteather, fostering local product marketing, transparency in the food
chain,andmix of organic and intensive production systems.

Table7: Application of criterion one for the selection of the sustainability scenarios for beef.

Sustainabilityindicatorsaddressed
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Intensification

Reduce transport
(shorter routes)

Integration of crop
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and animal
production

Renew
transportation
infrastructure

Avoid trade to
countries with less
strict rules

Agrosilvopastoral
system

Uniform supply
through all the year

Apply carcass
certification
schemes

Better leather

Fostering local
product marketing

Transparency in
the food chain

Mix organic and
intensive
production systems

It is apparent that, as they look like, these draft scenadosot fit the definition inchapter1.1.2, since
they do not represent duture picture or future sustainabilitgcenario of a supply chain. Likewise, they do
not address the 3P areas indicators of sustainability, as by definiftoerefore, the other three criteria of
selection are needed to make the selected scenarios fit with the definition provided in thes thdgiout

upsetting the results from the interviews.

The second criterion screed out, along with the third one, a number of draft scenarios. It has to do with
the number of times that the draft scenarios (the aforementioned twelve for beef) have beetioned

and the number of sustainabiliipdicatorsthat each of them addresses. The logic behind these two criteria
is that the more respondents mention the draft scenari@sd the more sustainabilityndicators are
targetedby each draft scenarig}the better the draft scenario is in increasing the sustainability of the chain.
The following table displays the twelve draft scenarios out of the selection with the first criterion to make
clearthe successiveise of selection criteria two and three.

Table8: Readaptation of table For the applicationof criteria two and three

Draft scenarios N 0. 6 | lieltesios Sustainabilityindicator addressed
citations | addressed
Intensification 6 6 Income distribution, GHG emission, land ys®fitability, food safety, energy
dependence
Reduce transport (shorter 5 4 Food quality, animal welfare, GHG emission, energy dependence
routes)
Integrated land use 2 GHG emission, profitability, economic growth, land use
Renew transportation GHG emission, economic growth

infragructure

Avoid trade to less strict 1 3 Food quality, profitability, food safety
countries
Agrosilvopastoral system 2 3 Land use, employment, animal welfare
Uniform supply through all the 1 5 Profitability, incomedistribution
year

Apply carcass certification 2 4 Profitability, income distribution, food quality, food safety
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schemes

Better leather Profitability, animal welfare

Fostering local product Animal welfare, GHG emission, income distribution

marketing

Transparency in the food chain

Food quality, food safety

R R ke
NN W N

Mix organic and intensive GHG emission, profitability

production systems
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reputed needed for the beef supply chains in Brazil by six respondents. Moreover, the potential future
implementation of more intensive production prdes would address sustainabilitydicatorsregarding
economic (income distribution, profitability), environmental (GHG emission, energy dependence, land use)
and social (food safety) concerns. This is surely a good candidate draft scenario to be. éleetel,

looking at the criteria two and three, the choice of three draft scenarios to be leftvasmade. These are:
uniform supply through all the year, better leather, and transparency in the food chain. The reason for this
choice is, apart from thapplication of the criteria that does not have to be merely mechanical, that they
come back in some of the practices of the nine draft scenarios that are left.

Finally, the fourth criterion has been used to come to the sustainability scenarios fofrbspécting the
RSTFAYAGAZ2Y 3TFABSYy 2F WaOSyII NA2QY yiRS{ ®LISNGER2ZSINR v ¢
criterion has beenused by means of a combination of the nine scenarios that remain: intensification,
reduce transport (shorter rods), integrated land use, renew transportation infrastructure, avoid trade to
less strict countries, agrosilvopastoral system, apply carcass certification schemes, fostering local product
marketing, and mix organic and intensive production systems.

A combnation was made within these nine draft scenarios in order to come up with a number of
sustainability scenarios. The rationale underneath the combination of the draft scenarios resides in the
similarity between the practices in the draft scenarios, whiadilitates their implementation.

The result is three sustainabilitgcenarios:intensification of the production system (combination of
intensification of beef production systems and apply carcass certification schewna)production and
sustainable perations(combination of reduce transport (shorter routes) and renew infrastructarg],
integrated land use (combination of integration of crop amimal production, grosilvopastoral systems,
fostering local productmarketing, mix organic and intensive production systeams] avoid trade with
countries with less strict ruleshable9 clearlyshows thatintensification,local production and sustainable
operationsand integrated land useover the 3P areas of sustairikty.

Table9: Find selection of beef sustainabiligcenarios from the interviews.

Sustainabilityindicatorsaddressed

Economic Social Environmental
—
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Intensification
1 Intensification of
the beef
production
systems
1 Apply carcass

certification
schemes
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Local production and

sustainable operations

1 Reduce transport
(shorter routes)

1 Renew
infrastructure

Integrated land use

1 Integration of crop
and animal
production

1 Agrosilvopastoral
system

1 Fostering local
product marketing

1 Mix organic and
intensive
production
systems

1 Avoid trade with
countries with less
strict rules

In order to preserve the internal validity of this study, the fourth criterion has been used under the

supervision of two experts of thesectors and chainsndtwenty experts have validated the selection
Chapter4.3 providesthe comments to the important findings from this selection, by deepening into the

practices that are involved in these three beef sustainability scenarios.

4.2 Selection of sustainability scenarios for the Brazilian pork supply chains

From the first round interviews, about fifty draft scenariaere identified. Thefour criteria have been
applied to the pork draft scenarios to obtain the sustainability scenarios.

According to the pork respondents (six in total) to the-prieerview questionnaire and interviews, the draft
scenariosthat address multiple sustainabilifjpdicators(criterion one)are twelve:integration of animal

and crop production, reduce transport and enhance sustainability of transport, local meat processing and
local raw material purchasing, diversified chains, scaling up, energy neutrality, animal welfare in global
agenda and minimizatio of risk from microbe resistance in humans, use of feed sources not in competition
with human consumption, more sustainability standards to be applied in the supply chain, reuse of manure
to make organic fertiliser and sell it branded, enhance Braziti@mnal market,and use feed suitable for
human consumption and use fepdnt models to monitor impacts.

Tablel0: Application of criterion one for the selection of the sustainability scenarios for pork.

Sustainabilityindicatorsaddressed

Economic Social Environmental
(=
— o
: s 2 |2 2 3
Draft scenarios 5|2 2 o = 2 o e | 4 @
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Integration of animal
and crop production
Reduce transport
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Local meat processin
and local raw material
purchasing

Diversified chains

Scaling up farms

Energy neutrality (e.g
biogas)

Animal welfare in
global agenda and
minimize risk microbe
resistance in humans

Use of feed sources
that do not compete
with human
consumption

More sustainability
standards to be
applied in SC

Reuseof manure to
make organic fertilise
to be sold branded

Enhance Brazilian
internal market (vs
prejudices)

Use feed suitable for
human consumption,
but use feed print
models to monitor
impacts

As for beef, thesustainabilityscenarios for pork have to be selected in a way that they can provide
improvements in all the 3P areas of sustainahilag by definition dhapter 1.1.2). Therefore, the other
three criteria of selection are needed to make the selected scenaries fitith the definition provided in

the thesis,andwithout upsetting the results from the interviews.

The following table displays the twelve draft scenario$ of the selection with the first criterion. These
were subjected to criteria two and three.

Tablell: Readaptation of table 1@or the applicationof criteria two and three.

Draft scenarios N 0. @ | lieltesites Sustainabilityindicatorsaddressed
citations | addressed
Integration of animal and crop 1 4 Economic growth, GHG emission, energy dependence, water resource
production
Reduce transport 1 3 GHG emission, energy dependence, food quality
Local meat processing atatal raw 1 2 Economic growth, energy dependence
material purchasing
Diversified chains 2 4 Income distribution, animal welfare, food quality, profitability
Scaling up farms 2 2 Economic growth, profitability
Energy neutrality (e.g. biogas) 2 3 GHGemission, energy dependence, profitability
Animal welfare in global agenda an( Animal welfare, food safety
minimize risk microbe resistance in 1 2
humans
Use of feed sources that do not 2 7 Land use, profitability, energyegendence, water resources, animal
compete with human consumption welfare, GHG emission, economic growth (no negative effects on other
More sustainability standards to be 1 5 Profitability, animal welfare

applied in SC
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Reuse of manure to make organic

Profitability, GHG emission, energy dependence, income distribution,

fertiliser to be sold branded 5 employment
Enhance Brazilian internal market (v 2 Profitability, animal welfare
prejudices)
Use feed suitable for human Profitability, energy dependence, land use, water, GHG emission, econ
consumption, but use feed print 6 growth

models to monitor impacts

The second and third selection criteria scredmout three draft scenarios: reduce transport and enhance
sustainability of transport, scaling up, and animal welfare in global agenda and minimization of microbe

resistance in humans.
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However, the implementation of the integrated systems would address economic (economic growth), and
environmental (GHG emission, energy dependence, water resources) sustainability concerns. Therefore,
thiswasa good candidate drascenario to be, eventually, elected.
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scenarios for pork, which tackle sustainabilitgicatorsin the 3P areas. Again, the personal evaluation
substatiated in a combination of the nine scenarios: integration of animal and crop production, local meat
processing and local raw material purchasing, diversified chains, energy neutrality, use of feed sources not
in competition with human consumption, reusé manure to make organic fertiliser to be sold branded,
enhance Brazilian internal market, use feed suitable for human consumption whose impacts are monitored
with feed-print models. The rationale underneath the combinationtleése draft scenarios rades in the
similaritybetween the practices in the draft scenarios, which facilitates their implementation.

The three sustainabilityscenarios areintegration of animal and crop production (a combination of
integration of animal and crop production, use fafed sources that do not compete with human
consumption, reuse the manure to make organic fertiliaad use feed suitable for human consumption
monitored with feeeprint models), sophistication (a combination of diversified chains, local meat
processingand local raw material purchasing@nd enhance Brazilian internal marketynd balanced
sustainability (a combination of animal welfare in global agenda and minimize microbe resistance in
humans from use of antibiotics and heavy metals during animal productioth,more sustainability
standards to be applied in the supply chain).
Table 12 displayshow integration of animal and crop production, sophistication and balanced sustainability

cover the 3P areas of sustainability.

Tablel2: Final selection gbork sustainabilityscenarios from the interviews.

Sustainabilityindicatorsaddressed

Sustainabilityscenarios

Income
distribution
Profitability

Employment

Economic

growth
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Integration of animal

and crop production

1 Integration of
animal and crop
production

1 Use of feed sources
that do not
compete with
human
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consumption

1 Reuse of manure to
make organic
fertiliser

1 Use feed suitable
for human
consumption
monitored with
feed-print models

Sophistication

91 Diversified chains

1 Local meat
processing and locd
raw material
purchasing

1 Enhance Brazilian
internal market

Balanced sustainability

T Animal welfare in
global agenda and
minimize microbe
resistance in
humans from use of
antibiotics and
heavy metals during
animal production

1 More sustainability
standards to be
applied in the
supply chain

In order to preserve the internaalidity of this study, the fourth criterion has been used under the
supervision of two experts of these sectors and chaiso in this casewtenty experts have validated the
selection Chapter4.3 furtherexplains the three sustainability scenarios for the Brazilian pork chains.

4.3 Summary of the selection dieef and porksustainability scenarios

In order to have the overview of all the scenarios demarcatesummary tabld€table 13)is provided. The
upper part of the take is describing the sustainabilisgenarios for beefyhile the lower part of the table

the scenarios for pork. The components of the table are: the scenarios of sustainability for thghbeef

and pork(three) chains, thesustainabilityindicatorsaddressed by the scenariand the generiand SCM
sustainableoracticesinvolved in the scenaridvoreover, the practices that are recognized as SCM practices
bring the coding of the area of supply chain managemeay thelong toproduction systemRS, logistics
management (M), governance structur€éGS, or quality management@M).

The single practices are habmmented here, nevertheless they are displayed in tal8eand further
investigated indepth inchapter>.

The threebeef sustainabilityscenariosthat have been selected using the selecticniteria described in
chapter5.1 are the following:

Intensificationis the first scenarioSix out of eight interviewees have mentioneddtring the first round
interviews. Thenumber of sustainableindicatorsaddresseds seven:income distribution, GHG emission,
land usegenergy dependencegrofitability, food safety, andood quality.
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The twodraft scenarioghat have been brought together in this sustainalildcenario are: intensification

of the beef production systems and apply carcass certification schemes. These bring about, to make this
scenario applicable, a number of practices. The sustainable SCM practices for this scenario belong mostly to
the producion system practices, but also in a minority of them, to governance structure and quality
management system.

Local production and sustainable operatiorzidresses six sustainabilitydicators food quality,animal
welfare, GHG emissioanergy dependencesconomic growth, anémployment.

Thedraft scenarioghat have been cotnined to design this sustainabiligcenario are: reduce transport
(shorter routes) and renew the infrastructure. This susdility scenarioinvolvescertain practces that,
according to the analysis and the responses of the experts, belong to the logistics managememe&CM
Theintegrated land useis the third sustainability scenario for beef Brazilian supply chains. This scenario,
according to the respondentaddresses nine sustainabilitydicatorsin Brazil: GHG emissioprofitability,
economic growthjand useemployment,animal welfare income distributionfood quality andood safety.
Thedraft scenarioghat are combined in this scenario are: intedaatt of crop and animal production, the

use of Agrosilvopastoral system, fostering local product marketing, mix organic and intensive production
systems, and avoid trade with countries with less strict rules. The SCM practices among the various
practices that are to be employed in this scenario are mainly belonging to the production system area of
SCM, and some others belong to QM, GS, and LM.

The threepork sustainabilityscenarioshat are elected using the four criteria are now described according

to the categories iMablel3, thathave been mentioned at the beginning of this section.

The Integration of animal and crop productioris one of the threescenarios The application ofthis
sustainability scenario to the Brazilian case, in accordance to the respondents, would address nine
sustainabilityindicators economic growth, GHG emissioenergy dependencewater resourcesanimal
welfare,profitability, income distributionemployment, andand use.

The draft scenarioghat have been brought about from the experts, which have been combined in this
scenario are: integration of animal and crop production, use of feed sources that do not compete with
human consumption, reuse of mare to make organic fertiliser, and use feed suitable for human
consumption monitored with feegrint models. All the SCM practices that are mentioned by the experts
belong to the production system area 8CM

Sophisticationis another sustainabilitgcenario for pork supply chains in Brazil. According to the experts, it
would address six sustainabilitydicators income distribution,animal welfare,food quality,profitability,
economic growth, ananergy dependence. Theraft scenarioghat have b&n combined in this scenario

are: the establishment of diversified chains, local meat processing and local raw material purchasing, and
enhance Brazilian internal market. Among the practices, the quota of SCM practices is low, since just a few
practices pinted by the experts are SCM practices. Those few ones are mainly production system practices.
Balanced sustainabilitys the last sustainabilitgcenario for pork. The implementation of this scenario in

the real life situation of the Brazilian pork supplljains, according to the experts, would address five
sustainabilityindicators GHG emissiomnergy dependencegrofitability, animal welfare andood safety.

This sustainabilitgcenario is designed starting from tvdoaft scenariosanimal welfare irglobal agenda

and minimization of microbe resistance in humans from use of antibiotics and heavy metals during animal
production, and more sustainability standards to be applied in the supply chain. As for the former scenario,
not many SCM practices aregsent, and they are mainly belonging to production systems and quality
management areas of SCM.
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Many practices in the six sustainabilitgcenarios just listed are recursively the same. This aspect is
interesting to be investigated further in the next chiaps and to be the object of the discussion at the end

of the thesis upon the applicability of these practiceddod chains other than beef and pork in Brazil. The
existence of these common practices across the scenafibgo different chaings the poduct of the four

criteria of selectionto obtain the sustainabilitgcenariosHowever it is reasonable to expect a pattern of
sustainability improvements that are less chapecific.

The potential validity mistakes that could be brought about by the selection steps of the scenarios are
levelled off by a survey thatas been performed in Argentina among 20 beef and pork sustainability
experts (see methodologychapter 2.1.2). These expés had the task to evaluate the sustainability
scenarios oriheir feasibility (on the feasibility ahe practices involved Moreover, theyhave been asked

to give a score to evaluate the potential increase in sustainability that the application of shesarios to

the Brazilian case woulgrovide(seethe form in appendi®).
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The following table wraps up all the information describectiapters4.1, 4.2 and4.3. More literature

study, based on these results, as well as a second round of interviereneeded for the detailing of the

selected sustainability scenarios. Thithis aim ofchapters5 and6.
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Sustainability scenarios

Sustainabilityindicators

addressed

Sustainable generic/SCM practices

Beef supply chains

Give importance to welfare considerations (i.e. more shadow for beef).

Fortification of the graséPS).

Nutrient recycling RS).

Localfeedstuff supplyGS, PS).

Use grain(bought from another arepinstead of grazing ges, and extra feed in dry seasdi®S).

Improve the feeding technologies (better feed, slaughter the animal when younger, less emig3@hns) (

f Income distribution Improve grass and land magement (farm maagement techniquegPS).
Intensification ' GHG emission Optimization of animal slaughter aged valorise the productshen it comes from young beéPS)
1 Intensification of the beef 1 Land use @R ISNY I yOS aeadSy O2dzZ R &aiA Yoeke opsdatianemonzéficiedg.{ Qa 2
production systems 1 Energy dependence HACCRystem QM).
1 Apply carcassertification 1 Profitability Genetic improvement of animals and fe@RiS).
schemes 1 Food safety Makethe farms more efficient
f  Food quality Efficiency ation planat the farm
Mix of organic and intensive beef production systeRS).
Use concentrated fee(PS).
Pay according to classof quality.
Usetags to check sanitary status of herd, transportation following the limits (no. heads) set by th@Naw.iA).
Monitoring sysems especiallyhere preventive antibiotics are not allowe@, LM).
Documentation system with farmers registering operatigdgscument practices)dgMm, LM).
1 Food quality Local slaughtering. _
1 Animal welfare Il:oca: ;negt prfc?cessulwg.
. . - ocal feedstuff supply.
Local productmn and sustainable T GHG emission, Improve sustainable transport (river, low impacting vehirdsl support sustainable beef production systernisl).
operations 1 Energy dependence E ; ; i
. xpand the transportation network, but with the use of sustainable moti.(
T Reduce transport (shorter routes | Economic growth Improve legslation on live animals transport and slaughtering welfare, support investments in modern véhM)es
1 Renew infrastructure 1 Employment P latic . por g 9 » SUPP
pioy Improve education on relation between animal welfare and meat quality.
Pay price according to meat quality.
Integrated land use 1 GHG emission Nutrient recycling RS).
1 Integration of cropand animal 1 Profitability Improve research on mixed beef production systems (alternative to extensive).
production f  Economic growth Increase the research on organic and other sustainable beef production technical development (e.g. agrosiblof
1 Agrosilvopastoral system M Land use systems).
 fostering local product marketing 1 Employment Use of more balanced production systems (soy, cornBradhiaria) to avoid the cattle weight drop because of the
f Mix and intensive production 1 Animal welfare dry period PS).
systems 9 Incomedistribution Improve grazing techniques (more intelligent grazing techniques).(
1 Avoid trade with countries with | § Food quality Increase differentiation in quality bytroducing more labour intensive and quality enhancing production gsees
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Pork supply chains

less strict rules 1 Food safety (e.g. certified beef)
Perform toxicological integrative studies agro-systems
Ensure optimal conditions for animal transport, shortening distance on animal transportatibn
Invest in local roads and agroindustry (e.g. mills, pasteurideig) PS).
Give support, subsidies to farmers to increase their profitability, so that they can invest.
Government should bear for the construction of infrastructure (lot of dirt roaatsyl build insemination centee
Subsidise lcal production to be more seffufficient and place on the market the locally produces goods.
Tailoring feed regimes of extensive farm system to a more intensive re§isje (
Use concentited feed(PS).
Monitoring systens especiallyhere prevenive antibiotics are not allowed
Fair trade initiativesndinformation campaigns in China and India to sensitise about sustainability in beef chains
(increase public opinion about sustainability).
Push on politicgbarties to establish more sustainabilityiented regulations and enhance the entry barriers for
supplies GS).
Establish a worldwide quality and sustainability standard (focus on food security and food safety).
Regulation level has to be higher, to complith international levés of quality(GS, QM).
Integration of animal and crop Nutrient recyclingoetween agricultural sectors
production 1 Economic growth Invest in meat quality and traceabilit? §).
1 Integration of animaland crop | 1 GHG emission Make sure that the animal feeid not in competition witlfood intended for huma use (use byroducts.
production 1 Energy dependence Use fertilisers made from manur§).
1 Use of feed sources that do not | § Water resources Invest in biofuel production frorthe process of manure into energy and thefmpduct can still become a fertiliser
compete with human T Animal welfare (PS).
consumption f  Profitability Use DSS and models to optimize the nutritional value of the feed ingredient on cost priaeiara performance
f Reuse of manure to make organ § Income distribution (using%of by-products in the formula)RS).
fertiliser 1 Employment Mix manure with straw to have a fertiliser and sell it brand@&}.
1 Use feed suitable for human 9 Land use Use a feeeprint model (optimize each ingredient on €€&yuivalents of the feed production, maintaining the

consumption monitored with

feed-print models

expected animal performance high)g).

Sophistication
9 Diversified chains

1 Localmeat processing and local
raw material purchasing
1 Enhance Brazilian internal markg

=A =4 =4 -4 -4 -4

Income distribution
Animal welfare
Food quality
Profitability
Economic growth
Energy dependence

Switch from commaodity system to a more diversified pork se¢¢.g. theKDRchains).

Operational excellence and scale increase.

Create new niches.

Better outdoor access (housing).

Genetic improvementRS).

Different nutrition (more responsible), recognizable with claims on a label.

The independent producers should offerom for new systems of coordination and create niche masket
Local slaughtering.

Local meat processing.

Local raw material purchases.
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Local feedstuff supply (% of money that is produced locally and retained internally should be higher).
Nutrient reg/clingbetween agricultural sectors

Invest on meat quality and traceabilitP ).

Improve manure management (make energy out of manure) and methanePse (

Ensure short commercial channels.

Make pressure on these supply chains to establish sustaimdditas and standardsGg).

Campaigns to sensitise people (versus prejudices about pork meat as fatty and unhealthy).

Balanced sustainability

il

Animal welfare in global agenda
and minimize microbe resistance
in humans from use of antibiotic
and heavymetals during animal
production

More sustainability standards to

be applied in the supply chain

=A =4 =4 -4 4

GHG emission
Energy dependence
Profitability

Animal welfare
Food safety

Biogas investment to make energy for the feed mdtss¢benefit analysis oselfsufficiency in energy usep§).

Mix manure with straw to have a fertiliser and sell it brand&),

Adapt the system into more anim&riendly, especially at the housing.

Invest in manitoring system in SC to managesidues and about thantibiotic resistant bacterigQM).

Establish new sustainability standards to be appireBrazi(GS, QM).

Campaigns to sensitise people (versus prejudices about pork meat as fatty and unhealthy).

Minimize risk of development of microbe resistance ofrtan in the chains (exposure to antibiot&sistant bacteria).

Tablel3: Final selection of theixsustainabilityscenarios for tk pork and beef. Thiable displays: the sustainabiliscenario, the sustainability indicators addressed and the
sustainable generic and SCM practices invalved
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5. Detailing via literatureand empiricalreview of the sustainability scenarios
Thischaptercontributes to addresRQ4

RQ4.What are the sustainability improvement options that, from a certain level of sustainability, bring to a
future desired level of sustainability in these chains?

This detailing via literature review is meant to take theights from case studies and other researches in
Brazil on how to make thselectedpractices in the scenarios applicable. Therefore, the practices for each
of the six scenariowere searchedor in the literature. These concrete actiortbat the literature provides
have beerused inthe final design of the scenarios, when combined with oimesfrom the second round

of interviews (seechapter2.1.1). The tables that summarise the detailing of the practices via literature
have beenenriched with the insigis from the second round of interviews. This is done for all the
sustainability scenarios further described in chapter 5, in order to detail those practices for which no
concrete action was found in thierature (bold and italics text in the table$4 to 19). Therefore, the
complete list of detailed practices from the literature review isgented, along with part of the detailed
practices through the interviews. The complete list of concrete actidrtainedthrough the secad round

of interviewscan be found in appendik.

Chapter 5.3 synthesisavith a Sustainabilityscenarioframeworkall the findings that have been collected
so far, structuring them to ease the formulation of the results (chapter 6).

5.1 Beef supply chain sustainabiliscenaros

According tochapter4, the results othe first round interviews ar¢hree sustainability scenarios for beef
and three sustainability scenariésr pork. This section deals with tlietail, or the put irio practiceof the
three sustainabilityscenarios identified for thdrazilianbeef supply chains, namelintensification local
production and sustainable operatioaadintegrated land use

5.1.1 Intensification

The concrete actions: farmland management and tradability improvements
There areeasors to believe that the traditional livestock system deteriorates the landscape over Tinie.

comes fromthe evidence that avoiding the intensification of production systems there is no increase in
income and reduction of deforestationCépentier et al, 200J). In this thesis, the definition of
AYUSYaArAFTFAOrGAZ2Y AAY Gl R2LIGAZ2Y 2F OF G0t S CaupeRi®dzOG A 2
et al, 200). This is achievable with a nuetbof herd managemenand pasture managementractices

that do not have to do with enlarging thkeerds (e.gan increased amount of inputs purchased from
outside the farm and an improved genetics of the animals and)feed

According toCarpentieret al. (2001) the legumebased pasture is an alternaéd more intensive feed for
animals. Improving the fencing, improving breed of cattle, purchasing inputs, improving animal husbandry
techniques, providing mineral salt and elephant grass (green chofeirdry season, increasing the
number (and doses) antype of vaccinations are all needed practices. Moreover, the rancher has to
manage herd more intensively to express its potential. To do so, the increase in capital and labour are
required to adopt the technologies needed for the upgrade. Furthermoreuch san evolved system,
registering information of pasture costs and operational costs becomes fundamental.

According to Muchagata and Brown (2003), pasture management is the key to make the intensification
successful and sustainable in the Brazilian supiplyns.

Peterson and Gerrish (1998)k about the importance of nutrient recycling for the soil. The shade and
watery locations in the pasture are the places where the animataté#s N and P while campingince
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these are the places where they defecate and urinaReterson & Gerrish, 1995Thus, the design of a
grazing system more intensive that uses paddogkh a certain stocking rate, rotation frequency, water
access may give uniform payback of nutrients from taétle excrements. The use of grdsgume mix
feeding is helping the fast digestion (use of legumes swards) and improves litter quality-legrase
pastures should includBesmodium ovalifoliugmArachis pintgiPueraria phaseoloidesind Calopogonium
mucunoides combined with differenBrachiariatypes {/endraminiet al., 2007). According tovendramini

et al, moving shades and watery points helps nutrient distribution to the soil and its efficiency in more
limited plots of land like in more intensiveystems. Fortifying the soil mesofauna may increase the
efficiency of nutrient recycling. The manure beetles (from Scarabaeidae family) and earthworms
(Lumbricidae familywvould help the mineralization and decrease ammonia volatilization.

A successful casgtudy in Mato Grosso
The case study about a successful lsgale beef producer in Mato Grosseveals that theLINE R dzO S NI 3

investments inpasture management, staff knowledge and animal welfare helped increasing productivity
without erasing more natural resources like lafd/SPA, 2012)This producer employs mostlihe
manpower available from a local village, thus retaining the local

workforce. The use of the Animal welfare plan, in the case stbdg, | A case study in Mato Gross

been a successful choice in terms of safety of the workforce and of 1 NEBEOSIfa (K
animals The introduction of a pen and corral sagime when investments in pasture
vaccinations and transport have to be performed (WSPA, 2012¢ management, staff
ranch under case study also implements rotational approach for crc knowledge and anima

and uses grass species to help a high performance grazing sys welfare helped increasing
Moreover, the individual identification system employed at the farr | productivity withouterasing
allows for the total traceability from birth tthe abattoir (WSPA, 2012). | more natural resources like

The increase in the quota of arable land used to produce feed crops land (WSPA, 2012
cattle allows for a more efficient diet for the animals. The extra fee

throughout the dry seasohelps toavoid starvation in the herd, along

with shade ad freshwater available during the pasture. The compliance to a number of certification
standards that ensure animal welfare at therfais needed The compliance with GLOBAL GAP is another
transit channel to more sophisticademarketplaces and retailerghe training to the workers especially
about the behaviour of cattle is another important component. The efficiency of grouping the herd is both
given by the training to ranchers abg the use of fence§/VSPA, 2012

Additions from the second rounihterviews
According to the interviewees in the second round of interviews, the stimuli from the government in order

G2 KIFI@S TFTFENXYSNB dzaAy3a 5{{Qa ¢2dzZ R YI1S GKS 2LISN
LI RR2 01 Qa 2 LISNJI i #dReéping shoutd BSiNBaEe2aNGIts ustldhaurl be rewarded. The
HACCP system should be in place through all the chain and it should be nationally promoted. The use of
HACCP system should be a criterion of selection of feed suppliersimportant practte to foster
intensification of beef supply chains is the improvement of the genetics. The respondents underlined the
importance of suiting the genetics of the animal to the system, depending on the market of reference.
Artificial insemination shouldecome the harmonized system to standardise and improve the animal
38ySiA0ad 'faAYIGStes LFeAy3d GKS YSIG FOO2NRAYI
defined by a governmental actioifhere is the need of a marketing research to ustierd the market of
reference and the establishment of a system (ex post the definition of classes of quality and related
production protocols) to monitor the operations.
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The following table reelaborates thedetailing of the practices Theconcrete acins for those practices

that have not been detailed through literature apeovidedfrom the second round of interviews. They are
presentedwith bold and italicgext in the table(the sames donefor the next five sustainabilitgcenarios).

Along with poviding extra information, the second round of interviews has also contributed to validate the
sustainability scenarios selected and eventually screen out practices that are not feasible and sustainable
(this has been specified in tables 14 to 19).
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Sustainability scenario

Generic/SCM practices

Detailing fromliterature andinterviews

Intensification

il

il

Intensification of the beef

Give importance to welfare considerations (i.e. more shadow for
beef).

Implementation of an animal welfare plan at the ranch (e.g. use of white flags to 1
the herd moving).

production systems
Apply carcass certificatior
schemes

For intensification, there is the need of more nutrients in the grag
changethe grass, but then biodiversity changes, or use inputs to
make grass more nutritiou®g).

The use of gradegume mix feeding.

Nutrient recyclingRS).

Uses paddocks. Fortify the soil mesofauna. Use manure beetles and earthworms

Local feedstufsupply GS, PS).

Thesecondround interview respondents have eliminated this practice.

Use grain instead of grazing grass (better weigh conversion) for
intensification, along with giving extra feed, grain (bought from
another area) PS).

Pasture management, diet supplementation in the dry season. Use rotatig
approach for crops and use grass species to help a high performance grazing 9
Thesecondround interview respondents have eliminated this practice.

Improve the feeding technologiébetter feed, slaughter the anima
when younger, less emission®S).

Increase the quota of arable land used to produce feed crops for cattle. Give
feed throughout the dry season, shade and freshwater available during the pastu

Improve grasand land management (farm management
techniques) to improve production®§).

The legumebased pasture is an alternative more intensive feed for animals.
Improve the fencing, improve breed of cattle, purchase inputs, improve an
husbandry techniques, rpvide mineral salt and elephant grass (green chop) in
season, increase the number (and doses) and type of vaccinations.

Improve land management and valorise the products when it co
from young beef (underline the importance of slaughtering youn
animals)

Improve the fencing, improve breed of cattle, purchase inputs, improve an
husbandry techniques, provide mineradlisand elephant grass (green chop) in ¢
season, increase the number (and doses) and type of vaccinations.

The rancher has to manage herd more intensively to express its potential. The in
in capital and labour.

Governance system could stimulagét dz& S 5{ { Q& 4
make operations more efficient (intensificatiol3$, PS).

Record keeping to improve information flow in the chain (transparency). Use exis
tools on grassland management to follow the paddock operations. Evaluation at
end and employ corrective plans. Reward farmers that use DSS (proceg
slaughters, retailers)

10. HACCP syster().

Farmers and other SC actors should have HACCP systems in place (subsidies f
farmers to stimulate). It requires traceabilityRequire that the supplier of feed ha
HACCP system implemented. Implement HACCP nationally and impose it to
member of the beef chain. Establish a national campaign to promote its use.

11. Better geneticsRS).

Selection, crosbreeding, artificialinsemination. Suit the genetics of the animal {
the system, depending on the market of reference.
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12.

Make the farms more efficient (efficiency just at economic level,
e.g. DEA sustainability indicators).

Employ local manpower. Introduce a pen and corha¢rease in the quota of arabl
land used to produce feed crops for cattle. Train the workers especially abouy
behaviour of cattle. Legumeased pasture.

13.

Action plan according to the productive efficiency of extensive fa
systems (including organiarming).

The increase in capital and labour.

14.

Mix of organic and intensive beef production syster®S)(

Thesecondround interview respondents have eliminated this practice.

15.

Use concentrated feed not to have the animal prone to disease
because iruns out of energy (also better conversion of carcass)
(PS).

Thesecondround interview respondents have eliminated this practice.

16.

Pay according to class of quality.

Governmental action to define precisely the quality classes, and to establish a sy
(protocols to be followed) to monitor it. Make market research to understand t
market of reference.

17.

Use tags to check sanitary status of herd, transportation followin
the limits (no. heads) set by the la®@§, LM).

Individual identification system enipyed at the farm allows for the total traceabilit
from birth to the abattoir.

18.

Monitoring systens especiallywhere prevenive antibiotics are not
allowed(QM, LM).

Individual identification system employed at the farm allows for the total traceah
from birth to the abattoir.

19.

Documentation system with farmers

(document practices)@M, LM).

registering operatig

Register information of pasture costs and operational costs.

20.

Apply carcass certification schemes.

Comply with carcass certificati@miandards and with GLOBAL GAP.

Tablel4: Detailingof the practices of sustainabiliscenariolntensificationof beef supply chains in Brazil.
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5.1.2Local production and sustainable operations
The GHG emissionas Brazilare high on global average, because of thdensive beef production systems

and because of # deforestation of the Amazorkenleyet al. (2007)describe that in the states of Mato
Grosso and Para there is an extensive transgtioh network that is quite effective for the logistics of the
low-added value but high weigh volume Brazilian commodities like agricultural products and beef cattle.
Therefore the next step should béhe promotion of alternative sustainable modes like riveatys and the
expansion of therailway andairline networls (Fenleyet al, 2007. Air cargo carriers are considered a
sustainable mode, especially in the Amazonas state of Brazil. Air transpdtApRpS a  G-gosta (i
O2yySOiAz2ya oSis FSigyetamlS OO NeSdrthelsh, iehndtdiré of the commodity
product beef cattle facilitates road transportation.

Going into the detail of the transportation traits, there are mainly two segta in a general beef supply
chain: from the ranch to the slaughterhouse, and from the slaughterhouse to the port (in case of exports)
(Cederberget al,, 2009).In both of them the most common freight mode is the trudkolding transporters

and producersaccountable for losses helps the sustainability of transp8ra(din & Gallo, 20Q7Grandin

and Gallcstate that the payment system should be changed, since transporters are now paid according to
the number or the total weight of the truckload. Theredoithere is no incentive in the form of payments

that rewards a more sustainable transport that avoids bruises and stress for the adnaald{n & Gallo,

2007). Therefore, the space for the animal in the trucks tmbe increased to have less bruises thanks to a
better level of handling and transporfAnother important aspect is to make a selection of those animals
that are fit enough and healthy enough to survive transportation, avoiding the load of weak and debilitated
ones. Therefore, following the OIE animal welfare guidelines (that specify the animals unsuited for travel) is
needed (OIE, 2005).

The outlook ofGrandin and Gallanderlines the importance of a good driver training (to acquire a suitable
driving behaviot), and the frequent maintenance and cheaj of the vehicles.

According toGrandin and Gallo (200730me other basic principles of sustainable transport involve: rest
stop requirements (extending the strict EU requirement, no more than 14 hours of
travel, with longer trips that require at least 1 hour rest and water supply

stressors during handling and transportation (good ramp design to load and unl i::;ﬁ It?]idr':agirl]s
which is the main cause of stress). In Latin America there are no obligations sut cause of this
rest-stop requirements. The stocking density should be kept lower than 400 kg/I| stress (Gradin &

and some distanceshould becreatedin the truckto separate the animals (e.g. Gallo, 2007)

through fences) andvoid injuries and bruises.

Comodality, as the optimized combination of different transport modes in the supply chain motion of
goods is a sustainable solution for the future. Indeed, the transport modes should be renovated; therefore
investments in technical inn@tions should be in place. The use of alternative fuelling facilities for trucks is
equally important. The EU suggestsrely on the Sustainable transport toolbox, which is a program that
works as a guideline for sustainable transport (passenger amghtig EU, 2013).

A case study in Sao Paulo
In the state of Sao Paulo, a large beef producing state in Brazil, the infrastructure is devetbpesfpre

presenting a shorter distance between ranch and abattGederberget al, 2009). The calculateaverage
distance is 20lm, whilst the average distances in the rest of Brazil are higher. In Braziotm network

counts 1.6 million km (1.3 million km municipal roads, 210 000 km state roads and 73 000 km of federal
roads) (Cederbergt al, 2009) ard about 70% of those roads are in sufficiggdor conditions.Conversely,
Fo2dzi pm>: 2F GKS NRBFRA AY {2 tldzZ2 INB fl106StftfSR
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2N A GSNE L2 Dike at e sfaRghtérAtBeyadidals are meantrést 24 hours before being
slaughtered according to the Brazilian lai@€ederberget al.,, 2009).

From the abattoir to the port, the meat is transported into trucks with a refrigeration system installed, and,
according to Cederberet al, 45% of these trcksin Sao Paultelong to the slaughterhousggasing the
monitoring of the freezing systems)ypically, these trucks allow the transport of 20 to 30 tonnes of meat
each loado the Brazilian portgthe mainports are Santos, Rio Grande, Antonina, IbéyParanagua, Rio

de Janeiro Sao Francisco do Sul, Vitoria, Sepetiba and Salf@dderberget al, 2009).The average
distance between the slaughters in Sao Paulo and the ports is about 400 km, way less than the esteem of
the average distances from the slaughterhouses in other regions of Brazil.

Additions from the second round interviews
Two sustainable praides are detailed though the insights from the interviews, since the case studies from

the literature reviewed lacked of concrete actions for those practices. According to the respondents to the
second round of interviews, the local meat processimyld be beneficial for the sustainability of the beef
chains in Brazil. Therefore, it has been suggested to propose the merge of the processing and slaughtering
activities in the same location (vertical integration), prior the assessment of the economic yiabilitis
investment The supply of local feedstuff is another important practice that the respondents would make
applicable by mixing crop and livestock productions.
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Sustainability
scenario

Generic/SCM practices

Detailing fromliterature andinterviews

Local production and
sustainable
operations

il

il

Reduce transport
(shorter routes)
Renew
infrastructure

1. Local slaughtering. The development in infrastructure (e.g. in Sao Paulo).
2. Local meat processing. Meat processing performed ahe same location of the slaughterhouse (vertical integration) or keep processing
EU.

3. Local feedstuff supply. Mixed crop livestock productions.

4. Improve sustainable transport (river, low Use of alternative sustainable modes, e.g. riwetys and air cargos. Monitor refrigerated system (slaughter
impacting vehicles) and support sustainablg trucks. Promotion of canodality. The transport modes should be renovated.
beef productionsystems [(M).

5. Expand the transportation network, but with| Extension of the infrastructure to facilitate trade (stepse renovation plan).
the useof sustainable moded M).

6. Improve legislation on live animals transpor{ Avoid overstocked trucks and separate the cattle in the truck.-BRegt requirements, use stressors during handl
and slaughtering welfare, support and transportation. Stocking density should be lowearii00 kg of live weight/?m
investments in modern vehicles (trucks and| Hold transporters and producers accountable for losses during transportation. Follow OIE animal welfare gu
boats) for animal$ransport (In order to during transportation. Rely on the Sustainable transport toolbox (from EU).
invest, the returns for the farmer have to be
higher) LM).

7. Improve education on relation between Training (e.g. aided by government) for drivers (e.g. on handling and driving behaviour). Frequentiloédke
animal welfare and meat quality. vehicles.

8. Pay price according to meat quality. Change paymergystem, no more according to the number or the total weight of the truckload. Establish ince

(i.e. payments that reward a more sustainable transport).

Tablel5: Detailingof the practices of sustainabiliscenarioLocal production and sustainable operatiafideef supply chains in Brazil.
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5.1.3 Integrated land use

¢tKS O22NRAYFGSR FNIYSE2N] 2F OGAGAGASE Ay |y Ay
compong/ i’ aSNIWS |a NBAaA2dz2NDODS F2N) 6KS 20KSNE OLC! 53
production, while crop production byproducts are used as feed for animals, to tap insufficient feed
supplies (IFAD, 2010). This mixed farming concept is the widsly used in the livestock sector. The
manure from animal production improves nutrient recycling (since it contains N, P, K) and is often used for
the production of biogas (e.g. used instead of wood) and energy (saving service costs at the farm, e.g.
wail SNJ LJdzYLJAQ SySNHeO0 O6LC! 53 wnmnlL @ digestibilityoSthe 2rapk S NJ K
residues is low compared to the canonical feed. Nevertheless, chemical and physical processes may be
applied on the bare crop residues to make thosepbyducts more digestible Therefore investments are
needed. The growth of fodder legumesthe mixed farm system allowkeir use in addition to the crop
residues to increasthe nutritional value (especially during the dry season) (IFAD, 2010).

Another option of mixed farming may involve the use of rice production coupled with beef dagtitack.
According to Silveira (1999) the rice production lasts 7 months between September/October and
April/May, while until September the beef cattle could graze for three or four years before the system is
reconverted to rice productiorMoreover, therice by-products and residuesan be useds additional feed

for the beef cattle (with or without treatment with ammon)i&Silveira, 1999).

Manure should be managed timely and efficiently to avoid losses due to leaching and volatiligéatiam

et al, 2002. Cropping systems that use crop rotations or intercropping production systems (more crops
grown at the same time) are beneficial for pest control and to increase the efficiency of the use of nutrients
and water. Agroforestry is an interesting examplif integration of production systems, with trees that are
included in the system ofrap production(Tilmanet al., 2002. The animal excretions could be processed

and composted to make crop fertiliser (to be then used with minimal leaching at thedaglets). Therefore,

the plant growth is fostered and nourished by the wastes fribia pasturing animalsA very important

means to implement successfully thigntegrated system is to establish partnerships between grain
producers and the beef ranchers (Pach et al, 2012).For these new production systems there is the

need to monitor BSE and scrapie, and to foster targeted research on the potential markers to identify them
on live animalsand speed up diagnosisPerforming strategic research on plaggnomics and chemistry,
environmental studies on nutrient flows, studies on rumen microbiolegyuld be beneficial to both the

supply chain and the government that can be supportethapolicy making by these findings (Raymond,
2005).Another concrete etion entails to ely on grasslandelated technical support and expertise through

more interaction with research centres.

Case study: the grass intensiggganic cattle farming
An example of integration ihe grassintensiveorganic cattle farmingin this context, a number of studies

have been conducted on the successful performance of a mixed farming system where organic cattle
farming and intensive crop farming are in place. A recent study from the International Centre for Research

in Organic Food Sysns (ICROFS) examines the opportunities of infield and outfield crop rotations to
benefit pasture management and therefore the cattle productivity. In the case of organic cattle farming,

the animals need space to graze and this hypothetic future producystem could fit the case of Brazil

and its largescale farms with much large plots of land for extensive pasture. The problem of an organic
production system with that amount of space is that the eating and watery locations might be far away to
reach forthe cattle. A number of strategies to better pasture are in place, as aforementioned (ICROFS,
2010). The infield rotation would consist in a turnaround from the typical grass types to actpess

pasture for grazing. The outfield rotation encompasdey, 4 4 S R (G KS NRUGIF GA2Yy 27F :
FSSR IANIAYZIZ YR 3N aa T2 Nlovaretehtdify svould be mixed With highn mn 0
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qguality herbs such as chicory, plantain, caraway, lotus, etc. (important especially for organicsjarme
(ICROFS, 2010). Increasing the number of earthworms is helping to contain the leaching of nitrates during
the cold season. Moreover, the use of mixed farming allows for a closed system in which nutrient recycling
is possible (farm becomes a self renegvunit).

Case study: agrosilvopastoral system in Cerrado
A concrete example that comes from a pilot case study conducted in Cerrado region of Brazil theplays

dynamics in the agrosilvopastoral system implementation: during the first year, eucalyptus plants were
sowed in rows and soybean was planted in the space between the rows of trees (Patlec®012).
During the second year, the platf land was sown ith a maize/Bachiaria grass intercrop and after
seventy days from the harvest of majtlee livestock was introduced into the plot to graze. The eucalyptus
trees after this span of time (18 months) are 6 metres tall and provide a good animal husbartdigeBe

the fourth and the sixth year from the establishment of the system, the eucalyptus trees are cut (Pacheco
et al, 2012). The disposition of plants and the percentage of forest and percentage of crop/liveatolk
diverse. Different soybean andrdghiaria cultivars ma be used (e.g. BRSO 8360 and Marandu
respectively).

Additions from the second round interviews
According to therespondents, the conditions of the transportation of the animals should be improved.

[ 2 Ol G AaAdprotessiRgifadties closer to farms iso be consideredMoreover, he modernization of

the slaughterhouses would help to handle the animals more efficiently and resporBiBIYDIE guidelines
should be followed as a basic requisite of sustainable transport and hgndlinthe beef cattle.
Government and SC players should support investments in local roads and agrointhetsupport of the
government should be also tailored to the farmer (credit support or low interest rates) to increase their
profitability and therdore fostering investments in better technologies and techniques. In this concern also
local private industries and SC players should create a safety network to increase local production.
Moreover, he government should set a system of credits and disitiees for those farmers that do not
reinvest thiscash to benefit the local productioThe costs of the infrastructure investments (roads, Al,
etc.) should be bore by the government.

The intensification of the feed regimes (®idering the use ofoncentrate3 should be in place, prior the
verification of its economic viability and, in case, buying feed from outside or using more legume grass is
suggestedThe fair trade initiativesnd information campaigns China and India to sensitise aboutth
sustainability and quality of the beef chains are important. SBempaigns should be boosted by traders
and by the governmentMore sustainabilityoriented regulations should be launched as a result of the
negotiation between the Brazilian and the figa governments. The establishment of a worldwide quality
and sustainability standardeeds, for example, the election of an existing standard as widely accepted.
Overall, the regulation level has to be high@nerefore the government should restrict theequirements

in order to have the chain comphg with internationatevel regulations upon the quality of the products
traded (e.g. OIE and Codex Alimentarius should be the basic requirements)
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Sustainability scenario

Integrated land use

1 Integration of crop and

animal production

Agrosilvopastoral system

Fostering local product

marketing

1 Mix organic and intensive
production systems

1 Avoid trade with countries
with lessstrict rules

f
f

Generic/SCMoractices Detailing fromliterature andinterviews

1. Nutrient recyclingRS). Timely and efficient use of management of manure to avoid losses due to lea

and volatilisation. Use crop rotations or intercropping production systems.

2. Improve research on mixed beef production systems (alternative { More research on nutrient budget burdens from the lasgale use of lupins as fee
extensive). feed utilization and emissions from animals. Research rice production coupled

beef catle livestock. Research on markers of BSE and scrapie.

3. Increase the research on organic and other sustainable beef Perform strategic research on plant genomics and chemistryironmental studies
production technical development (e.g. agrosilvopastoral systems| on nutrient flows, studies on rumen microbiology.

4. Use of more balanced pdoction systems (soy, corn andaBhiaria) | Grassintensive organic cattle farming.
to avoid the cattle weight drop because of the dry periej. Infield (from use of typical grass types to use of gideser pasture for grazing

enriched with quality herbs) and outfield (rotation of grass with maize, rice, lug
feed grain and grass for silage) crop rotations.

5. Improve grazing technigues (moirgelligent grazing techniques) Grow fodder legumes to be used with crop-pypoducts to increase the nutritiong
(PS). value. Rely on grasslamdlated technical support from research centres.

6. Increase differentiation in quality by introducing mdadour Use agrosilvopastoral systems (eucalyptus, sorghuchraaize, or maize/&chiaria
intensive and quality enhancing production processes (e.g. certifig grass intercrop, andattle). Before all of this, establish partnerships between g
beef) (e.g. Sustaable Agriculture Network andgaosilvopastoral producers and the beef ranchers.
systems).

7. Perform toxicological integrative studies on agrosystems (mixed | Monitor diseases like BSE and scrapie and idemidiential markers of these
forest, crop and animal production). diseases on live animals.

8. Ensure optimal conditions for animal transport, shortening distang Locating DCs closer to farms, to ensure better infrastructure investments. Shd
on animal transportatior{LM). distance by mordocal processing facilities, and modernization of slaughterhous

to handle the animals more efficiently and responsibly. Follow OIE guidelines.

9. Investin local roads and agroindustry (e.g. mills, pasteurideké) (| Process more locally soybean. Thevestment burden could be combined amor
PS). government and SC actors.

10. Give support, subsidies to farmers to increase their profitability, s¢ Government subsidies to farmers. Low interest rates, credit support to farmers.
that they can invest.

11. Government should bear for the construction of infrastructure (lot| Government (and processors) should invest in the roads, research centresamr
dirt roads), and build insemination centres, so that farmers do not| efficient insemination centre system
have to buy the doses of inputs abroad.

12. Subsidise local production to be more salifficient and place on thg Local private industries and SC members should create a support/safety netwo
market the locally produces goods. increase the locaproduction. More credits for farmers or disincentives when n

improving.

13. Tailoring feed regimes of extensive farm system to a more intensi| Verify viability of intensifying feed regimes. Buy more feed from outside 4

regime PS).

legume grass.
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14.

Useconcentrated feed not to have the animal prone to disease
because it runs out of energy (also better conversion of carcBS))

Buy more feed from outside. Verify economic viability, first.

15.

Monitoring systens especiallyvhere prevenive antibiotics arenot
allowed

Monitor diseases like BSE and scrapie and identify potential markers of
diseases on live animals.

16.

Fair trade initiative@ndinformation campaigns in China and India {
sensitise about sustainability in beef chains (increase publiuap
about sustainability).

Traders should advice the potential customers about the sustainability/quali
besides the government. Governmental action in China to sensitize. Monitor
trade initiatives.

17.

Push on political parties to establish morestinabilityoriented
regulations and enhance the entry barriers for suppl@S).

The Brazilian government should negotiate with the other government t
sustainability related issues (more roundtables). Establish more sustainabi
orientedregulations.

18.

Establish a worldwide quality and sustainability standard (focus ol
food security and food safety).

Elect one sustainability tool/standard that is worldwide accepted. Establish
organization that deals with monitoring thenational/regional standards

19.

Regulation level has to be higher, to comply with international leve
of quality of products to be tradedxS, QM).

Government should restrict requirements, but also the farmer should be adap
according to their market otlet. All traded beef should be in compliance with O
and Codex Alimentarius (enough).

Tablel6: Detailingof the practices of sustainabiliscenariolntegrated land usef beef supply chains in Brazil.
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5.2 Pork supply chain sustainabiligcenarios

The three sustainability scenarios for the Brazilian pork supply chaingngegration of animal and crop
production, sophistication andalanced sustainabilityThesehave beendetailed by a literature review in
the next three suksections.

5.2.1 Integration of animal and crop production
The major number of bigig producers in Brazil use production systems that integrate animal and crop

productions.However there is a risk a®ciated with environmental burden when the manure is produced
in surplus with respect to the crop use. Moreover, it is very common to reuse the manure as fertiliser with
little or not treatment and this can also become environmentally riskgi6 & de Lage, 2007. Typically
the soybean production is very importar®ne of the reasons of the quick expansion of this market and
production chains is that it represents a cheap and ggftein ingredient for the feeding formulas used by
livestock.Most of thepig production is concentrated in the south of Brazil and it is mainly intensive with a
reduction of chain costs associated to production and logisfisirf & de Lange, 2007Regarding the
manure management, a convenient system would be the integratibpigs and vegetable greenhouses,
coupled with the use of biogas (@t al, 2005). The digested manure and urine can be used for the
illumination and the air temperature of the greenhouse or for the energy requirements of the facilities. In
addition, the CQ from the digestion, the pig respiration and the organic matter decomposition foster the
photosynthesis of vegetables. Once digested and made soluble, theoduct of manure fermentation is
soluble and good enough to be usedferiliser for the vegetables (Qét al., 2005).
According toStein and de Langsoybean production and export in Brazil is the second worldwide after the
United States. About 80% of the worldwide production of soybeatei®ted to animal production, which
is definitely in competition with human consumptio&téin & de Lange, 20pMany studies advocate that
the production of soybean in Brazil, due to the high direct and indirect use of fossil fuels (machineries,
fertilizers, agrochemical, etc.) is jeopardizing the sustainability of the
Cao and byproducts from production system.
food and biofuel industry.  Thjs is one of the reasons why the production of feed for pig production is
(eg. distilled dried grains)  shifting to the use of cproducts and a lot of research has being done on

arehigh-performance the modelling of feding formulas in order to maintain the nutritional
feed ingredients$tein & value and the animal expected performance. Moreover, due to an
de Lange, 2007 increase of the demand for grains for the biofuel industry and due to an

increasing population, the cost of feed energy will increase ghpball
reducing the profitability of producing it as animal fe&idin & de Lange, 20RThaler and Holdef2007)
state thatthe potential protein-rich by-products to be used for the pig production are from the following
primary sources: grain, animalggetables, sugar and starch production. iflresearchproves that all
these products are of nutritive value, palatable and available.
Lab analyses on the nutritional value of the ingredients should always be performed in order to prove that
feeds are poperly formulated and all the nutrient needs of the animals are fulfillSteih & de Lange,
2007)
Alternatively, if havingfeeding formula that includeingredients suitable for human consumption is
preferred, feedprint models should be in place to memi the environmental impact of feed production
(i.e. FeedPrint from the Wageningen Univeryity
CtKS AYUGSNBASEaAaQ NBaLRYyRSydGa FRR G2 GKS f AGSNI G dzNJ
traceability. These require the use afsystem of idetification of the animals though electronic tags or
20KSNJ 1]AYRa 2F AYRAGARdzZ f L5Qao®
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Sustainability scenario

Generic/SCM practices

Detailing fromliterature andinterviews

Integration of animal and
crop production

il

f

Nutrient recycling (manure comémack to the crop producer) between
agricultural sectorsKS)

Monitor environmental burden of surplus manure not used with respect to crop |

Invest in meat quality and traceability

Investment in quality and traceability (they should be better thastompetitors).
Traceability performed by using tags (identification of animals).

Integration of animal

Make sure that the animal feed is not in competition with more
valuable food intended for human use (usefmpducts that cannot be
used for human consumption).

Research o the modelling of feeding formulas (higproteins and palatable). B
products (rich in proteins) from grain, from animal from sugar and starch produc|

and crop production
Use of feed sources that

Use fertilisers made from manur$).

Reuse manure as fertiliser after manure treatment.

do not compete with
human consumption
Reuse of manure to

Invest in biofuel production from the process of manure into energy
and the byproduct can still become a fertilisePE).

Integration of pigs and vegetable greenhouses, coupled with the use of biog
process the excreta from the animal production (closed system).

make organic fertiliser
Use feed suitable for
human consumption
monitored with feed

Use DSS and models to optimize the nutritional value of the feed
ingredient on cost price and expected parihance of the animal (usin
percentages of byroducts in the formula)KS).

Use Feegrint models to monitor the environmental impact of feed production.

print models

Mix manure with straw to have a fertiliser and sell it brandB&).

Thesecondround interview respondents have eliminated this practice.

Use a feeeprint model (optimize each ingredient on €€yuivalents of
the feed production, maintaining the expected animal performance

high) @S).

Use feedprint models.

Tablel7: Detailingof the practices of sustainabiliscenariolntegration of animal and crop productiaf pork supply chains in Brazil.
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5.2.2 Sophistication
Providing a product with a range of detailed specifications has become the new frontier for many pork

chains, since the traditional system of production is not enough to fulfil the expectation of this new
segment of demandRan & Kinsey, 2002The ability of the information systems to trace back from meat to
animalneeds a high level of coordinatioandit is one of the milestones of the sophistication of supply
chains. Moreover, an increased coordination in the supply chain is beneficial to reduce transaction costs
(grading, quality of inputs, middlemen costs, etc.), and to shars aisiong chain parters Pan & Kinsey,

2002). Given that the pork sector in Brazil is seen as a commodity system, a number of initiatives should
arise, taking the cue from the outside. Accordinglle Greef and Casabian(2008) quality assurance
schemes (e.g. HACCP, EUREP GAP, Red Tractor, LabelaRdsgsjainable innovations are the core of

the philosophy of the sophistication of pork supply chains. These quality assurance schemes should specify
a number of requirements {echnical) on producing, poessing, and

transporting(De Greef & Casabianca, 200€ertification schemesimilar New production
to IKB (Integrated Quality Control) should be introduced to guarantee t systems, quality
guality and safety of the pork meat products. assuranceschemes,
Furthermore, accordig to De Greef and Casabiandhe standardization local productions,
of production processes is fundamental to monitor the chaspecially claims on label
when trading abroad(to comply with the requirements ofhe export innovation for quality,
contracts). market research, anc

The diversification of pork production chain entailso the use of new (or new pork producs are
alternative) production systems that bring in animal welfare the milestones of the
environmental, food safety, food quality conceride(Greef & Casabianca, chain sophistication

2008. The use of labels to claim the quality (animal welfare, safety, origin,

etc.) that is ftlowed through the production step of the chain is another important item that creates
g NBySadaa Ayiaz2 (GKS O2yadzySNAQ YAYR 2y (GKS NBalLRya
of alternative systems of production or innovative husbandrg examples of that. Nevertheless, there
should be a market initiative that justifies the production cofie Greef & Casabianca, 2008

Initiatives like the Dutch KDR Foundation (Sustainable Beef Chaliigh controls the participating
companies throgh an annual auditare good exampledt is a partnership between farmers, butchers,
wholesalers, supermarkets or other market outlets. A label is used to make recognizable the sustainable
practices involved in these chains and to assure that all thetipescfollow animal welfare regulations,

with castration as one of the prohibited practicd3e( Greef & Casabianca, 2008here is the need of the
development of new innovative methods to monitor this qualifg.g. use of RFID technology to monitor the
cold chainQ-Pork Chains, 2012).

The literature states that the Brazilian consumption of pork meat is low and out of this small amount, 70%
is processed pork (i.e. salami) (Miele, 2011). There are strongnedgidferences that justify a diversified
consumer buying behaviour. The tropicabion in the Northwest i¢ess wealthy and has different habits
than the wealthy southern states. Given that the survey performedidyBarcellost al. proves that the

pork meat in Brazil is consumeudhy day of the weekr occasionally, the increase in variety of products and
the increase in the convenience would be beneficial to enhance internal consumption. Diffusing the
presence of pork products in snack bars woulcréase consumption and create routine of eating pork

out. Eventuallyalso educating the consumers bow to properly cook pork dishes would be an advantage,

as well as training courses for professional chefs, to make pork meals tastier (incréweesimgnd of
Braziliarfood consumption out of homgje Barcellogt al. (2011).
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Additions from the second round interviews
The respondents to the second round of interviews advocate the importance of creating new market niches,

prior a market research to veyifthe viability of the investment. Qualiyriented production can be the
keystone and the claim should be backed by the compliance with certification schefites.quality
improvements can be both in the production and in the marketing chdinsanimalgenetic improvement
should be anticipated by the investigation of the market opportunities, and, if present, the strategic
marketing on the best swine species for Brazil has to be perforfsetie for feed genetic improvement)

The claim on these chains ngi particular animal breedshould be clear. Another aspedf the
sophistication of the pork supply chains has to do with the diversification of nutrition, for example, using
feed from organic productioonr responsible soy (use claims on the label offthal product).

Aspects of local slaughtering and local meat processing are important also in this scenario. Therefore, the
optimization of the allocation planning of the slaughterhouses and of the processings glantild be
carried out.Moreover, a coadinated approach with intebranch organizations should be promotethe
purchasing of local raw material is to be considered and the experts suggest that the verification of the
economic compatibility should be set upfront. Another way to local supplifrege materials is to
integrate or to impose taxes on their impoithelocal feedstuff supply depends on the contracts, aind,

this respect,f the chain§xoordination is weak, vertical coordination should be pursued to decrease the
transaction costs.

Nutrient recycle between agricultural sectors is to be fostered by adapting the existing techna@odies
therefore redudng the emissions (e.g. manure processed into fertiliser or processed for disposal). The
improvement of manure management is importaaso for the production of energy out of manure. For
this purpose, the experts support the idea of biogas investments. The investments in meat quality and
traceability are important and depend on both the identification systems that should be in placéand
education ofthe chain operators (e.g. establish training courses).

Ultimately, the shortening of the commercial channels would be beneficial for the sustainability of these
Brazilian chains, prior the identification at local scale of the potentiddefnitiative.
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Sustainability scenario

Generic/SCM practices

Detailing fromliterature andinterviews

Sophistication

1 Diversified chains

1 Local meat
processing and
local raw material
purchasing

1 Enhance Brazilian
internal market

1. Switch from commodity system to a more diversified pork se¢ Use of new (or alternative) production systems that bring in animal welfare, envimtahhéood
(e.g. the KDR chain in the Netherlands and Green Farms Stg safety, food quality concerns. Information systems for traceability. Comyth quality
Initiative with animal protection labels). assurance schemes (e.g. HACCP, EUREP GAP, Red Tractor, lgd)el UReucertificatior]

schemes similar ttKB. Organic production system. Promotion of local production.
Use innovation for quality and ways to monitor this quality (e.g. RFID to monitor the cold ch

2. Operational excellence and scale increase. Increase coordination in the SC to reduEsaction costs, and to share risk among chain
partners. Use a quality assurance scheme and monitor it in order to standardize the produd
processes in the chain.

3. Create new niches. al NJ Si NBaSINOK® a2z2NB | dz f A in@edsLaN®RcBrificatiok Y
back the claim.

Either/both new properties of product given by the diversified production or/af
diversification of market outlet.

4. Better outdoor access (housing). Innovative husbandry.

5. Genetic improvementRS). First, map the market opportunities with a marketing research. Second, perform strate
marketing on the genetics of the best swine species for Brazil. Clearly establish a claim g
diversified chain.

6. Different nutrition (more responsible), recognizablehvilaims | Feed from organic productions (dependent on the marketplace, so need for market resg

on a label. before). Use of responsible soy (that does not come from the Amazon area) and ingred
coming from outside the farm. Use claims recognizablealabel.

7. The independent producers should offer room for new systen Information systems for traceability.
of coordination and create niche markets with more added
value products.

8. Local slaughtering. Optimize allocation planning of slaughterhous€ffom which farm to which abattoir) and the

capacity utilization up of the local slaughterhouses. Civil society should promote it.

9. Local meat processing. Promote a coordinated approach with intdsranch organizations. Civil society shou
promote it. Gptimize allocation planning of processing plants.

10. Local raw material purchases. Verify the economic compatibility of local raw material purchases. Integration. Taxes
import of material.

11. Local feedstuff supply (% of money that is produced locally a| To be obtained with good negotiating skills (contracts). If the chain coordination is we

retained internally should be higher). vertically integrated. Perform an agronomic analysis tdivide the main cost drivers o
production in a pie chart to see what is locally and what is not locally sourced (to see whe
improve).

12. Nutrient recycling (manure comes back to the crop producer)| Adapt the technologies taeduce emissions. More process of manure into fertiliser. Cradle
between agricultural sectors cradle.

13. Invest on meat quality and traceabilityP$). Implement traceability and perform it in the whole SC. Training courses for chain operator

traceability (quality enabler). Individual identification system must be in place. Establi
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governmental or chain initiatives (e.g. IKB).

14. Improve manure management (make energy out of manure)
methane useRS).

Verify the energy balance of these technologies. Trade biogas to tleallwillages. Make &
claim out of energy produced from manure when the energy use at the farm drops significg
and there is emissions reduction.

15. Ensure short commercial channels.

Develop short marketing channels after the identification at local sealf the potentials. Once
identified, promote those channels.

16. Make pressure on these supply chains to establish sustainab
claims and standardsGES).

Comply to a certification schemeasgmilar tolKB. Use labels to claim the quality (animal welfg
safety, origin, etc.) of the process to create awareness about how responsible the chain is.

17. Campaigns to sensitise people (versus prejudices about pork
meat as fatty and unhealthy).

Marketing research before any market initiative, which justifies the production costs. Incr
the variety of products and increase in the convenience to enhance internal consumption
snacks and convenient food). Educate the consumers to properly cook pahrksditraining
courses for professional chefs.

Tablel8: Detailingof the practices of sustainabiligcenarioSophisticatiorof pork supply chains in Brazil.
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5.2.3Balanced sustainability
The biodigesters, according to Domingetsl. (2013), are a cheap alternative reuse manure and treat it

after pig farming. The manure enters the digester and biogas is captured thanks to the anaerobic digestion
so that GHG emissions at the farm are reduced and the farm gas and energy consumption can be more self
sufficient. The poducer could also sell carbon credits (from less GHG emissions in atmosphere, Certified
Emissions ReductionsCHEs). This implantation shouldollow the National Agro Energy Plan, whose
202S0GA0S Aa a (2 LINRPY2GS adzass bf agfibusiress foRieBénefigafly Sy (
NI TAfAlLY &a20ASGeéad LG Aa Sl dz f, emdissich YaciardNdiomytie § 2
production of energy through biogas digestigibomingueset al, 2013). The Centravest Braziliararge
farms (four or five thousandnimalson average)compared tothe Southern productionswhich are
integrated with cropland, have more conceivable potential use of manure applications to make fertiliser
and energy out of it (Embrapa, 2012). The storagégafd manure is a common application &t Brazilian
farms Beyondhe freight distance, the codbenefit analysis of this manure management practice has to be
considered (Embrapa, 2012). Therefore, the scaling up of productions is constrained by taleildyaof
nearby arable land that might use the manure from pig production. In the Cemgst region there is a
wide availability of landherebythe use of biodigestes is a viablénvestmentfor local producers (Embrapa,
2012). For those farms witlad limitation, thus, with problems with the disposal of manure, technologies
like SISTRATES that removes the N and P nutrients from the manure for the disposal are needed
Composting is another alternative for manure management in Brazil through evaporafi water,
reducinghandling and transportation cost&ihbrapa, 201R Basically, if the cropland fertilisation need is
higher or equal to the manure production by pigs, the investment in a biodigester for manure treatment is
not mandatory Embrapa, 201R Otherwise, the use of a digester is compulsory because a limiting amount
of land might create significant environmental burdens when it comes to neadisposal (in Southern
Brazi). The manure can be mixed with rice straw to make different C/N

T Costbenefit analysis ratios fertilisers Bengtsson, 2009
on the use of Another prioritized issue in théalanced sustainabilitgcenario is the
biodigesters for investment in a monitoring system to ensure that the residues of
energy, gas and antibiotic resistant bacteria (e.g. cephalosporins) from pig production are
fertiliser production not present. According tBengtsson (2009p dedicated Organization (e.g.

or for disposal.

. o Swedish Veterinary Antiierobial Resistance Monitoring) that at national
1 Monitor antibiotic

B R —— anEj regjonal Ieivel monitors thei apalyses to avoid these rAeiidueAs wquld be §
9 Harmonization of OSYSTAOAFIT @& {SSTAYy3 7T2neJEwdpdals MabdQa Oz
Standards and Safety Authority (EFSA) would be the chance to take &froue
Europe and their sustainable chain operations. The harmonization of the
food safety practices in the Brazilian pork supply chains wealgse the possibility to trade to EU
marketplaces Bengtsson, 2009 Regardless the dilemma about which microbiakmgto look at when
monitoring the chain, there is common agreement tleatlaborationbetween animal medicine and human
medicine to tackle together the problem of resistaneeuld be beneficia(Wallmann, 2006)In order to
tackle this sustainable issuee§istance bacteria), the WHO guidelines have to be follofiresly arebased
2y I GNI GA 2yl 4§ Kuzh&ourtaids, 1098This i6 possiblé Braugh a monitoring system that
starts at the producer and pilots alternative applicationgdiscontinued use ofantibiotics or their
substitution with lactic acid bacteria and the associated antibacterial peptides (probiotic effect)
(Khachatourians, 1998
Once fulfilled a number of sustainable requiremerttse just reward from the markets to be achieved
with a trademark labesuch as Sustainable P@KThe adoption of sustainability standards is the required
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way to back the claimen the labels. It ismportant to educate the consumers that these advanced
technologies are neede(e.g. immundogical castration)Furthermore, here are many other sustainable
practices, such as the involvement of water management at the farm as an indidgiigy health, through
the installation of hydrometers\icari, 2012

According toUSDAFSIS(2013) the big producers globally should harmonize together the standards
available to meet consumer demands and ease competitive trdtteover, it is important for animal
wellness during transport thathe production chain of pork meat foll@the OIE guidelinesalong with
specific documentation requirements to ease traildy (e.g. Export Certificate for Animal Casings) (OIE,
2011).
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Sustainability scenario

Generic/SCM practices

Detailing fromliterature andinterviews

Balanced sustainability

f

Animal welfare in
global agenda and
minimize microbe
resistance in humans
from use of antibiotics
and heavy metals
during animal
production

More sustainability
standards to be
applied in the supply
chain

Biogas investment to makenergy for the feed mills
(investment costs levelled by the savings of-self
sufficiency in energy uselpg).

Store liquid manure and use of biodigeste(viable opportunity for producers in the Centred¢st
region) that follow the National Agro Energy i®ld&or farms with land limitation use technologi
like SISTRATES (energy produced for disposal is soldCautpn credits (CERs). Monitor the,(
emission factors generated from the production of energy from biogas.

Mix manure with straw to have a feliser and sell it
branded PS).

Mix manure with rice straw to make different C/N ratios fertilisers.

Adapt the system into more anim#iendly (more animal
welfare), especially at the housing.

Ban physical castration of the pigs, and favimmunological castration. Involvement of wat
management actions at the farm as an indicator for pig health (installation of hydrometers).

Invest in monitoring system in later part of SC to ensuri
about residues management and about the antibiotic
resigant bacteria(QM).

Ensure that the residues of antibiotic resistant bacteria (e.g. cephalosporins) from pig prod
are not present. Establish a dedicated Organization that at national and regional level monitg
analyses to avoid these residuéallow the WHO guidelines.

Establish new sustainability standards to be applied in
Brazil to better animal welfare and better the tradability,
to EU marketsGS, QM).

Use trademark labels such as Sustainable ®odopt sustainability standards. Harneation of
standards based on consumer demafrallow OIE guidelines.

Campaigns to sensitise people (versus prejudices abol
pork meat as fatty and unhealthy).

Educate the consumers that advanced technologies are needed to provide safe pork m
everyone.

Minimize risk of development of microbe resistance of
human in the chains (exposure to antibiotic resistant
bacteria) given by overuse of antibiotics and heavy me
(these increase the chances that human have microbig
resistance to antibiotis) during animal production.

{SS1 F2NJ SELISNIQa O2fftl62NriGA2ya 6AGK 9C{|
and monitored (harmonize food safety practices in the &&ablish collaborations between anim
medicine and human medicirte tackle the problem of resistance together.

Tablel9: Detailingof the practices of sustainabiligcenarioBalanced sustainabilityf pork supply chains in Brazil.
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5.3 SustainabilityScenarioFramework

Sustainability indicators Sustainability scenarios for beef and Categories of improvement Sustainable generic/
(3P areas) pork chains in Brazil options SCM practices
* ::;:r:;:rr::;t of farm and land % 3 practices
Intensification *+ Production efficiency ~ 4 practices
* Tradability improvements » 7 practices
-
2 * Local sourcing and operations » 3 practices
; T Local production and ;
lncc:]me c:ustnbunon § su‘:::i npart‘;)!eu:p:rr;taigns ZAsUstasItble trinsphct i -~ 5 practices
* Profitability handling
* Employment : -
*+ Economic growth * Farmland improvements > 6 practices
* Gender equality Integrated land use + Chain-wide improvements » 4 practices
* Animal welfare * Governance improvements ~ 8 practices
* Mortality
* Food quality
* Food safety * Manure management and meat > 3 practioes
e ”~
* GHG emission Integration of animal and traceability . i
* Energy dependence crop production * Alternative feed and technical » 3 practices
* Lland use pokitions
* Water resources
=2 * Production chain improvements > 8 practices
é * Governance improvements ;
Sophistication + Local for local and local for ~ 4 practices
international improvements » 5 practices
* Energy neutrality improvements # 1 practice
Balanced sustainability g i\:‘:l:'::;i;t sanitary > 5 practices

Figure9: Sustainabilityscenariodframeworkshows:the sustainability indicatorghe scenariosthe categories of
improvement options andhe practices

TheSustainabilityscenaridrameworkin Figure9 has beerused to answer the general research question of
this researchonce enriched with the insights from tHéerature and theempirical review (thesecond

round interview3 (seechapters5.1 and 5.2)It derives fromthe sevenstepsdescribed inchapter2.1.1 of

the methodology: the selection of the thirteen sustainability indicators, the first round of interviews (
retrieve the draft scenarios), the selection of thsx sustainability scenarios,the detailing of the
sustainabilityscenarios via literatureewview, the second round of interviews (to validate, assess and detail
the scenarios)the detailing of the sustainabilitgcenarios via thesecondround of interviews(that
supports the detailing via literature reviewand thefinal design of the sustaifdity scenarios for beef and

pork (which is thecombination of thedetailingvia literature and interviews of the six scenario&ppendix

4 displaysthe complete detailing of theractices of the six sustainabiliscenarios, especially the ones
from the second round of interviews that were not presented in chapteélbof them are used for the final
description of the scenarios, which represent the result of this thesis (chapter 6) and the basis to draw
conclusims and recommendations for the chain players (chapters 7 and 8).

The Sustainability scenarioframework displaysthe logic that has been followed in order to fulfiie
objective of thisresearch and it makes clear how the results have been structuretthe next chapter It
SFNIé& RAaLIXI&a ¢KFd OKFLIWISNIc OFffta GKS &GthatS32NA
havebeen given from the author to groups of practices in each scenario. These categories of improvement
options ease thaliscussions upon the sustainable message brought by each scenario and ghelasee

idea of where in the chain the intervention should be prioritized.

The conclusions with the specific answers to the four research questions and the recommendatjons are
respectivelyjn chapters7 and8.
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6. Results and analysis

Thischapterpresents the analysis of the results of tliterature and theempirical review. It provideshe
answer to RQAwhichis:

RQ4.What are the sustainability improvement options that, from a certain level of sustainability, bring to a
future desired level of sustainability in these chains?

The analysis of the results presented in the following sections rédettee data gathered iad presented in
appendix4. As described in the methodologgh@p 2.1.1), the detailing of the practices in the scenarios
from (i) the literature review and(ii) the second round of interviews$have been combined to pcisely
describe the sustainabilitscenarios. Moreover, the authpwhile elaborating these resultshose to zoom

out from the levelof detail of the practices and concrete actiorend to find a way to describe more
generally the scenarios. Here come to place #ategories of improvementptionsthat are simply a way

to categorise the practices in the scenaridherefore, the next sections describe the sustailigb
scenarios, which contain the categories of improvement options and the sustainable practices involved
(detailed to the cocrete actions). fie results for beef and pork substantiate in a dg#@n of the three
sustainabilityscenarios for beef and the three for pork in the Brazilian supply chains. Moreover, for each of
the scenarios, the sustainability assessment (radar with the assessment of the thirteen sustainability
indicators) is provided, and it is compared to tagssessmenof the general beef and porkhains up to
today.

6.1 The three sustainability scenarios for beef

In thischapterthe three sustainability scenarios for the Brazilian beef supply chains are described and the
radar plot is the visual aid used to represent the sustainability assessment of the scenarios. The three beef
scenarios areintensification, local production ansustainable operationand integrated land useEach of

the sustainability scenarios is the composition of a number of sustainable practices derived from the
comparison of the literature and interviews. These practices have been grouped in categories of
improvement options, in order to make explicit the key areas of intervention in the chain.

In the introductory section of each of the scenariosuamarized illustrations provided, with the sum up
description of the sustainable practices in the scemmrand the radar plots for the assessment of the
scenarios.

6.1.1 Intensification
The foremost important insight to present is the presence of two alternatives of intensification of the

production system: the extensive production system with the daily ®mppnt of concentrates or fodder,

and the confinement of animals into paddocks or feedlots. This first choice to pursue intensification
influences the successive practices that are needed to make either of these two intensified production
systems work.

The following three sections describe the three main categories of improvement options to make the beef
production chain more intensivémprovement of farm and land managemeptroduction efficiencyand
tradability improvements

Summarized illustration afintensification

Categories of improvement options Sustainable practices involved

Improvement of farm and land management Fortification of the grass

Nutrient recycling
Use of decision support systems (DSS)

Production efficiency Optimiztion of animalslaughter age

Improvement of feeding techniques
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Genetic improvement
Efficiency action plan at the farm

Tradability improvements Animal welfare considerations

HACCP system requirement

Pay price according to meat quality

Electronic identification

Requirement of a monitoring system for food safety
Documentation requirement at the farm
Compliance to carcass certification schemes

Current level of sustainability of these chains Sustainability level from implementation of the scenario
Income - N
‘ distribution b SII_\I?IC(O 2Y SfX bl
water L gl 4. paofitability
resource$ 4 profitability 300 2-86
land use ) 2 2 employment land ugeg Oemployment
energy KO\ i economic SYSNHA O02y 2 YA
dependence 3 , = % 3 growth

2 N2 gender GHG emissidP 4 yender equality

GHG emission

AL equality
food safelf 3 : 4nimal food safatyg 3 &himal welfare
00d sare < .
. \ welfare food qualr°ty86 3-%@ortal|ty
food quality ‘mortality
Radar plot from the reslaboration of the BpointsLikert scales across the Radar plot from the reslaboration of the SpointsLikert scales across the
13 sustainability indicators (1=very bad, 3=neutral, to 5=very good) 13 sustainability indicators (1=very bad, 3=neutral, to 5=very good)
In sum:

Theintensification scenariofor the beef Brazilian supply chains involves a number of implementable sustainable practicq
rangefrom farm and land managemenimprovements production efficiencyimprovements, andradability improvements. The
farm andland management improvementsut down roots in practices like: fortification of the grass, nutrient recycling, and
use of decision support systems at the farm. The research of the regiecific soil types and grass species is fundamentg
well aspasture rotation. The confinement of animals eases both this practice and manure management (for nutrient reg
Record keeping is important to map nutrient imbalances and create transparency in the chaimprothestion efficiency
sustainable prachS$a F2a0GSNJ 6KS ySSR O6SELINB&E&aSR o6& (GKS AydSNWBAS
to improve the feeding techniques (crop and grass rotation), to improve the animal genetic (artificial insemination),

develop an efficiengaction plan at the farm (record keeping and use of DSS). Amoniyaitiability improvementstaking into
account animal welfare considerations (OIE guidelines), the requirement of an HACCP system (traceability mustéje timeq
establishment of paymnt criteria (according to classes of quality defined by the government), the electronic identificat
monitoring system for food safety (traceability), a documentation system (record keeping), and the compliance to

certification schemes (traadbility and standards), are the elected practices.

According to theradar plot on the right, the implementation of this scenario widubring an increase in income distributio
animal welfare, food quality+0,86), profitabiliy (+1,14) food safety(+0,29), GHG ens®n (+1,57), and land use (88). The
highest scores to the sustainability indicators are attributedaod safety (4,29 out of 5), eaomic growth (4,14), land usend
food quality (3,86). On the other hand, income distribution (2&&J energy dependence (2,43) would stillleow the neutral
average (30).

Improvement of farm and land management

Three main sustainable practices belong to this category, nanfefiification of the grass nutrient
recycling anduse of DD®&lecision support systems). Tfagtification of the grassan be conveyed both by
changing the grass species or fortifying the grass already adapted to the soil. Therefore;spegibic
research on the types of soil in order to investigate the besipsable and higprotein grass type is
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needed (e.g. combination of grass and legumes has been cited a humber of times by both the respondents
and the literature). The alternative to changing the grass species would be to add N and P to the grassland.
Another important practice encompasses the optimization of soil, grass, pasture species and pasture
rotation. The latter one should be more intensive (intensive grass rotation system). Here comes to place
the agrosilvopastoral system, a production system timé¢grates in a coherent framework of operations
forest, crop and animal production. The improvement of animal husbandry with the confinement of the
animal is important for managing the cattle more intensively and to manage efficiently the manure.
Nutrientcycling in this case, would benefit from the construction of fences or other types of confinements.

In the case of intensifying the extensive system without confinements, the design of the watery points to
strategically distribute the excreta would helpe scientific management of slurry. Finally, thee of
supporttoolsa dzOK | & 5{{Qa &deadsSvyas F2NJ SEIYLXS (G2 | @F2AR
operations at the different paddocks, is important. The needed requirement is to implenssard
keeping at the farm and the registration of operations, which would be beneficial to all the other chain
members and should be rewardéigroughthe price received by the farmer.

Production efficiency

Four sustainable practices belong to this categdhytJi A YA T S | Yy A Y&, imP@dvenieft lofdza K (i S
feeding techniques, genetic improvemeand efficiency action plan at the farmRegarding thenimal
slaughter agethe common agreement among the interviees is that there is the need to optimize the
slaughter age to when the animal is fghown. Therefore, more regiespecific research is needed, and
research on which feedlots (and amounts) the cattle should have in the different growth s@gesll,

talking about optimization of slaughter age, extensive grown animals should be slaughtered younger
(considered by respondents as more sustainable) than the confined aniffedslast step is to create
awareness among the consumers that the decrease otthaeghter age of the animal can be beneficial for

the environment. This is to be done through sensitization campaigns. The literature fosters the importance
of improving the fencing, of improving the regispecific genetic research, of giving supplemesad
(especially in the dry seasons). Moreover, the rancher has to manage the herd more intensively to express
its potential and there must be an increase in capital and labour to better manage the operations at the
farm. Regarding théeeding technologieshe important actions involve the improvement of the rotation of
grass, the use of nitrogen fertiliser and lime. Clustering the animals sh@gegeneous groups at the farm
would ease the feeding operations. The literature stresses the important corafethe dry season in
which extra feed, shade and freshwater should be available. Additionally, the ranchers have to ée train
about the behaviour of the cattle, in order to manage it efficiently.

Thegenetic improvemensustainable practice is fundamental the production efficiency at the farm and

it involves better selection, crodweeding, and, especially, artificial insemination (highly advocated by
several interviewees). In this case, the market outlet of reference of the different regional prowsicti
should be known in advance (market research is needed). Eventuadlgtian plan for the efficiency at the

farm is of pivotal importance. It needs an improvement in record keeping, facilitated by the use of DSS
from external service providers, andehdesign of a productioefficiency plan made by the farmer in
association with external expertise. This plan should encompass, respectively: recording operations,
monitoring and prioritizing actions. The farmers should be rewarttedugh the price from he use of

these responsible practices.

Tradability improvements
Among the tradability improvements, there aamimal welfare considerations, HACCP system requirement,
payment criteria, electronic identification, monitoring system requirement, documentaéquirements,
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and compliance to carcass certification schemédl these practices have been recognized as important,
when intensifying the current beef production systems, in order to improve the tradability of the beef
meat. Theanimal welfare consirationsare the implementation of an action plan for animal welfare in the
chain, the use of agrosilvopastoral system since it is beneficial for both profitability and animal welfare (it
provides shadow for the animals), and the adaptation of the EU atignk to the Brazilian case. For
example, following the OIE guidelines would make transport and handling operations in the beef chains
more sustainable. Theequirement of a HACCP systenof fundamental importance for the tradability of

the beef meat ad it requires a traceability system already in place. HACCP system for food safety should
be implemented at every step of the chain (and required from the feed suppliers!), monitored and
promoted. Concerning thgayment criteria paying according to the adses of quality is of foremost
importance as catalyser to a number of responsible changes in the chain operations. Upstream, a
governmental action to precisely define classes of quality and to establish protocols to monitor it is needed.
These classes glality should be set according to the main markets of reference of the production chain
(market research is needed). The traceability system is paramount also to check the sanitary status of the
herd and to monitor transportation. Thelectronic identifiation is the easiest requirement to track and
trace the material flows in the chain, and it is vital to perform it from thmst fstages (tagging the animals

and record keeping).

Therequirement of a monitoring systeis important, especiallyvhere prevetive antibioticfuse is not
allowed. The government should step in to monitor food safety and to establish a-widgnmonitoring
system. Traceability is the starting point to have and maintain a good monitoring system for food safety.

A documentation gstemis required at the farm, as long as in the rest of the supply chain. It should be
promoted from the government and rewarded to provide the economic stimuli. The record keeping could
be taken up by a manager at the farm and facilitated by the uss@ffriendly systems.

Finally, thecompliance to the carcass certification schen®snother important concern to improve
tradability while intensifying the production chain. In this concern, complying with carcass certification
standards (farmers andalghters) and GLOBAL GAP, as suggested by the literature and the interviewees, is
of pivotal importance.

6.1.2Local production and sustainable operations
This sustainabilityscenario is the result of thassembly of two mainstream improvement optioriscal

sourcing and operationgndsustainable transport and handling.
The following two sections are meant to deepen into the practices involved in these two categories of
improvement options towards sustainability.

Summarized illustration ofLocal praluction and sustainable operations

Categories of improvement options Sustainable practices involved

Local sourcing and operations Local slaughtering

Local meat processing
Local feedstuff supply

Sustainable transport and handling Improve the sustainable transport

Expand transportation network

Improve the legislation on live animal transport
Improve the education on relation between animal welfare g
meat quality

Pay price according to meat quality.
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Current level ofsustainability of these chains Sustainability level from implementation of the scenario
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Radar plot from the relaboration of the SpointsLikert scales across the Radar plot from the relaboration of the EpointsLikert scales across
13 sustainability indicators (1=very bad, 3=neutral, to 5=very good) the 13 sustainability indicators (1=very bad, 3=neutral, to 5=very good)

In sum:
The local production and sustainable operationscenario for the beef Brazilian supply chains involves a numbg
implementable sustainable practices that range from improvement®dal sourcing and operationto sustainable transport
and handling Local sourcing and operatioimsvolve: local meat alightering (improve the infrastructure), local meat process
(vertical integrationwith slaughterhouses and local feedstuff supply (mixed crop farming). Hustainable transport ang
handlingencompasses: sustainable transport (investments in trainramet modes), the expansion of the transportation netwd
(investments in infrastructure), the improvement in the animal welfare legislation (OIE guidelines), the improvement
education on the relation betweeanimal welfare and meat quality (trairg to drivers), and payment according to meat qua
(establish incentives).

According to theadar plot on the right, the implementation of this scenario would bring an improvemeiiéome distribution
(+1,71), profitability (+1,43), employment (+0)7&nimal welfare (+0,29), food quality (+1,00), GHG emission (+2,43), an
use (+2,14). The highest scores are attribute@®téG emission (4,43) and energy dependence (3,86). Overall, the scenario
improvements in all the sustainability indicaso(the lowest are gender equality and land pseweverstill above 300).

Local sourcing and operations

This category encompasses mainly three sustainable practloeal meat slaughteringlocal meat
processing and local feedstuff supplyThelocal meat slaughteringequires an improved infrastructure,

with the need of strategic slaughterhouses built up per production region. This would reduce the distance
travelled by the animals. Nevertheless, it would need an investigation on the econa@iilityi Moreover,

the slaughterhouses should be all certified. Tleeal meat processingvould require the processing
operations to be moved into the slaughter facilities, therefore fostering vertical integration. If it is not
economically viable, keep pressing abroad. Regarding tloeal feedstuff supplythe only improvements
suggested by the interviewees were toward fostering mixed crop animal farming.

Sustainable transport and handling

This category of sustainability improvement options encompadbee practices, namelymprove the
sustainable transportexpand transportation netwotkimprove the legislation on live animal transport,
improve the education on relation between animal welfare and meat qualitst,pay price according to
meat quality According to the interviewees, there is the need to tre@sportation modeghat are more
sustainablethan road transport. Therefore, more investments in train and river modes are to be fostered,
after a precise codpenefit analysis on the economic kility and the research on locatiespecific
convenient sustainable modes. The use of ingerd cemodality is a sustainable transport strategy highly
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