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ABSTRACT

The aim of thisqualitative study was to find out how blockchain technology could be used to
increase the success of Dut c hThipwagdomabeyasingmar ket co
scientific literature, professional literature and interviews with PMMC supply chain partners and

blockchain experts

PMMC’' s are coll aborations bet wwlechusear mers and ot
differentiation strategy to create high valuablemeat products for consumers and to increase

profit. Fraud or unmarked errors, like selling conventional meat as PMMC meat, may fagancial

rewarding. However, tis has a negative effect on trust among supply chain partners and the

credibility of the PMMC towards conamers. Therefore, a good and credible assurance of the

PMMC is important.Blockchain technology (BT) can help to assure PMMC produantd

production processinformation. In blockchains, users together maintaira decentral stored and

continuous synchronized database Existing data within a blockchain carbecause of this setup

not be changed. Therefore, the blockchain provides trust for supply chain partners in each other

This research found thaBT can helptd ncr eas e s uc c asugingmbrm®RIbMAEd s by
increasing transparency and traceabilityput is not theHoly Grailt o a | | probl ems with
Centralisation of data in one single database might be an even more important first step that

leads to increasednsightsin products and production processes through the supply chain.

However, BT has a high potential to disrupt information sharing between chain partners in the

pig supply chain, by e.g. the development of new financing models.

Keywords: blockchain, pig supply chain, adoiod, pig meamarket conceptstransparency,
traceability, meat supply chain



MANAGEMENT SUMMARY

Fraud within pig meat market concepts PMMCs ) coul d be rewarding for i
partners, but is bad for theconsumercredibility of the whole PMMC This can decreas profit

and market share New information technologies, like blockchain technology (BT), might help to
decreasepossibilitiesandconsegi e nces of fraud i n PFrijok@tios . I n a BT
system,chain partners together maintain adatabase. Every paner has its own identical copy of

the database, which is continuously synchronized with the copies of the other chain partners.

Data can only be added to the system, every attempt to delete or chareesting information in

the blockchain will automaticaly be rejected.This systemmakesa BT supporteddatabase

practically tamper-proof. There is a difference between open blockchain systems, in which

everyone can participate, and closed blockchain systems, in which participants are invited. Open
blockchain systemshave the highest level of security, but have a lower level of privacy and

require more processing capacity than closed blockchain systems.

The main research question of this study was: h
thesuccessopi g meat mar Khistyuestionnvasamswesed Using gualitative

approach. Three types of sources were used, namely scientific literature, professional literature

and in-depth interviews with PMMC chain partners and blockchain expert$nterviews were

recorded, transcribed and coded using a tegdown and a bottomup approach.

Success of PMMC’ s can btwovdrables: oreating @added valmeefers ur ed i n
consumersand creating profit for PMMC chain partnersSeveral factors can contribte to the

success of a PMMC, like being efficient in the process of pig farming, having a constant product

guality, being relevant for consumers, valorisation of all parts of the pig under the concept

(square valorisation), a good tracing of origin, having@ limited price distance to conventional

produced products and being able to communicate product guarantees to consumers.

Furthermore, it was found that stting up a PMMC is a timeand effort costly process Besides,

the time in which producers can profitfrom their additional taken measures is limited.

ltturned outthatBTcan hel p to increase the success of Dut
chain transparency in order toprovide more information to chain partners and consumers. The

added value for consmers is that they will be better informed about the origin of the products

they have bought. Thistrengthens consumer trust and PMMC credibility which can lead to

more sales and more profifor chain partners. The increased transparency can lead to a gher

square valorisation bye.g.better valorisation of minced meat products. This results in a higher

supply chain efficiency and a lower cost price of product&p pl yi ng BT i n PMMC’' s mi
space for new finance models, e.g. by applying smart coatts.Smart contractscan help to pay

out premiums to parties that create added value within the supply chain which is not directly

delivering profit to themselves, like farmers who are using RFID ear tags instead of conventional

ear tags.

Consumerscanpo f it from application of BT in PMMC’'s by
and less possibilities for fraud with products Furthermore, they will be able to get more

information about the production process of the products they buytHowever, consumers

presumably take fraud prevention for granted and thus might not be willing to pay a premium

for products of a PMMC with BT applied because of fraud prevention.



DNA and RFI D technologies can contri b8tDNAto a su
technology, pigs can be traced from birth to plateRFID technology can be used to track pigs

from birth to slaughter and track batches of products from slaughter to supermarketiowever,

both technologies currently still are relative costly for usage on indidual animals, and thus

there should be a clear case for doing sBurthermore, RFID ear tags can get lost during the

process of pig farmingFor all three technologies(DNA, RFID, BTit applies that they are not

panaceas which solve all problems withil® M M CFingling clear business models for applying

BT in PMMC's might be difficult, but might be fo
products and decreasing impact of fraud and scandaRespondents currentlydo not see
applications of open blockclai n systems in PMMC’'s, because of tF
involved. However, they segossibilittesf or appl ying cl osed bl ockchain

Sharing information between chain partners increases efficiency and decreases unnecessary
production costs. ApplyingBT is not the most important factor that increases information
sharing, creating a central information platform is an even more important first step. Setting up
such a central database increases transparency, efficiency and possilglad to new insights
which can improve current supply chain processes. However, in order to keep a (BT supported)
central database compact, data sharing should be limited to high relevant data only. The
definition of high relevant data mighthowever differ between chain partners.So, good
agreemens between chain partners should be made on which information is shared in a (BT
supported) central information system, and to which level of detail.

Gathering data aindividual animal level might bean idealsituat i on f qbecaBskliv@n s
lead to more specific insights in products and production processes. However, currently
technical difficulties and relatively high costsare involved which causes that most data
collection is still done onanimal group levd. Possibly, developments in DNA and RFID
technology can contribute to increase possibilities for individual data collection.

Some technical and privacy issues are involved i
setting up a BT system is a process dlh costs a lot of time and effortBesides, as already stated,

finding a business model for the system might be difficult. Furthermore hain partners should

discuss a lot of different topics with each otheand make clear greemerts on those topics. For

example, a clear error protocol need to be developed. Besides, technical development and

maintenanceof a BT supported information system will probably be done by a third party with

expertise on software development. Chain paners should make clear agreenms on how this

party is paid. Furthermore, tie increased level of information sharing in a BT system may lead to

privacy concerns of chain partners. Chain partners should clearly discuss ownership of shared

data, which level of information detail is demaded and who gets access to shared data.

Future research could be done otthe application of BT in other animal production chains like
the production chains of eggs, beef, veal and chicken meat and organic products. Furthermore
BT might be applicable in manre accounting and feed production processes.

It is argued that the conclusions of this research are justifiecand that they are transferabldo
other livestock sectors like beef productionchains, egg productionchainsand chicken meat
production chains. Furthermore, it is argued thatthe research is transferable to international
applications of BT in livestock farming.
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1. INTRODUCTION

1.1. BACKGROUND AND SIGNIFICANCE

Profit in Dutch pig sector is under constant pressuréAgrimatie, 2016). Pig meat isproduced for
an anonymous bulk market, in which price is the only way of product differentiatioriBos, Grin,
Spoelstra, & Groot Koerkamp, 2010Because of this system of price differentiatiorthe pig
sector isstrongly cost-price driven. Another factor that pressures prices is theircular surplus
(and shortage)of supply and demandof pigscausedby farm termination and scaling of other
farms. Therefore,prices in the pig sector follow a price cycle. This principle is very old and is
known as the pig cycldCoase & Fowler, 1935)

An additional factor that explains the low profit of Dutch pig farmers is thekewed power
balance beween farmers and retail organizations. This is causes lilge funnel shape of the pig
supply chain.There were 4137 pig farms in the Netherlands in 2018(Centraal Bureau voor de
Statistiek, 2018). Ninety percent of the pig slaughtering in the Nethednds takes place at one of
the four biggest slaughterhouses in the Netherland@loste, 2016) Furthermore, there are only
five major retail buying organizations(Rol & van Diermen, 2018)This numerical difference in
market parties in different chain layerscauses a skewedpower balancein the pig supply chain,
which creates a strong power position for parties with an oligopoly position.

Another reason for the low margins on pig meat is thahost consumers choose the cheapes
products in the supermarket(van Vliet & van den Brink, 2011) Thisforces farmers to produce
ascost-effective as possible but also causes a low margin on revenues.

Some farmers do not want to participate in the rat race of loast-cost price production anymore
(Hilkens, Dijkman, Backus, & Klep, 2014)rherefore they change their strategy from a cost
leadership strategy to a differentiation strategy Those strategiesvere further described by

Michael Porter in 1980(Porter, 1980). Moving to a differentiation strategy is often donén
collaboration with other farmers and supply chain partners(ING Economisch Bureau, 2011)

This collaboration results ina pigmeat market concept (PMMC)In such a concept, additional
perceived value(extrinsic quality) for customers is created by usage of extrbegal measuresn

the production process(Ge, Brewster, Spek, Smeenk, & Top, 201Fpr example, most farmers

put for instance as many pigs at a square meter as allowed by lawadrder to produce as cost
efficient as possible. Whenaking extra-legal measures, less pigs are kept at a square meter. This
may improve animal welfare, but also increase costs and is therefore only done when it delivers
a higher selling priceOt her v al ue pr o pmledee.glawverenvimimeRaNMC’ s
footprint, local production or increased meat tastgvan Vliet & van den Brink, 2011) Some
examples of Dutch PMMC's are Livar (focusses o0on
animal welfare), Good Farming (more animal welfare in conventional production staés) and
Frievar (increased meat taste supply chaincollaboration) (van Vliet & van den Brink, 2011)

Some farmers have irfiact a businessto-business PMMC, like producers of breeding gilts.

Because of the higher cost and selling prices of pigs and pig meat in a PMgud can be

rewarding. An example of fraud in a Dutch PMMC is the selling of conventional pig meat as

organic pig meat by a Dutch slaughterhouse in 201@uisman & Van Ruth, 2014)In order to

prevent fraud in PMMC’s in the futurepgnd increa
supply chain and credibility of the pig supply chain, the blockchain technology (BT) can be useful

(Tian, 2016).



The blockchain is an information technology that is nowadays best known of its application in
the Bitcoin cryptocurrency (Tapscott & Tapscott, 2016) The ABN AMRO bank describe the
blockchain as a technology that let data on property transparensafdy and reliable be saved,
transferred and chronological retrieved(Hofstede, 2017). The Rabobank mention three possible
benefits of the blockchain: new business opportunities, increased supply chain transparency and
lower transaction costs(Smit, 2017). In blockchains, a distributed database is useib keep data

in a system that is prevented from manipulation and falsificatiofSwan, 2015) Distributed

means thatdata is not centrally stored, but atll computers within the network. Data within the
network is synchronized, so that at every computer the exact same version of the database
exists.Everytransaction has to be verified by other computers in the blockchain. Aftapproval

of the transaction it is added to the blockchainAs a result, there is no central owner of the
storage facility who might be able to change information in his favouiHackius & Petersen,
2017). When anyone would like to maipulate data he has to manipulate that data at all
computers within the blockchain network. Since most often the normanipulating parties have
more computing power than the manipulating party, it is very hard to manipulate data that is
stored within the blockchain. Therefore, blockchains are very useful to store data that should be
prevented from manipulating.

1.1.1. CONCLUSION OF BACKGROUND AND SIGNIFICANCE

In the current supply chain therecan bea lack of trust among chain partners. Besides, fraud can
be commited which decreases the credibility of the pig sectofvan Vliet & van den Brink, 2011)
The blockchain technology may solve those problem(®mit, 2017).

1.2. DUTCH PIG MEAT MARKET CONCEPTS

In this paragraph, PMMC' s wi | | b eandfbeiplatel ia the conekt ofthd whole d
pig sector. First, a general introduction about figures and numbers can be foundir2.1 and
1.2.2. In 1.23, motives for producing in a PMMC are given. Thereatfter, different value
propositions are given, and thaerm square valorisation is introduced. Finally, the importance of
tracking and tracing through the supply chain is given.

1.2.1. GENERAL INTRODUCTION TO THE DUTCH PIG SECTOR

In 2018, the total Dutch pig sector included 12.46.161 pigs at 4.137arms (Centraal Bureau
voor de Statistiek, 2018) There are onlyfive major retail organizations, which causes a skewed
power balance. Furthermore, there is a high level of competition between the Dutch pig sector
and pig sectors from other European countrieg§Hoste, 2011) Individual farmers have not much
negotiating power, because othe skewed power balance in the pig supply chain. Compared to
feed producers, slaughterhouses and retailers, the financial margin of pig farmers is Igwan
Grinsven, van Eerdt, & Westhoek, 2014Because of the low profitnade, innovation is difficult
for farmers. Infigure 1.1, the Dutch pig supply chain is visualized.

Breeding = Fln'lrsar:;:::g : Slaughterhous

Figure 1.1: Depiction of Dutch Pig Supply Chain

1.22. RELATIVE SI ZE OF DUTCH PMMC’ s

I n 2011, it was estimated that 1.800. QahWlietpi gs at
& van den Brink, 2011) At that moment, there were in total 12.49.138 pigs in the Netherlands

at 6.525 farms(Centraal Bureau voor de Statistiek, 2018)in 2014, the number of Dutch pigs



kept i ngrdwhbN000900 pigs at 700 farmgHilkens et al., 2014) In 2017, it is
estimated that the total Dutch pig sector included 1200.699 pigs at 4.3 farms (Centraal
Bureau voor de Statistiek, 2018)It is estimated that 45% of the total number & Dutch pigs
produced (so almost 5.6 million pigs)are produced in a PMMQ@van Bergen, 2018) All those
data taken together, it can be seen that the total number of pigs in the Netherlands is stamt,
the total number of pig farms decreases and the number of PMM&ms increases.

1.2.3. VALUE PROPOSITIGN | N PMMC’ S

Besides scale advantages in purchasing and sale
characteristics the creation of a (perceived) vale proposition for end consumers. All those value
propositions involve extra-legal measures in the production process and handle in fact the

creation of additional extrinsic quality (Van Stokkom & Kamps, 2014)Iin chapter 35, quality

cues will be further elaborated on.

1.2.4. ALLIANCE FORMATION

I n order to successful |y tdtheicustgmep creatthgiecstrasegio f pi g s
alliance with a slaughterhouse and retail organization is of great importandgan Vliet & van

den Brink, 2011). In such an alliance, relationships are focussed on long term and costs and

benefits are shared.

1.2.5. STRATEGIES AND MOTHS

Farmers who start producing in a PMMC move from a celtadership strategy to a
differentiation strategy or differentiation focus strategy (Hilkens et al., 2014) Concepts like
Good Farming Star from VION or Beter Leven from the Dierenbescherming use a normal
differentiation strategy, since they serve a midange meat segment via supermarket
(Dierenbescherming, 2017; VION, 2017)Livar however is an example of a company with a
differentiation focus strategy, because they only serve the highnd segment of the PMMC
market via tradition al butchers and exclusive restaurantgLivar, 2017).

Among farmers that produce in a PMMC, there are different reasons to participate in a PMMC.

Additional revenue is mentioned, assthe wish to produce more animal friendly(Van Der

Schans, 2004) Forsuper markets, motives to more to more differentiated products are

improvement of animal welfare and to provide more possibilities to choose between different

products for critical consumers(van Galenetal.,2011) Fur t her more, pressure
Wakker Dier let them chang their procurement policy (Rotgers, 2011)

Pig farms that start to collaborate in a PMMG®Gften change their whole farm to the way of

producing that is prescribed by the PMM@Van Der Schans, 2004)~or other chain partners, the
PMMC is often just a product bedes conventional products that they sell. Therefore, pig

farmers are much more dependent on success of the PMMC compared to e.g. a slaughterhouse or
a retail organization (Van Der Schans, 2004)Continuoussales are thusmecessaryfor the

proliferation of a PMMC(Sukkel & Van der Waal, 2007)

1.2.6. SQUARE VALORIZATION

In selling PMMC pigs and meat, the principle of squawvalorisation is of great importance(van

Vliet & van den Brink, 2011) Hi gh value parts of pigs from PMMC
a higher selling price compared to the same parts of pigs from a conventional system, because of

the value proposition of thePMMC. However, for less valuable parts that are sold in an

anonymous market, this value proposition does not add value to the product. Therefore, it is sold



for the price of conventional meat, but has the higher cost price of meat from the PMMC. The
more parts of the pig that can be valorised in the PMMC, the higher the profit on the total pig
that is made despite the higher production costsA good supply chain tracking system can
increase the square valorisation rate of the PMM@roducts, because origin ®minced meat
products like e.g. sausages can be tracadd product streams of PMMC meat and neRMMC
meat can be better separatedTracing of PMMC productthus could be aressential stepin
assuring origin of meat in order to increase the square valoris@n rate of PMMC meat.

1.2.7. TRACING INDIVIDUAL PIGS: RFID AND DNA MARKERS IN PIG SUPPLY CHAIN

An i mportant issue in pig mdvognum&valBvVZD13s i s assu
Assurance of the pig supply chain, thus improving traceability in the pig supply chain, improves

credibility of extrinsic quality traits (Northen, 2000). Besides, it prevents fraud (e.g. relabelling

of non-PMMC meat to PMMC meaHuisman & Van Ruth, 2014)DNAtracing and RFID

technique are the two ways of product tracing through the pig supply chai@iVognum & van Erp,

2013). Both technologies are however quite costly to use for following individual pigéDalton

BV, 2017; Van Haeringen Laboratorium, 2017Furthermore, for both technologies some issues

should be fixed before they can help to verifgrigin of meat for 100%, as can read isection 59

(Wognum & van Erp, 2013)

1.3. BLOCKCHAIN TECHNOLOGY

The blockchain is a central database which is decentralized storé8wan, 2015) Transactions

that take place will be packed with other transactins in a block. So called miners check whether
the transactions are correct according to the rules of the system. An example of such an check is
that money cannot be spend twicdDrescher, 2017) Furthermore, a hash code for the block is
calculated (see 42). After agreement of all miners, the block is added to the blockchain.

BT was first used as the technology behind cryptocurrencies as bitcoin, which was established in
2009. Other uses of BT are even newer, which can be illustrated by the fact that Ermglish
Wikipedia page of BT only was created at the 3%f May, 2015(Wikipedia.org, 2017).

Applications of BT are still in their early stage of developmer(Pilkington, 2015). However,

many authors state that BT has a high potential to disrupt current supply chains, like e{emit,
2017). Implementing BT in the financial world could possibly save 15 to 20 billion dollars
because e.g. transaction costs drop andds employees are necessafghrier, Sharma, &

Pentland, 2016)

Because of the newness of BT, not much scientific literature is present yet. This is especially

within the agriculture and food sector, sinceonly a limited amount ofstudies match the search

queries “ Bl ockchain AND agriculture” (fanme studies
“Bl ockchai (threa $udiesffromo2016, seven studies from 2017, 37 studies from

2018) at Scopus.

1.4. PROBLEM DESCRIPTION

Fraud i nsbBRdvdviiGe csedibility of the PMMC. Furthermore, chain partners can lose
revenues when conventional products are unfairly upgraded to PMMC productsaud) . This
decreases trust of chain partners in other chain partners. Truss hard to get and easy tdose,
thus assurance of trusfor chain partners and consumerss of great importance for vital
PMMC’ s.



According to Tian and Smitblockchain technology B8T) is a high potential techmlogy that can
help to solve problems on credibility and fraudwithin Agri-Food supply chaindy increasing
transparency and traceability(Smit, 2017; Tian, 2016) This can be done by creating a supply
chain broad information system in which individual animal products can be traced frorfarm to
fork. The advantage of a SC information systesupported with BT compared to a non BT
supported SC information system is the ditributed ledger technology, which guarantees the
integrity of the information in the system (Smit, 2017). However,sinceBT is very newand
applications are still in their infancy, not much isyet known about the applicationof BT inAgri-
Foodinformation systems. This research willtry to fill the knowledge gap on howfraud and
credibility problems in PMMC’' sSCnfarmatibnesystenaslinv e d
those PMMC’ s.

1.5. PURPOSE
The purpose of this research is:

PURPOSE

¢2 3JAFAY AyaArdaKd AYy K29

1.6. PROBLEM STATEMENT
MAIN RESEARCH QUESTION

How can Blockchain Technology (BT) help to increase the success of Dutch Pig Meat Mar
Concepts (PMMC's)?

In order to answer this main research questia, six sub research questionhiavebeen
formulated. Thosecan be divided in two groups andire formulated as follows:

PMMC'’ s

What arethe critical factorsthat determine the successobut ch P MMC’ s ?
What are challenges for cur inlermatonand futur e
management point of view?

LR

Blockchain Technologyy n P MMC' s
5. What are applications of blockchain technology i MM’ s
6. What arechallengesin applying blockchain technologyinDut c h RPMMC’ s

All the results that are gathered in thosesix sub questions together will answer the main
research question. A further elaboation on research methods will be given in the research
methods chapter. In figure 1.2, the relationship between the main research question and the
different sub research questions is visualized.

How can success of PMMC's be defined and mea:c
Whatisimportant i nf or mati on to share between partne



Management

issues
can decrease (SRQ 4) decrease

Information : contribute to Success of
. Success factors ;
sharing PMMC'’s

(SRQ 2) (SRQ 3) (SRQ 1)

can possibly

contribute to
is possibly

is used for is asking how

BT in PMMC'’s

(SRQ 5) 148

cause
difficulties

Challenges in

implementing BT

(SRQ 6)

Figure 1.2: Visualisation of relationships between sub research questions and the main research questio
Source: own elaboration.



2. RESEARCH DESIGN AND METHODS

2.1,

STUDY DESIGN

Since the toockchain technology is relatively new, not much literature about application of this
technologyin Agri-Foodis available at the moment. Therefore, this research is exploratory of

nature. For exploratory research, qualitative studies are appropriatetous( Boei j e, 't

Hox, 2009) Formanet d. described qualitative research as a discovery proceg§orman,
Creswell, Damschroder, Kowalski, & Krein, 2008)n table 2.1, thesubresearch questions

(S R Gate giyen together with the researchand anaysis methods.The centre of graviy of this
research lays in SRQ 5 and @'hose topics on which the least information is available in
literature.

Table2.1 List of sub research questions with required data, research methods and anatgsi®ods.

#  Sub Research Question (SRQ) Required data Research Method Analysis Method
1a o Re?dlng smlelptlflc and Literature review
How can success of PMMC’s be  Definitions of success of _Professional literature
1b defined and measured? PMMCO s Conducting chain Transcription, coding and
partner interviews analysing interviews
Reading scientificand | . .
2a What s important information to  Types of information professional literature ~ -erature review
—— share between partners in shared between chain - - — -
op PMMC's? partners Conducting chain Transcription, coding and
partner interviews analysing interviews
3a B Reading scientific and Literature review
What are the critical factors that Critical success factors professional literature
—— determine the success of Dutch f PMMCo : : — .
3p PMMC's? 0 0s Conducting chain Transcription, coding and
partner interviews analysing interviews
4a Reading scientific and Literature review
What are challenges for Dutch Management challenges _Professional literature
—— PMMC’s from information in PMMCHs - - — -
4p Management point of view? Conducting chain Transcription, coding and
partner interviews analysing interviews
5a o Reading scientific and Literature review
What are applications of Applications of BT in professional literature
—— blockchain technology in Dutch PMMC 5 - — -
50 PMMC's? 0s Conducting expert Transcription, coding and
interviews analysing interviews
6a ) ) Reading scientific and Literature review
What are challenges in applying  Management challenges  professional literature
— blockchain technology in Dutch in setting up BT systems - — -
6b PMMC's? PMMCOH s Conducting expert Transcription, coding and
interviews analysing interviews
TheSRQ' s consi out of a | i tTeereaultswoftlee litpraturet a n d

parts of each SRQ deliveihe theoretical background that was usedto put up the interview
protocol for the second part of that SRQ. Ehinterviews aim at finding new insights that are not
yet present in scientific or professional literature.

2.2,

LITERATURE REVIEW

To gain insight in succs s
literature wer e reviewed. Professional literatureinclude websites of chain partners, websites of
concepts, magazines and news articles.

f act or, scieaqtific literdMiMeCandsddocuments or professional

The literature review of SRQ & and6a were done systematically. In table 4.2, the used keywords
for scientific article selection are given. The first step of article selectiomwas checking whether
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the article is in Dutch or English. Secondly, the title and the stvacts of the found articles wee
read to chek whether the article really could be useful. When this wathe case, the full article
wasread. Possible interesting articles to wigh is referred by the research wee found through
showballing.

Table2.2: Keywords and numberof hits as of 26 April 2018

Keyword Number of hits | Combined with Number of hits
Applications AND Blockchain 280 Food 11

Applications AND Blockchain 240 Agriculture 2

Blockchain AND Agriculture 4

Blockchain AND Food 8

2.3. INTERVIEWS

Theresultsofthel i t er at ur e p wereused to Make am eter@dw@rotecol and an
initial code book. Tte (in-depth) interviews were done using a semsstructured interview
approach.This approach waschosen to set a main structure to thénterview but give the
interviewee the chance to elaborate on concepts that are important but unknown to the
researcher.

For the interviews, purposive sampling wasused.This means that therespondentswere not
randomly selected, butespeciallyselected because the researeh consider them as the best
available useful sourcegForman et al., 2008) Purposive samplings the main wayof sampling
that is used in qualitative researchBy purposive sampling,somerespondents were selected
which also had interestingformer working experience ina complete dfferent role within the
supply chain. Namely, one of the respondents was involved in trading, one in a meat processing
company and a third in the financial world.This made it possible to cover a broad part of the
supply chain, while the amount of respondents was limited because a¥ailability and time

issues.

In table 2.3,selectedinterviewees andcompaniesare given.Because of the diverse backgrounds
of the interviewees, a special question list was prepared for almost every interviewee (except for
the blockchain experts).In appendix 1, the questionnaires that were used are given.

Table2.3: Interviewed respondents and their employers

Type of company Interviewee Code | Date

Blockchain consultancy company | Blockchain specialist El 03-10-2018
Breeding company Information specialist Gl 05-10-2018
PMMC chain director Chain director C1 08-10-2018
Feed company Concept manager F1 05-11-2018
Research institute Blockchain specialist E2 05-11-2018

The functions of the interviewees at their employers is mentioned in th respondents list, which
can give readers clues why those respondents have certain knowledge or a certain opinion.
Quotes from the interviews were used to illustrate the opinions of respondents, which improves
clarity of the findings. However, the namesfahe respondents and companies could not be
provided in this research, because of privacy considerations.



2.4. ANALYSIS OF INTERVIEWS

The concepts that were found during the literature review were used to set up a tegown code
book (see Appendix Il.a). Thisode book was used during theet-up of the interview protocols,
in order to be sure to cover all topics found in literature.

After permission of the interviewee, the interviewwas recorded in order to be able taranscribe
and analyse it well. The aud files were transcribed in Dutch, since all the interviews took place
in Dutch. The transcripts were coded deductively, or using a topdown approach That means,

the codes are based on the results of the literature reviewhe codes used when analysindge
interviews using a top-down approach can be found in appendix Il.a. Besidesdso inductive
coding was usedInductive coding means that new codes can be added in a bottom up approach
becausethe researcher thinks that those concepts are important to te into account(Forman &
Damschrode, 2007). In appendix Il.b, the codes used in analysing the interviews in a bottom up
approach can be foundThe results from theinterviews were used to answer SRQ 1b, 2Bb, 4b,
5b and 6b.In figure 2.1, this procedure is visualized.

Code book
(bottom up)

Concepts found during Code book Interview Interview Interview
literature review (top down) protocol transcripts analyses

Figure2.1: Used procedure in setting up and analysing interviews. Source: own elaboration.



3. THEORETICAL FRAMEWORK
In this section, literature about relevant concepts for this research will be presenteth paragraph 3.6,
a conceptual model is set up.

3.1. AGENCY THEORY

The agency theory explains the relationship between principals and agen#sn example of such an
relationship is employer-employee, or insurerinsured person(Douma & Schreuder, 2008)The
agency theory describes two problems in thiselationship: conflicting interests and asymmetric
information. The concept of asymmetric information was introduced by George Akerlof in 1970
(Akerlof, 1970). A further elaboration on asymmetric information wil be given in paragraph 3.

An example of the agency theory: the agent has to fulfil the task that was imposed by the principal.
The principle may estimate a certain task to last for four hours. The agent has to conduct the task and
has additional information about the duration of the task, which is in this example three hours. When
the agent is paid per hour, it is thus not in his favour to work very hard and finish the work in three
hours instead of four. The principal however does not know that he paysa® much salary, because he
has not information about the duration of the task. In this example, both conflicting interests

(maximal salary is in favour of the employee, minimal salary expenses is in favour of the employer)
and asymmetric information (duration of the task is not known by the employer) play an important
role.

The principal can designate a monitor to check the agent on work efficien(@@ouma & Schreuder,
2008). However, two problems emerge. Firstly, paying salary for a monitor increases costs. Secondly,
the monitor also may shirk (neglect) his task. So, a monitor should monitor the monitor. Since
monitoring the monitor can be dae endless, the end responsibility of monitoring should be given to
the person who his reward is the profit minus all other cost§Douma & Shreuder, 2008). After all, if

this person shirks his task he would have less income which is unfavourable for him.

Another solution for the endless monitor cycle problem is creating competition between different
agents. When there is competition betweedifferent agents, an agent is more likely to increase the
speed and quality of his workDouma & Schreuder, 2008) Otherwise, he may los¢he task to the
other agent. Within supply chains, a lot of principahgent relationships are serial interlinked
(Lazzarini, Chaddad, & Cook, 2001)

3.2.  ASYMMETRIC INFORMATINO

3.2.1. THE PROBLEM

As said in paragrapi.1, the principle of asymmetric information was described first by George
Akerl of i n the plagpma (AkElhI®O70MENe kewd thefpaper is that uncertainty
on the quality of products in a market can have big consequences on which products are sold in that
market. There is no effort for a seller to déan product with an aboveaverage quality, because selling
price is the average market pric€Akerlof, 1970). The reason for this is that information on

production quality is lacking, or not perceived as credile by consumers.

However, there is effort for the seller to sell a product with a belovaverage quality against market
price. Since customers cannot distinguish good and bad quality products, they will buy less products.
Therefore, market price drop. Forsellers of good products, it is not attractive anymore to sell their
products in the market. Thus, they withdraw their products from the market. Thus, information
asymmetry makes prices drop and market volume shrinkAkerlof, 1970). The outflow of good quality
products and product sellers caused by this effect is called adverse selection.
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In such a situation of information asymmetry, customers have to put additional effort in obtaining
enough information on product quality. This results in additional transactioncosts (see paragraph
2.3). Furthermore, there is a relationship between theory on asymmetric information and the agency
theory. When a customer could not get good insight in product quality, it is for &ker not necessary
to sell good products to customers.

3.2.2. POSSIBLE SOLUTIONS

There are different ways, or institutions, to decrease the effects of information asymmetry on quality
(Akerlof, 1970). Firstly, guarartees can be provided. Sellers will not give much guarantee on bad
products, and buyers will prefer products with much guarantee on it. Secondly, companies can build a
certain (good) reputation with their products (Akerlof, 1970). This reputation can be expressed to
customers by setting up a brand. In this way, the reputation of the product is communicated via the
brand (Akerlof, 1970). For example, people may preferMBonal d’ s r est aur-oodt s
restaurants, because they have a reputation of providing a fixed level of quality in every restaurant.
Important then is that the brand is credible so that customers trust a brand in delivering constant
quality Because the MC Donald’s brand is perceived
institution for consumers.

Thirdly, a system of licensing may be used to accredit sellers of good quality products and thus
provide trust for customers (Akerlof, 1970). Therole of licensercan be taken by either governments
or private organizations. However, having the monitoring role in a certain role gives organizations a
lot of power (Akerlof, 1970). Furthermore, monitoring will cost money, which should be paid by
monitored parties, parties who profit from this monitoring or the government.

The function of spreading information through the supply chain in order to decrease infmation
asymmetry could be conducted by a central information system, supported by blockchain technology
(Shrier et al., 2016) The information system can be compared with a database programme like
Microsoft Access, the blockchain technology as a module that sets additid rules for data handling

and changing in the database. Because of the better information quality and flow through the supply
chain, fraud decreases and credibility and trust increase. Furthermore, monitoring costs will decrease
when this function is fuffilled by the blockchain. However, data follows thgarbage in, garbage out
principle. So, when incorrect data is entered into the blockchain, the data never gets better than what
is entered into the system. However, because more information sources canligter compared with

a central data system, it gets easier to find mistakes or cases of fraud. More about this can be found in
chapter 4.2.3.

3.3. TRANSACTION COST THEORY

ab

as

Transaction costs (TC’" s) are costs t hallecoaunteel made

up to the normal production costs in order to get a complete overview about the costs of a product of

a service(Douma & Schreu@r,2008). TC’ s within companies are nor me

companies.

A lot different in between strength of relationship of parties conducting a transactions exist
(Williamson, 1979). The freest one is a pure market transaction, in which parties are hardly known to
each other. This kind of relationship has the
hierarchical relationship, in which the transaction is conducted within the same company

(Williamson, 1979).
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According to MacNeil, the purpose of contractsito facilitate exchanggMacNeil, 1973). This is
necessary since transactions cause friction between firn{globbs, 1996) Thus, the contract has the
function to decrease riskgWilliamson, 1979). Coss of transactions can be separated into three kinds
of costs, namely costs to gather information, costs on negotiation and costs on monitoring. The costs
on gathering information are e.g. the hourly wage for the time in which different suppliers are
compared with each other. Negotiation costs include e.g. the actual negotiating, the setup of a contract
and possibly the hiring of a third party like a notary or auctioneer to function as an intermediate in

the transaction (Hobbs, 1996) Thirdly, monitoring costs involve costs that a& made when e.g. itis
checked that the other party comes to the agreements from the contract. Furthermore, quality control
of obtained products involves costs. The legal enforcement of a contract that was broken is another
cost item that can be placed unelr monitoring costs (Hobbs, 1996)

At the basis of the transaction cost theory, four other concepts are presefitobbs, 1996) Firstly,
bounded rationality is mentioned. This means that in complex situations a human is not psychical
capable of taking into account all different possibilitie§Douma & Schreuder, 2008)An example is a
chess match, in which all pieces are visible, but evaluation of all possible options is hardly possible.

Secadly, in every transaction there is a risk that parties have opportunism, i.e. they exploit a certain
situation in their advantage(Hobbs, 1996) An example is a situation with an unequal power ratio
because of a big difference in number of suppliers and buyers. For instance cgirthere are not so
many retailers in the Netherlands compared to a lot different pig farmers, it is easily for the retailers
to exploit this power difference by not coming to previous made agreements or add additional
requirements to product or production methods.

Thirdly, asset specificity is an important concept within transaction cost theoryHobbs, 1996) The
production of specialized products is an important source of value creation in supply chains
(Subramani, 2004) An example: Firm A produces a specialized product for firm B. However, B acts
opportunistically and reducebuying price, because it knows that the products of firm A could not be
sold to other firms than firm B (Hobbs, 1996) Hobbs calls this opportunistic behaviour of B
opportunistic recontracting.

Fourthly, information asymmetry is important in transaction cost theory(Hobbs, 1996) This theory

of GeorgeAkerlof was already handled in paragrapt8.2, but now it will be applied on opportunistic
behaviour and transaction cost theory. Two kinds of opportunism may rise from information
asymmetry, namelyex anteand ex postopportunism. The first kind of opportunism is involved in the
adverse selection that was developed by Akerlof and already handled in paragrapl2 (Akerlof,

1970). The other kind of opportunism,ex postopportunism, is called moral hazard. An examplis that
insured persons are not very careful in preventing damage, because they know that damage is
reimbursed by the insurance companyHobbs, 1996) A possible way to decrease this effect is the use
of an own risk rate, which is paid by the insured person before the insuran@®mpany starts paying.

3.4.  SUPPLY CHAIN MANAGEMENT

Benton and McHenry defined supply chain management (SCM)the management of a network of
interconnected businesses involved in the provision of product and service packages required by the
end customers ina supply chain(Benton & McHenry L.E, 2010).

In SCM, all storage and movements of materials, inventories, finished goods from their point of origin
to their point of consumption are included(Fawcett et al., 2013) SCM tries to make the cost of@tage
and movement of products and services through the supply chain as low as possible. Examples in
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which ways this can be derived are efficient allocation of production facilities and an appropriate
purchasing strategy, to that there will not be costly srpluses or shortages of products. Furthermore,
increasing the efficiency of logisticss important in SCM. The difference between TC theory and SCM
theory is that the first focusses on lowering (potential) costs in individual transactions, while as the
second theory focusses on lowering costs in the whole supply chafilliamson, 2008).

Information systemscontribute in realising efficient supply chairs (Subramani, 2004) For example,

the bullwhip effect decreases when information is well sprea@Bray & Mendelson, 2012)The

bullwhip effect causes a disproportionate increase or decrease in demandugistream supply chain

partners, caused by a lack of information on small changes of demand down in the supply chain

(Fawcett et al., 2013) Thus, a lower bullwhip effect stabilizes productior{Bray & Mendelson, 2012)
Furthermore, a good information system can decr ec
advantage that works interorganizational (Subramani, 2004)

3.5.  QUALITYMANAGEMENT

The most common definition of quality that is used nowadaysde scr i bed by Juran: *
f or (lusare 2M3)(pl5). Attributes of the product that do not contribute to the functionality of the

product may be important for customers to fulfil their needs(Kianpour, Jusoh, & Asghari, 2014)

In Agri-Food, functional and nonrfunctional are better known as respectively intrinsic quality traits
and exrinsic quality traits (Van Stokkom & Kamps, 2014)Examples of intrinsic quality traits ae e.g.
colour, leanness and marbling of the meat, while as country of origin, price, quality/brand assurance
labels and place of purchase are extrinsic quality cues according to consumer research of Henson,
Northen and others(Henson, Northen, Schiefer, & Helbig, 1997Because extrinsic quality traits are
not measurable in the end product (meat), it is important to assure them by a good information
system in the pork supply chainBalendonck, Bruins, Hogewerf, & Ipema, 2003Vithout a clear and
credible information system, information asymmetry emerges between the seller and buy€Akerlof,
1970). This has a nedgave effect on product images, product prices and market size.

Processes within the supply chain can have a big effect on intringquality cues of mea{Northen,
2000). For example, a too high temperature durig transportation of meat can reduce shelf life of the
meat. Assuring supply chain variables that influence intrinsic quality cues in a management system,
for example a management system supported by BT, may increase overall product quality and
credibility. Quality assurance schemes can help in communicate information about extrinsic quality
cues to consumers and thereby providing trus¢Spriggs, Hobbs, & Fearne, 2000However, the quality
management systenthen should be credible and inspections that make sure rules are respected
should be trusted bythe consumers.

By implementing quality management systems, a lot of technical data pnoducts and processes
within Agri-Foodsupply chains can be gathered. However, this information is often not usable by
consumers because it is quite technicgNorthen, 2000). Therefore, a lot of the data on quality that is
collected in the supply tain is mainly meant for downstream chain partners in order to determine
the quality of the received products. A good quality assurance systems is useful for supply chain
partners, since it decreases transaction cost{rienekens & Zuurbier, 2008)

Furthermore, Northen states thateffective communication between supply chain partners can reduce
costs on quality assurancéNorthen, 2000). Thismay provide possibilities for implementing BT, since
in a central database variakes on production processes can be stored and quality can be better

13



monitored. This possibly also encourages chain partners to improve quality of products they deliver,
because they are no longer anonymous producers ahonymous products.

3.6. PRELIMINARY CONGHUAL FRAMEWORK

The preliminary conceptual frameworkderived from the literature study is graphical visualized in
figure 3.1.The pluses and minuses between factors determine whether there is a positive or a
negative correlation expected between them.

Thereason that conflicting interests and information asymmetry are together in one box is that the
combination of those both factors result in fraud, transaction costs and a decreased level of customer
perception of quality. Without conflicting interests, thee is no reason for fraud. Without information
asymmetry, there are no transaction costs. And consumensight probably perceive quality of

products of a PMMC higher when chain partnemagreeing with each other instead of having conflicts
with each other.

The preliminary conceptual framework severed as input for the literature research, which at its turn
was the input for the top-down code book that was used to set up the interview protocolén appendix
I1l, more information about the operationalisation ofthe conceptual model can be found.

Fraud in supply
chains

Conflicting
interests

Transactional Succes of
costs PMMC'’s

and

Information
asymmetry

Customer
perception of

quality

Figure 3.1 Preliminary Conceptual Framework. Source: own elaboration.
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4. BLOCKCHAIN TECHNOLOGY

4.1. INTRODUCTION

In chapter 4, general information about the possible applications of blockchain technology is given.
This information is quite technical and not directly related to blockchains in AgriFood systems.
Therefore, it is treated in a separate chapter before chapter 5, which contains the results of this
research.

4.2. TECHNOLOGY BEHIND THE BLOCKCHAIN: HASH CODES

From the input data, a hash code is calculatewan, 2015) This hash code is a unique derivative of
the data with a fixed number of characters. Because of asymmetric cryptography, it is almost
impossible to calculate the original data from a hash cod®rescher, 2017) Even the smallest change
in the input data, like a change of a capital letter to a lowecase letter, will result in a complete
different hash code. This is important, since it makes the data which is represented by the hash code
unchangeable without changing the hash code. Besides, it is importanathit should not be possible to
predict the hash code from the original datgDrescher, 2017)

The block that is added to the blockchain contains at least the hash of the block, the hash of the

previous block and a timestamp in order to determine the ordeof the blocks(Drescher, 2017) Since

in blockchains all blocks refer to the hash of the previous block, a change of a hash somewhere in the

chain will result in a discontinuous chain. This is not allowed by the protocol of the blockchain, so the
adaptedblock is rejected. This principle is the basis for the infeasibility of unauthorized changes to

data in the blockchain. Note “infeasibility” 1inst
change a blockchain when a party has more than fifpercent of the computing power within the

blockchain (Tian, 2016).

43. FRAUD PREVENTION AND TRUST ASSURANCE

Since data in tle blockchain is not changeable and data is only added when it meet the rules of the
blockchain, fraud becomes hardly possibléHackius & Petersen, 2017)In conventional systems, third
parties like governments, the cadastre, banks, notaries or other private organizations have the role of
approving transactions. Those parties check that every party comes to his agreements. Thus, they
provide the trust within the agreement. In a system with a blockchain, the blockchain serves as a third
party that approves transactions and therefore provides trust in businespartners. So, the
governments, cadastre, banks, notaries and other private organizations are not necessary anymore to
confirm and monitor transactions and become superfluougDrescher, 2017) This decreases costs of
transactions. Besides, because less 8uin the other party is needed, trade with less known or
unknown parties is made safely possibléDrescher, 2017)

However, the principle of garbagein garbageout is also in systems with a blockchain important to
consider (Ge et al., 2017)When incorrect data is pt into the information system, the output data is

also not credible. For example, it may be possible to enter 13 piglets in the information system instead
of the 15 piglets that were born when this would be favourable for the farmer. However, transparency
improves in blockchain systems and crosinkages of data are easier to condudtGe et al., 2017)

Since data input, output and sharing of data becomes more transparent and quality of information
gets better, it becomes easier to find cases of fraud.

4.4. SMART CONTRACTS
Smart contracts (SC) are another high potential application of BBmit, 2017). Swan (2015) mention
smart contracts as a 2.0 application of blockchains, between cryptocurrencies (1.0) and beyend
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financial applications, likeeg. copyri ght assurance or applicatior
execute a SC, all relevant variables should be digitally availaliavan, 2015) As a side effect, this

storage of data in the blockchain makes the (independent) variables, and thus the (dependent)

contract, tamper-proof (Mattila, 2016).

Smart contracts work fully automatically. When all requirements for a certain transactiofrom a SC
are fulfilled, the asset changes automatically from owner. Compared to normal contracts, there is no
trust in the other party needed about them fulfilling their commitments from the contract. After all,
this trust is assured by the BT behind th&C and the contract is conducted autonomoiSwan, 2015.

4.5. DISADVANTAGES OF THE BLOCKCHAIN

Besides all aforementioned advantages on preventing fraud and assuring credibility in supply chains,
there are also some disadvantages. Firstly, since the monitoring role is taken by the blockchain, it is
not necessaryfor third parties anymore to fulfil this role and many jobs will be lost(Drescher, 2017)
Secondly, since data in the blockchain is open availalfta the public (in open blockchains) orother
partners (in closed blockchains) the level of privacy decreses. This is mainly a problem for
companies who have trade advantages because of information asymmetry between them and their
suppliers and customerg(Akerlof, 1970). Implementation of blockchain technologycanresult in
complete different hierarchies and power relationships than nowadays the case (Swan, 2015) This
development is not per definition wrong, but it can have far going social consequences. Lastiyen
blockchains are often considered as not environmental sustainable, since a high amount of energy is
used by the mining computergSwan, 2015)
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5. RESULTS

5.1. INTRODUCTION

In this chapter, the results of the literature studySRQ 1a to SRQ 6a) and the results of thmpirical
research (SRQ 1b to SRQ 6bje presented.The outcomes of the literature study served as input for
the empirical part of the research they were used to create the different lists with interview
guestions.

The interviews were transcribed andanalysedusing the code book that was made out of the results of
the literature study (top-down). Furthermore, when unknown concepts emerged out of thempirical
research, they were added (bottorrup). Combining topdown and bottom-up coding makes it possible
to analyse interviews in-depth (Saldafia, 2014) In doing so, insights were acquired which were used
to answer the research questions

In this chapter, for every discussed topic the relevant literature is given first. Thereafter, the opinions
of the respondents are given. Thereaftesimilarities and differences between the literature and
practice are discussed.

An overview of the interviews that were held is presented in tablé.1. This table is equal to table 2.3
in paragraph 2.3, where more information about the sampling and interview procedure can be found.

Table5.1: Overview of inteviews and respondents

Type of company Interviewee Code Date

Blockchain consultancy company | Blockchain specialist El 03-10-2018
Breeding company Information specialist G1 05-10-2018
PMMC chain director Chain director C1 08-10-2018
Feed company Concept manager F1 05-11-2018
Research institute Blockchain specialist E2 05-11-2018

5.1.1. CONTRIBUTION ORESPONDENTBEO P MMC' s

Respondents G1,Clandkler e asked: “I n which wayThkpy you cont
mentioned severalways in which they are abletoe nt r i b ut e ThebrecdiMMa@ripany can

select boars which inherit specific traits that are interesting for a PMMC, by creating e.g. a custom

breeding index. Those boars are always part of the general population; it is not economically

interesting to create a special pig breed foa certain PMMC. Furthermore, the breeding company

could play a role in tracing of PMMC pigs through the supply chain by giving support on individual

animal registration and DNA tracing of pigs and meat (e.g. facilitation sample analysis process,

creating pedigrees).

Farm supplying companies are interestedi  how t hey could support PMMC’
respondents was especially hired to manage all affairs withNMC that are present within the

company. The respadent advisesother chain partners like farmers, and contribute in PMMilots

on behalf of the company to gain knowledge about
respondents described that the responsibility of a company is different when they aggoducing in a

PMMC, compared to their responsibility in a noitonsolidated supply chainNamely,working

together on a successful result is namely even more importairt a PMMQhan in a nonconsolidated

supply chainaccording to the respondent

Whenther espondents F1 and Gl1 were asked for their r
that PMMC revenue models aheir companies do not differ that much from revenue models on
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conventional farms. Thus, the farmer pays the feed company for the feed ahé genetic company for
the semen. However, sometimes a price premium is involved, when e.g. boars are especially reserved
for usage by the PMMC. Additional services, like facilitating a DNracing program, can be billed to

the PMMC via the chain concephanager. At their turn, chain concept managing compani€kke the
company of respondent Clgan give out licenses, so every user of the meat pays a premium for that
usage to the chain concept manager.

5.1.2. READING GUIDE

In paragraph 5.2, theresultsonwatsuc cess of P MBIr€ presenieds Thér&aReQ sutcess
factors (SRQ 3) and chal |l en g essctioh53R03.6.&ectiond.7 deaMC’ s
with transparency issues of supply chain. Section 5.8 handles what information is importato share

between chain partners (SRQ 2). In paragraph 5.9, DNA and RFID techniques are discussed, which can
support blockchain supported information systems. In paragraph 5.1%.13, applications of BT in

PMMC’ s and issues on tsted(SRQ5amp)l i cati ons are discl

5.2. DEFINITION OF SUCCES

5.2.1. LITERATURE

In the subresearch questions, the term success is several times usédrthermore, it is the goal to
find out how success of Dutch PMMC’s can be incre
to have clear what success is. However, givimme general definition of successs difficult

(Goldenberg & Kline, 1999) In many definitions, economic performance is includedlso survival of

the business and winning of the big game are mentiond€ollins-Dodd, Gordon, & Smart, 2003Nash

and Stevenson distinguished four different dimensions of success: achievement, happiness, legacy and
significance(Nash & Stevenson, 2004)So, success is multidimensional. HBS Business defines a
successful business as\n organization that makes current customers happy and gets new customers
while earning a profit(Hersch, n.d.jp3).

5.2.2. INTERVIEWS

Respondents were asked: “When is a PMMC successf
views on when a PMMC is successf@ne of the responders describes success of the PMMC he is

involved in as a stream of about 5000 pigs per week, which are completely valuableder the label of

the PMMCThis opinion corresponds to the opinion of everal other respondents, which described

that creating valualde products should be a more important goal than solely generating profit. As one

of the respondentsdescribed:

[A PMMC is successful...Jwhen people buy the products and it is relevant for a consumer. If consumers
do not see the added value and thusmmt spend money on it, a PMMC is not successful. It should be
relevant.z (F1)

5.2.3. DISCUSSION

There is a striking difference between the view of literature and the view of respondents on a
definition of success. In literature, economic performance is one di¢ most important things

mentioned. At a second place, consumer satisfaction is mentioned. Respondents mention the creation
of valuable products for consumers as the most important definition of success. Making profit is for
them only the second most impotant factor in calling a PMMGuccessful

53. SUCCESS FACTORS OF PMMC’ S
In order to answer the main research question, success has to be operationalized into success factors
that are definable and measurable. Success factors are thus variables which influeaaecesgCollins-
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Dodd et al., 2003) A complete list with factors that are correlated to a greater or lesser extent with
success of PMMC’s woul d nb. & thesis enportdneto faclsromlysonthed nf i ni t
most important success factors.

Since this research deals about information issues in supply chains, the focus of this chapter is at

success factors that handle this topic. Some other success factors will hasebe mentioned too,

since are the key success factors of PMMC’'s accor
factorsand c hal | en gvdlise gigehin thevidcbissisnsectionsof paragraph5.3—-5.6.

53.1. LITERATURE
PMMC’' s ar e etcanexaptiengositiom within the pig meat segment, in order to decrease
competition and increase profit(van Vliet & van den Brink, 2011)

Starting a new PMMC or early adopting a PMMC can be an advantag@pared to stepping in later
since atthe beginningimportant decisions on e.g. chain strategies are ma@éan Der Schans, 2004)
Creating a successful PMMC requires the input of a lot of enerfigancial investments and research
by the involved parties (Stichting Vlees.nl, n.d.; van Galen et al., 201Because of those investments,
it is essential thata PMMC gaia enoughmarket volume at whichthe cost price of products is
relatively low and the PMMds economically viable(van Galen et al., 2011; van Vliet & van den Brink,
2011). This can ony be done when the PMMC is producing on base of a clear market demand.

Important is that the products of the PMMGhould nowadays be differentiated from conventional
products, but also in the future(Sukkel & Van der Waal, 2007)Since retailers (supermarkets, but also
butchers) are selling the products towards consumers, it is important to involvéhem in an early
stage in PMMC developmer(van Vliet & van den Brink, 2011) Forretailers, collaboration in a PMMC
might beinteresting because of the increased societal pressure on animal friendly productigman
Galen et al., 2011)

Farmersshould carefully think about their wish to produce in a PMMC because not only additional
costs are involved, but also additional craftsmanship which is not always easy to acquikéerbong,
2006). Trust in the market for the PMMC products is importan{Sukkel & Van der Waal, 2007)

Different authors describe that a PMMC should be mainly markelriven, and haveenough market
volume (Sukkel & Van der Waal, 2007)Thus, a good consumer research should be dofvan Galen et
al., 2011) In those niche markets, creating a total market concept with every aspect of the product
and production process taken into account is importanfWognum & van Erp, 2013) In order to do
this, chain partners should work closely togethe(Murk & Grievink, 2013). When products are
produced that have an added value for consumers, the PMMC might able to set a premium on their
products (Verbong, 2006)

Creative marketing can help in getting a successful PMMan Vliet & van den Brink, 2011) Some
ways in which this could be done is by creating a good slogan, smartphone app, making the farmer
visible and put attention on societal sustainable production.

Traders, slaughterhouses ad supermarkets play a key role in increasing insight in the market, sale of
switching products, agreements on sales guarantees, acquisition of new producers and
communication to the existing producergSukkel & Van der Waal, 2007)Banks also play an

important role in starting up PMMC production locations, by giving financial support for switching
farmers and providing capital for investments at existing farms.
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When the PMMC has enough sales to increase the production and expansion of existing production
facilities is not possible, new entrepreneurs should be found to enter the PMMS8ukkel & Van der
Waal, 2007) It is important to give one of the chain partners the primary responsibility for attacting
new chain partners to the PMMC. Possibly, a chain director can fulfil this role. In order to make it
easier for new entrants to start producing in the PMMC, an information platform with knowledge on
production process may be usefu{Verbong, 2006)

GUARANTEES FOR FARMERS
Often,the only party in the supply chain that fully moves from a conventional production system
towards a PMMC system is the farmgiVan Der Schans, 2004)This involves great risks for the
farmer, since thefarmer stays behind with expensive production facilities in case of failure of the
PMMC. Therefore, it is important to guarantee a certain amount of salg&ukkel & Van der Waal,
2007). The guarantee on sale of products with a price premium can be set for a certain {agreed
period, for example two yeargvan Galen et al., 2011)Costs should be carried by chain partners
together.

INCREMENTAL INNOVATION
Important is that the innovation towards a PMMC is done in small steffgan Galen et al., 2011)This
gives consumers and producers the possibility to get used to the products and way of production.
Furthermore, consumers show more interest to buy te PMMC productsvhen there is only a limited
price distance between PMMC products and conventional productgan Galen et al., 2011Van Galen
et al.mention 20 to 25% as a good maximum price distance. Thus, tlaelditional costs that can be
made for PMMC products are limited

Increasing the amount of sales of the PMMC should be done graduatly basis ofa clear demand
from the market. Verbong (2006) states that a marketlriven organisation leads to better efficiency of
the organisation and a lower amount of costs. Maintaining market-driven concept also implies that
the PMMC is dynamic, thus is able to adapt the products and production processes to a changing
demand from the market(van Galen et al., 2011)This requires flexible attitudes of entrepreneurs,
since they need to agree with the fact thatiey have to do investments to meet up with the stricter
rules that are set for products and production methods of the PMMC.

NETWORK OF SUPPLY CHAIN PARTNERS
Many different authors mention a good network of supply chain partners in order to set up a
successul PMMC, e.gVerbong, 2006) Hereby, it might be useful to look howether sectors in Agr
Foodhave organized this(van Vliet & van den Brink, 2011) All actors in the supply chain, from
farmer to supermarket should be includel in order to valuate products and make this valuation
lasting for a longer time(van Galen et al., 2011)Some authors mention chain collaboration as
essential in order to come to an added product valu@Vognum & van Erp, 2013) or better selling
prices for farmers(van Vliet & van den Brink, 2011)In many supply chain wide collaboration
initiatives (I i ke P MMBE&s clain direator(\Man peaScharns, 200d)A cha&mns i gn at e
director can implementinitiatives that are affecting and influencing the whole supply chain, like DNA
tracing (Wognim&wan Esp, 2013) Furthermore, theymight be able tolimit the amount of
production so that it matches the amount of sales. For that amount of production, sales guarantees
can be given to poducers (Sukkel & Van der Waal, 2007)When the production is too low to fulfil the
demand, thechain director can look for new PMMC producers. However, the chain director only has
an initiative taking role, i.e. all other chain partners also should work together in order to create
lasting valorisation of PMMC product§Wognum & van Erp, 2013) Besides, the chain director should
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not have too much power because this would decrease the dynamic edlbration between different
chain partners(van Galen et al., 2011)

QUALITY ASSURANCE
An i mportant success factor f(\derbong GG Guaramtees abdute a s ¢
origin and quality of meat (extrinsic quality traits) are of great importance in communication towards
consumers(Wognum & van Erp, 2013) Preferably, poduct quality should be expressed by a quality
mark (van Vliet & van den Brink, 2011) However, because nowadays there are already a lot of
different active quality systems in the pig meat segment, it is difficult to stand out on the competition.
A creative marketingcould help with this (van Vliet & van den Brink, 2011)

53.2. INTERVIEWS

Like describedint he | it erature study, maraopviossuForexamspte f act or
chain partners need to trust each other and sometimes put their own interest cmback burner

becauseof a different interest of the whole PMMCASs one of the respondents describe:

| DAOAOGET ¢ ET A AEAET j888Qq OANOEOAO 1 OEAO OEET ¢O
ui & Al xEOE EO68 )1 A AEAET hiitwi@®l) EAOA A O1T 1 AxEAOD
Respondent C1 describes thahe products ofa PMMC should have a high quality and should be

tasteful. Health and a minimum amount of stresfor the piglets can contribute to these factors.
Respondent Elstated explicitly:

Tracing of originis the key to a successful concepfEl)

EFFICIENT PROCESS OF PIG FARMING
According to respondent C1, mimportant requirement in setting up a PMMC is that the bas
production process of pig farming is controlled well. Having an efficient farming procesncreases
production and saves money. Thus, a sow is inseminated, about 115 days later the piglets are born,
about 147 days after the insemination (in conventional systems) the sow is inseminated again and ten
months after the insemination, the piglets g to the slaughterhouseThe process durationof sow
farming could notfurther be shortenedbecause then legal and natural borders are crossed. When one
wants to further increase the production per sow, he thus should look to other factors to improve
than decreasing the cycle duration.

Furthermore, respondent C1 describes thatdsides being efficient in the process of pig farming, a
PMMC should have an efficient overall process. So, the amount of produced piglets should match the
amount of meat that can besold under the flag of the concept. Besides that, the pigs, carcasses and
meat should be at exact the right place, at exact the right moment.

Information sharing generally leads to a more efficient production procesf®espondent F1 mentions
that an efficient production process, by e.g. an increased level of collaboration between supply chain
partners, lead to a lower cost price of products. Howeverespondent E1 states thatmproving the
information flow in a supply chain costs a lot of effort and moneyProducing in a PMMC creates the
need for collaboration between supply chain partnersRespondent E1 describes this as

On) a nonconsolidated supply chain, application of blockchain could be a good way to share informatio
AAOxAAT OOPDPI WEAEAET DAOOI A0OS8O
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Limiting the amount of involved chain partners is another way to keep overview over the distribution
of the products. One of the respondents describe thatorking with one central, bigger meat
distributor provides more overview about the distribution than collaborating with several smaller
parties does. At such a central distributor, a cross dock logistic system can be implemented more
easily. This means that all the products are coming in (as carcasses) and are without a long storage
time cut into consumer-ready pieces of meat and repacked into smaller packages that go directly to
the retailer or end customer. This results in a clearer distribution process, which increases
possibilities for traceability.

CRITICAL MINIMUM SIZE AND COST PRICE
Generally, processes at a large scale could be conducted more efficient and (additional) costs could be
lower per kilogram of product produced.Respondent Cimentions asexamplethat costs of an air
washer per kilogram of meat are lower at a big farm compared tosamall farm. However, this also
have its downsides, because many citizens do not like mega stables. Therefore, farms should not grow
bigger than the maximum size that is accepted by the environmerithe respondent mentions that
balanced farmingis important, with attention for the interests of pigs, farmers, consumersand the
environment and other stakeholders so that welfare, the environment, efficiency and cost price get an
equal amount of attention.

However, he describes that #MMC should have a certaicritical minimum size in order to prevent
unnecessary production costs. For instance, transport costs per pig are much higher when a truck is
filled half than when a truck is fully loaded with pigs. Those transport costs should be paid, but do not
have any effect on the final product. So, a certain minimum size is necessary to decrease production
costs to an acceptable level.

In one of the interviews it came out that poducing in a PMMC does not automatically mean that the
cost price of products is higher By close collaboration between supply chain partners, the cost price
of products could drop. Possibly, the cost price of PMMC products (with additional measures in the
production process) even is lower compared to the cost price of conventional produdi&cause of the
collaboration between chain partners.

CONTINIOUS PRODUCT QUALITY
Respondent C1 described that is of big importance that products produced by the PMMC are of
continuous quality. Even the smallest changes in the product process may havameé influence on
the quality of the final product. It may sometimes be hard to find out what exact cause have changed a
change in the quality of a product. One of the respondents illustrated the influence of a small
production process change on the qualit of the final product with an example:

Once a slaughter called me that the meat was much wetter, and he asked what had change
the production process. Nothing, the respondent thought, until he noticed that the employee
the slaughterhouse who receeg the finished pigs was on a vacation. The man who replaced
treated the pigs quite rough, which gave the pigs a higher stress level. This worked out in thg
meat quality negatively: the meat became much wettei(C1)

5.3.3. DISCUSSION

In table 52, the mog important success factors from section 5.8re given.Several success factors
from literature were not identified as success factors during the analysis of the interviews. Those
topics were discussed during the interviews, but not identified as a succetxctor by respondents For
example,having an introduction program for new entrantsand involving retailers were discussed
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during the interviews but not explicitly identified by chain partners asessential factois that
contributes to success.

Table5.2: Success factors for PMMC's from section 5.3.

Concept Literature Respondents
Invest time, money, research and energy in setting up the PMMC yes

Having trust in the PMMC and PMMC partners yes

Being guaranteed of sales of products for several years yes

Having a chain director yes

Having an introduction program for new chain entrants yes

Having a creative marketing yes

Close collaboration of a network of chain partners yes

Involve retailers (butchers, restaurants, supermarkets) in the PMMC yes

Quality assurance of products yes

Little (cost) price distance to conventional products yes Cl
Ongoing product innovation, adapted to market demands yes Cl
Critical minimum market size yes Cl,F1
Produce on base of a clear market demand (create added value for yes F1,C1
consumers)

Continuous product quality yes Cl E1
Efficient process of pig farming Cl,F1

Respondent C1 mentioned that an efficient process of pig farming is important, and that thesea
certain limit on this efficiency. However efficiency of finishing pig farming was not discussed in the
interview. This process can be made more efficient by a higher growth of the pigs, whistorten the
duration of finishing a batch of pigs. Howevemlso at finishing pigsthere are legaland natural
borders applicable which set the maximum efficiency to a maximum level.

Respondents stated that creating a constant supply of pigs is important for a PMMC to prevent
shortages or oversuppliesHowever, production of (and by) life animals causealways uncertainties in
the production process. This problem is especially involved in the first four months of thaig

production process. For example, when many sows are returning or staying empty after inseminati
there can be a shortage of finished pigs ten months later. In reverse, when in a week group a lot of
sows get 18 piglets and some foster sows can be made, an oversupply of finished pigs could develop
after ten months. Because of the difficultness of pdicting the exact number of finished pigs from a
group of e.g. ten inseminated sows, it is very hard to predict the number of finished pigs at a certain
moments before the piglets are a few days old.

5.4.  OUTLINE OF THE SUPPLY CHAIN

In this section, issues orthe outline of PMMC supply chains that were found are discussdd.
literature, only a limited amount of information was found on this topic. However, during the
interviews somemore information was found.

5.4.1. LITERATURE

Nowadays, added value in the pig supplchain isoften not created by the farmer himself, but in the
further supply chain (van Vliet & van den Brink, 2011) Sipermarkets can dictate a low price for
producers of bulk products. Chain partners thus could try to increase the selling price of their
products by creating anexception position in the pigmeat segment(van Vliet & van den Brink, 2011)
In this way, competition with other products is done on added value instead of price.
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Image and economic damageecause ok.g.animal healthissuesis arisk that is always present(van
Vliet & van den Brink, 2011) For example, the outbreak of Classical Swine Fever in 199998 costed
about 450 million euros (Verbong, 2006) A lot of economic damage and image damage could have
been saved when everyarty had respected the transport bangVerbong, 2006) Currently,
vaccinationagainst Classical Swine Fevés possble, butit is important that the meat of vaccinated
animals and nonrvaccinated animals needs to beeparated very strictly, because foreign countries do
not like infected orvaccinated mea (Bergevoet et al., 2007)A central chain informaion system might
help to better track healthy, vaccinated andhfected animals in crisis time, which can contribute to
less economic damage and image damage.

5.4.2. INTERVIEWS

SEPARATION OF PRODUCT STREAMS
According to respondents C1 and F1, it is importarihat every chain partner has a good separating of
the different product streams within their company. One of the respondents described an example in
which PMMC meat was, aware or unaware, mixed with conventional meat by some chain partners.
This might have a ngative influence on the product image. If this mixing means an increase in volume
of the PMMC product stream, a party wrongly earns extra money. This issue was revealed by using
DNA technique, to trace back the sold meat to the boars used by the farmershef PMMC.

One of the respondents described a system which minimalizes the chance of mixing of meat of
different origins at a company. In this system, the most luxury meat is handled at the beginning of the
day, followed by the second most luxury kind afmeat, etc. When meat is mixed by mistake in this
system, it will get a lower value instead of a higher value. This should be a high driver for the people at
the company to work meticulously, because otherwise their company will lose a lot of money.

INTERMEDIARY PRODUCTS
One respondent points out that the majority of the pig meat produced in the Netherlands is produced
for selling in Germany, Belgium, the UK and France. He mentioned a-seifficiency rate of the Dutch
pig meat production of 230 percentSg oly a low percentageof the Dutch pigsis sold in a Dutch
supermarket, while asthe restis sold in foreign countries. Those products are st often sold as half
fabricate (piglets of about 23 kilograms or finishing pig of about 120 kilogramg

The repondent mentions that because the consumer package is not included in suclhalf fabricate,

it is not possible to use this as a way of communicating between the producer and the (foreign)
consumer.Akerlof already described that wthout background information about a product, the only

way of competition possible is on pricgAkerlof, 1970). Thus, when competition on quality is wanted,
more background thus needs to be providedlhis is according to respondent Ehowever hard to do

in a half fabricates marketRespondent C1 suggests that communication @consumer package e.g.

be done byputting a barcode or QR code on it, so that consumers can check out more information on a
website. A good information systemmay contribute to this.

According to respondent E1, avay to get more competition on base of quality in foreign markets is to
create a PMMC in collaboration with supermarkets in surrounding countries, like REWE, Aldi, Lidl or
Carrefour. So, German, Belgiamd French consumers should be asked for their demands and in
collaboration with the local supermarkets a PMMC should be created. With the additional product
information that could be provided on consumer packages of PMMC meathécomes easier to
competeon basis of quality instead of competition on basis of price.
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Respondent Cdescribedt hat it is difficult to i nvolhetleinkyd Dut c't
that retailers mightbei nt er ested i n a kind of *“ | irgbdugingver si on”
products from the PMMC organization, pick some treats from the PMMC that are interesting to them,

and sell the products without the brand name of the PMMC as a higher standard piig thinks that

assurance of the production process with use of btkchain techniques might then ba treat of the

PMMC that they want to use.

SELLER OF THE PRODUCTS
One of the respondents states that the party who finally sell the product of the supply chain, to either
the retailer or the consumer, has to play a key te in asking retailers and consumers for their
demands. Other respondents state that it is important to notice that consumers are also a part of the
supply chain, and that the supply chain is not stopping after the meat processer have sold the meat to
the retailer.

Thefirst respondent gave an explanation on his opinionn a supermarket or a restaurant the

products of a PMMC have to compete for space with other products. If they are not selling enough, the
supermarket will choose to use the space for othgsroducts than the products of the PMMC. This
respondent thus sees the meat processor, who brings the meat product to the distribution centre of
the retailer, as the seller of the supply chain. All chain partners before the meat processor are
according tohis view facilitators, i.e. they need to help a creating a good quality product so that the
seller can sell it. The seller sets up the requirements to which the products and production processes
need to fit to. Those requirements have as a goal to increae product value or decrease the
production costs.

CUT IN SUPPLY CHAIN AT SLAUGHTERHOUSE
According to respondent Clfarmers docurrently in general not have much knowledge about cutting
meat and selling meat to consumers. In reverse, people who worktime meat sector do not know
much anymore about farmingHe statesthath e sl aught er house coul d be s
between the part of the supply chain that produces pigs and the part of the supply chain that produces
meat and meat products.

Anocther respondent argues that his could be caused by the big challenge in tracking and tracing that
takes place at the slaughterhousehe product (a pig) transforms to a complete other product (meat),
with other units of measurements, other variables andegquirements on treating and storage and a
complete different size and volume per product. Comparable pieces of meat of different pigs are
collected together, so now the meat of one pig is separated over different product groupespondent
G1 describes tha@ransformation of the pig at the slaughterhouse as following:

At the moment that you have changed a pig into a steak, it becomes very difficult to keep tracingthat.
(G1)

In that view, the slaughterhouse could be seen as the Customer Order DecouplinghP@CODP).
Before the slaughterhousepartners are busy with growing pigs and look mostly from the supply side
of view. After the slaughterhouse, partners look from the demand side of viedccording to

respondent C1, gtting expertise at the otherside® t he “Ber |l in Wall” by atte
experienced people thus might be useful to get knowledge of the other side of the supply chdite
sees as his mission to break through the “Berlin
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5.4.3. DISCUSSION

In table 53, the most important success factors from section 5.4 are given.

Table5.3: Success factors for PMMC's from sectich 5.

Concept Literature | Respondents
Creating a differentiated product to earn a premium price yes
Track animals and products through the supply chain and separate them yes Cl,F1

from other product streams (because of preserving generated added
value or disease control)

Creating a PMMC with supermarkets from surrounding countries to El
increase the value of intermediary products

Get access to space on the consumer package to tell the story of the El
PMMC

Have a differentiated product that is able to compete with other products El

in the supermarkets’ shelf

Being able to trace products of pigs after moment of slaughter Gl,C1
Get consumer knowledge and think from the demand side of view Cl

Especially from the interviews, somenew insights were gathered about the outline of the supply
chain. Interviewees agree with literature that it is important to be able to separate several product
streams within companies. In literature, tte most important reason to do this preventing image
damage and economic damage in case of animal diseasetrviewees mention guaranteeing origin
of PMMC meat at retailers as an important reason for strictly separating product streams within
companies.

One respondent thinks that a PMMC which works in collaboration with supermarkets in surrounding
countries can be successful. By producing products for a certain foreign consumer segment, the PMMC
can communicate quality cues on the consumer packadey e.g a QR code or reference to a website)
which is not possible when only live pigs or whole carcasses are exported to foreign countries.

Anot her respondent mention that PMMC’'s might be ¢
to create a kind of hijher standard product. This statement does agree with literature, which

describes that when an exception position within the product segment is created, the meat can

compete with other products on base of quality instead of cost price.

Because the shelf ahe supermarket is the place where thMMC productshave to compete with
other products, one of the respondents sees the party who deliver the products there as the seller of
the supply chain. That party has to do customer research and translate that@nmation into

production requirements which increase product value or decrease cost price for facilitators, parties
before him in the supply chain.

One respondent states that the pig supply chain is separated into two pieces, i.e. a part before the
slaughterhouse and a part after the slaughterhouse. There are some important differences between

those two parts of the supply chain: the first part is having a more supply minded view on production,

the second part a more demand minded view. Secondly, an impant difference is that the type of

product (life pigs versus pig meat) those two supply chain parts are handling is totally different.
Getting knowledge at t heisauitethadaccerdind) & the fespantieat. “ Ber | i
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5.5. SQUARE VALORISATION

In order to have an acceptable cost price as a PMMC, it is according to literature and interviews
important to have a high square valorisation. Some parts of a pig are not easy to sell under a price
premium. This can be solved by producing more minced meptoducts like sausages, which however
has some traceability issues.

55.1. LITERATURE

Many different authors subscribe the importance of a high square valorisatiofjvan Vliet & van den
Brink, 2011). Square valorisation means the percentage of the meat of a pig that is sathdier the
quality mark of the PMMC. Often it is not possible to sell the whole pig under the quality mark of the
PMMC, since consumers are not interested in paying a high price for low value parts of a pig. PMMC
chains which are able to generate a high sqre valorisation by e.g. new product development have an
advantage compared to PMM<hains with a low square valorisation because of the increased
revenue per pig that is createdvan Vliet & van den Brink, 2011) This can result in a higher amount of
profit.

In 2011, only 25 kilos of the 90 kilo slaughtered weight of a onstar Beter Leven pig was sold as ore
star Beter Leven meaf(van Vliet & van den Brink, 2011) The square valorisation thus should be
further improved in order to sell a bigger part of the meat available as PMC meat.

A problem however is that raw material flows for meat products in supermarkets are very diverse
and not very transparent(van Vliet & van den Brink, 2011)Currently, some products that can be
bought in the supermarket can be traced to an enormous amount pigs. In the TIVGproject, a slice of
liver cheese was traced back to 6117 animals from 84 different farn{§Vognum & van Erp, 2013)
Thus, tracing back products in the pig supply chain is not always easy.

5.5.2. INTERVIEWS

Many respondentssee the need for a high square valorisation, buafid not have a clear answer on how
their company directly could contribute to increasing the square valorisation of pigs in a certain

PMMC. Most often this was caused because their companies are active in different parts of the supply
chain than in meat handling, in which the puzzle of the square valorisation needs to be made

remark that was madeby one of the respondentss that chain partners can contribute to make sure

that there are enough piglets in the supply chain, so there is a decent amount of meat in the process of
the slaughterhouse According to respondent F1,his gives a good starting point for the

slaughterhouse can more easily make the puzzle of square valorisation.

Respondent G1 describes that from breeding side of view, it is hard to contribute to square
valorisation of speci f iocandevwldp@'special bfeeding valeedaran g ¢ o mp ¢
PMMC, in which the weighting of factors is different from the weighting of factors that is used in the

general used breeding value. However, breeding lines are developed for general use and there are no
specificr eeding | ines for PMMC's. The |l ong term devel
thus depends on the long term goal of the whole breeding line. And thus, improvement of specific

parts of a pig (like e.g. the shape of a ham) is thus only possible whais fits in the long term goal

prepared by the breeding company.

According to a respondent,tiis important to realise that additional costs made in the PMMC only can
be paid back by products that are sold under the flag of the PMMi. serve amadditional source of
revenues If costs are made and there is uncertainty about whether they are earned back, those costs
better could not be made. According to respondent C1, a good square valorisation can help to
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decrease additional costs per kilogram of produgoroduced.When onlye.g.25% of the pig could be
sold under the flag of the PMMC, this meat also should earn the additional costs made on the other
75% of the meat which is sold as conventional mea$o, t thus is important to have the square
valorisation as high as possible in order have a viable PMMC.

According to respondent C1, selling every week certain parts of the pigéd the meat around the

shoulder bladesis no problem. However, other parts are harder to selHe illustrates this with the
example of Livar, which sells some parts for only a slightly higher price than conventional products.
Other parts ofa Livar pighave a price that is much higher than the price of conventional meat.
Furthermore, respondent C1 mention that some parts of a pigk paws and heads are useless for

them at the moment. Therefore, their PMMC gets the carcasses back from the slaughterhouse without
those parts.

According to respondent C1, aossible way to increase the square valorisation is to makaore
products like sausages and meat products for on bread from bad selling parts of a pig. However, then
traceability becomes an issue. One of the respondents described a tumbler at a meat processing
company in which 5000 kilograms could be handled at on¢so meat of manyigs.Because sausages
are composed from such a lot of different pieces of meat, tracing is difficuRespondent C1 mentions
that without a good tracing,meat from different origins could be mixed unaware, which has a bad
influence on the credibility of thePMMC. Improving traceability may thus help valorisation of

products of the PMMC.

Respondent F1 mentioned thaseasonal differences in demand for certain products of the paye

important to take into account For instance, parts of a pig that are usedrfmeat products on bread

are also used for making smoked sausages. Smoked sausages have a longer shelf time than most meat
products for on bread. Since there is a peak in demand for smoked sausages in autumn and winter, a
good production planning through he year can prevent shortages of certain parts of the pig at certain
moments in the year. This has a good influence on square valorisation, because no additional piglets
have to produced especially for once part of their meat, while as there is an oversuyppf other body

parts.

According to respondent C1, anothefactor that may have an effect on the square valorisation within
a PMMds whether there are boars or barrows finished. Since boars are not favourable by butchers
and restaurants because of possle odd odours in their meat, finishing boars will make the puzzle of
square valorisation more difficult.

5.5.3. DISCUSSION
In table 5.4, the most important success factors from section 5.5 are given.

Table5.4: Sucess factors for PMMC's from sectio® 5.

Concept Literature | Respondents
Having a high square valorisation yes Cl,F1,E1, G1
Being able to trace minced meat back to PMMC pigs yes ClF1

Having a certain size of production to make the process of square F1

valorisation more easy

Produce and sell more minced meat products like sausages from less C1

popular parts of the pig to increase square valorisation

Take into account seasonal differences in sales to increase square F1

valorisation

Finishing barrows instead of boars to increase square valorisation C1
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Aremark that was madeby one of the respondeits wasthat the square valorisation always should be
100%, in the sense of selling every week every part of the pigs. If this is not achievable, the eptc
will not be viable on the long term.However, his definition of square valorisationis slightly different
from the definition which is used this research, namely:

Square valorisation is defined as the percentage of the carcass weight that can beos@digher
selling price then the price of a comparable piece of conventional meétwn elaboration)

Literature states just like respondents that the square valorisation of a PMMC should be as high as
possible. Many respondents did not see a Ipossihilities to contribute to this, because they having
another role in the supply chain than farmer or slaughterhouse.

Finishing as much as possible barrows instead of boalss a positive effect on square valorisation
because barrow meat can be sold to restirants and butchers, while as they are not interested in
buying boar meat However, finishing boars is in favour from the animal welfare and public opinion
sides of view because then the animals are not castrated.

A good traceability of products throughthe supply chain can contribute to a high square valorisation.

In order to increase transparency of the supply chain, meat products like sausages might be made
with less mixing of meat. When product streams of conventional meat and PMMC meat are separated
strictly, sausages can be produced from PMMC meat only. And when sausages are produced from low
value meat that formerly could not be sold as PMMC meat, the squasdorisation increases. Thus, by
increasing transparency of product streams in the supply &in, the square valorisation of PMMC

meat might be increased.

56 MANAGEMENT | SSUES I N PMMC’ s

5.6.1. LITERATURE

One trait of agriculture that is different compared to other economic sectors is that there are farms

that are ending their activities, but no newcomers wh start a farm out of the blugVerbong, 2006)

This is caused by thénigh costs that it takes to start up a farm{Sukkel & Van der Waal, 2007)
Furthermore, it implies that far mer semthroarsttaT twipa
switching their production methods from a conventional system to a MMC system.

Another issue is the increasing aging of current farmers, which is not limited to conventional farmers
(Sukkel & Van der Waal, 2007)Not all farmers have a successor in their family, while as others
without a farm would like to start a farm. Transfer of a farm to someone without a farm is however
often difficult, because of financial aspcts.Setting up good contracts in order to fix this problem may
save PMMC farms from termination. This would contribute to the proliferation dPMMC farmsn the
Netherlands (Sukkel & Van der Waal, 2007)

Another problem is the temporary income decrease during switching from a conventional system to
an organic system or other PMMC syste®Sukkel & Van der Waal, 2007)Costs are already
increasing, but the products cannot yet be sold as fully IWC products. A decrease of those entry
levels could increase the number of farmers that want to switch their farm to a PMMC farm.

LOW PRODUCT PRICES
Because pig meat is a bulk product, retail prices are relatively low. Pig meat has an image of
cheapnesqVerbong, 2006) The supply of meat i®ften higher than the demand(van Vliet & van den
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Brink, 2011). At the international market, there is a lot of competition between different producers of
pigs and pig meat productgStichting Vlees.nl, n.d.)Together with high production costs, this results
in low profit margins for farmers, traders and slaughterhousegvan Vliet & van den Brink, 201).

Supermarketsoften attract consumerswith selling products like beer and Coca Colfor relative cheap
prices (van Vliet & van den Brink, 2011) When consumersbuy those products, theyoften also buy
products on whichthe supermarket has a bigger margin, like meathe low buying price of meat
decreases innovations at suppliers of supermarketf/an Vliet & van den Brink, 2011)

5.6.2. INTERVIEWS

Many points that are mentioned under the success
they are not conducted to the right levelFor instance, it is necessary to have trust in supply chain

partners and sometimes interests of the whole supply chain should be more important than interests

of one party.One of the respondents mention that ig farmers are quite individual of nature, whch

makes it difficult to group them together.

Because of the continuously changing pig sector,
be able to innovate if they want to stay active in pig businesRespondent C1 describes that alsthain

partners in a PMMCare continuous innovating on e.g. norms, protocols, animal health, hygiene, meat
guality, etc.Respondent G1 mentions thathte added value of a concept is corrosivée. onsumers

perceive additional measurements after a few years for stalard. If those measurements are then

made compulsory for the whole pig sector, the added value is gone but the additional costs stié

there. Sqthere is only a limited time for concepts to profit from their additional measurements.

Respondents mentbn that areating a PMMC is a long term process which costs a lot of eff@esides,
alot of agreements needs to be made between PMMC partners. Not honouring those agreements can
result in a lower level of trust between supply chain partners and may resuin lower revenues for the
whole supply chain. However, chain partners together can set additional production rules that are
compulsory to follow up in order to stay a PMMC partneRespondent E1 mentions that allaborating

in a blockchain project might eg. be a required part of the presence in a PMMC.

According to respondent E1,drmers are often gice takers in supply chains. Namelygther parties
decide what their products costs, and there is only possibility for them to earn money when all other
chain parties are earning money too. Combined with the fact that the products of pig farmers only are
ready after a production process of ten months, this means that farmers have a weak positiorthe
supply chain.

One respondent describes that some chain paers may need to switch to another business model
when they enter in a PMMC. In the PMMC of respondent C1, the veterinary practice is included as a
chain partner with such a new business model. However, the goal of that PMMC is to use as little
antibioti cs and vaccines as necessary. This is thus at odds with the revenue model of the veterinary
practice. To overcome this difference of interest, the veterinary practice got a new role within the
PMMC: they got role of quality manager of the supply chain. Bhjuality manager can check the claims
that are made on the PMMC meat, like more living space, provision of roughages, etc. The checking of
the claims on the PMMC meat by a quality manager can be an important step in strengthening of the
trust of consumersin the PMMC.
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POWER WI THI N PMMC’ S
Many respondents think that the question who has
answer. The word “power”, especially power abuse
the respondents descrie t hi s “power abuse” as the use of inf
by big supply chain partners, to get an advantage, without converting this advantage to the party that
delivered the information. If the provider of the information also gets a art of the advantage, there is
not a case of “abuse” anymor e.

According to respondent F1it is difficult to say whether all chain partners should have the same level
of power, or that there should be a difference between power levels of supply chain paers. Should a
farmer with 300 sows have the same amount of power as a farmer with 800 sows? The interests of
the farmer with 800 sows are in terms of money much bigger than the interests of the farmer with
300 sows, but other factors also might weight though.

A fact is that in the pig sector in general, there are compared to the number of farmers not many
slaughterhouses and retailers. Because of their oligopoly position, those parties have relatively a lot of

power within the supply chain. However, thee is no central control of the supply chain without

PMMC’ s. I n PMMC’' s, a chain director company can f
for example be involved in the management of the concept by the role of a member of the

management teamjn which they are involved in all decisions.

When a central information system is set up in a PMMC, with or without blockchain technology, this
can have influence on the existing power relations within the PMM@®ccording to respondent E2, lte
power relations at the start of the system are important for this, because partners who have more
power can demand more. On the other hand, small chain partners who work closely together with a
bigger chain party can built on an equal relationship with that biggertain party when they work
closely together. One of the respondents stadehat big chain partners who work on blockchain
projects probably even might strengthen their power position, instead of losing this position.

CREATING ADDED VALUE FOR CONSUMERS
In the pig sector, it is quite hard to produce a distinctive product that is really different from other
products produced by the sector. Respondent state that look at the supply chain from a demand side
of view instead of viewing from a supply side of view ignportant in order to come to a distinctive
product. However, often consumer knowledge is lacking. Respondent C1 stated that when that
knowledge is not available, supply chain partners should acquire it themselves or attract new chain
partners who have krowledge on meat demands of consumers. Respondent E1 mentioned that in
order to increase product value, a PMMC should start with asking consumers whhey arewilling to
pay for.

According to respondent G1, consumers have a double role in the supply ch&rom their role of
citizens, they |i ke PMMC’'s because of the higher
in conventional systems. However, from their role as a consumer many people choose the cheapest

products in the supermarket. This prdolem is more psychological of ntre, and quite hard to handle.

I't gives however problems when cost price increas
are taken.

5.6.3. DISCUSSION
In table 5.5, the most importantmanagement issuegrom section 5.6are given.
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Table5.5: Management issues iIRMMC's from section 5.6.

Concept Literature | Respondents
Decrease of number of farms because of lack of successors yes

Starting up a new farm is almost impossible because of high entrance costs | yes

Transferring a farm to an owner outside the family is difficult because of yes

financial issues

Temporary income decrease for switchers from conventional to PMMC yes

production

Low product prices yes

Pig farmers are difficult to group together F1
Added value of a PMMC is corrosive Gil,C1
Starting a PMMC is a long process which costs a lot of effort C1
Farmers have a weak position within the supply chain El
Chain partners might not be willing to apply to all rules the PMMC Cl, E1
prescribes

Chain partners might need to which to another role in a PMMC than in C1l
conventional systems

Power relations might change compared to the relations in conventional E2
systems

Consumer knowledge is not always present up in the supply chain Cl
Consumers like PMMC’s, but are often not willing to pay a premium price Gl

for their products

Literature mentioned some complete other manageme
mentioned by respondents. However, tts might also be caused by the fact that there is no hard line

bet ween success factors and management <chall enge:c
conducted to the right level, it automatically becomes a management challengéerefore, the tables

of the success factor paragraphs are related to table 5Burthermore, the concepts mentioned by
respondents are somewhat more applied tolntReMMC’' s t
overall discussion and conclusion of chapter 6, those tables Wile discussed together.

5.7. TRANSPARENCY OF THE SUPPLY CHAIN

Consumers only buy products in which they have a certain amount of tru®eing transparent about

production processes can increase the level of trust of consumers in products of e.g. a PMMC. # thi
paragraph, pros and cons of an increased | evel of

5.7.1. LITERATURE

A good i mage i s of gr(eanGalenehd. 020itl)Amegaenpld ioLivar,vMdAC’ s

uses the image of monastery pig8/erbong,2006). Because keeping customer trust is crucial in

PMMC’' s, assurance of origin of @MognumgvanErpj2813)an i mg
Assurance of the pig supply chain, thus improving traceability in the pig supply chain, improves

credibility of extrinsic quality traits (Northen, 2000). In this way, the traceability prevents fraud (e.qg.

relabelling of nonPMMC meat to PMMQHuisman & Van Ruth, 2014)Strict enforcement of the rules

in a PMMds also necessary in order to preserve the image of chain partnepfgan Galen et al., 2011)
Furthermore, quality of pigs can be increased when more accurate data from the slaughterhouse is fed

back toupstream supply chain partners like farmers(Wognum & van Erp, 2013)

In current years, more and more attention on animal welfare and environmental impact of farming in
generd and especially pig farming is given by the Dutch sociefyan Vliet & van den Brink, 2011)
When transparency of the pig supply chain is low, information on those topics does not reach
consumers. Improving traceability has a positive effect on supply chain credilii for consumers
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(Tian, 2016). Furthermore, a higher supply chain transparency has a positive influence on trust
between supply chain partners(van Vliet & van den Brink, 2011)

When meat is traceable through the whole supply chain, it becomes possible to provide guarantees on
origin of meat to consumers and chain partner§WWognum & van Erp, 2013) Important factors to take
into account are clear communication, collaboration of all involved chain partners and costs.

Currently, full tracing through the supply chain is possible, but costs are however oftéigher than

the benefits of such a systenfiWognum & van Erp, 2013)

5.7.2.  INTERVIEWS
Generally, provide transparency is a good way to help trerengthen trust of consumers in a PMMC. A
guote of one of the respondents:

Do what you say and say what you do. Be open about that, and tbarggt more trustz (F1)

It is however difficult to translate technical data of the PMMC into usable and interesting information

for consumers. One of the respondents describe ttF
often not in the technical b&kground of the PMMC. As an example, he mentions the possibility to

check the farm origin of an egg by checking the code that was printed on it. Many consumers know

that there is the possibility to do this, only a very few do it. However, in case of a foschndal more
consumers are interested in the origin of their e
states that it is important to be able to react quickly then in checking what went wrong.

An examplein which the feeling with the productis more important than technical datain selling

products was mentioned by respondent F1. This example involves sellifigee-range egggo

consumers. The consumersften do not know all the technical background values of those eggs, but

are interestedinfreeer ange eggs because “free range” appeals
more important than technical background information in customer decision making.

A respondent describes that the fact that consumers havke possibilityto check out the oigin of their
piece of meat is important. This attitude of openness shows salbnfidence of the producer in the
integrity of the production process. After all, producers would not be transparent about their
production process when they are not sure abouhe integrity of those processes. With a higher level
of transparency, many consumers would presumably still not check the background of their meat.
However the possibility to check the origin of the product will comfort them though.

With more transparency about production processes, groups and people who are against livestock
farming also get moe information. They possibly mightusethis information against the livestock
sector. One of the respondents describes this problem as following: there always Mie a small
minority which keeps on bashing the livestock sector until everyone is vegetarian. However, because
of the increased level of transparency it is possible to keep the confidence of a major part of the
consumers.

5.7.3. DISCUSSION

Respondents and liteature agree thatan increased level of transparency in the pig supply chain can
increase the trust of consumers in that supply chain. When the level of transparency is increased,
information on extrinsic quality traits can more easily reach consumers.

Regondents argue that many consumers might not be interested in technical background
information about the products they have boughtA good marketing might be more important to sell
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products. However, giving the possibility to consumers to retrieve more bdground information on
products shows self-confidenceof producersin the production process. Malicious parties can use the
additional information to bash the livestock sector, but respondents think that the majority of the
consumers will get more trust inthe pig sector by an increased level of information sharing.

5.8. INFORMATION SYSTEMS

Being more transparent about production processes through the supply chain involves increased
level ofinformation sharing. In this paragraph, different outlines of infornmation systems are
discussed, as are important types of information to share between chain partners.

58.1. LITERATURE

Information collection and processing can help to create added value for pig meat supply chains
(Wognum & van Erp, 2013) A central information system, which could be accessed by e.g. a computer
or smartphone application, can be used to exchge information on e.g. logistics and products with
customers and chain partnerdWognum & van Erp2013). However, such a system only could be
realised when all actors within the supply chain collaborate and could create added value out of this
information system. When chain partners can log in to find for them relevant information, the level of
unambiguous intern communication is increaseqWognum & van Erp, 2013)

Creating, implementing and maitaining such an information system implies that investments should
be done. It is logical that the parties who benefit from such a system also pay the cogiien more
partners profit from the supply chain information system by e.g. a better product valosation, the
costs should be spread over the SC partners. It is however not known what the best way is to do this
(Wognum & van Erp, 2013)

In the TIVO project, the possibilities for an integral information system in the organic pig supply
chains were investigatedWognum & van Erp, 2013) This project focussed at a central role of
sl aughterhouse “De Groene Weg” as the chain direc

Nowadays, partners in the supply chain use often information sgems which are not always linkable
to systems of other partners(Wognum & van Erp, 2013) An exanple is FarmingNET of VION, in
which farmers can sign up pigs for slaughter and consult slaughter resulfg/ognum & van Erp,

2013). VION can use this information to make performance overviews. However, this is still only an
exchange between two chain partners instead of a supply chain wide integrated information system.
In figure 5.1, a vision on an irggrated supply chain information system is given. Consumers and
supermarkets are not included in this overview, but can also be added.

In the feed production industry, such integrated supply chain information system already exist
(Wognum & van Erp, 2013) Thissystemis called Trust Feed and works at a custom version of the ICT
platform Chainpoint. Also Plukon, a big Dutch broiler slaughterhouse, makes use of Chainpoint to
maintain their supply chain from feed production to retail.
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Integrated information system

Breeding
Al «—> Farmer Slaughterhouse [, Processor

Figure5.1: Vision on an integrated supply chain information systemafted from(Wognum & van Erp, 2013)

To increase traceability by using a central database, it migbe necessary to further digitalise high
guality data from supply chain processe¢Balendonck et al., 2003) New digital data creates

possibilities to track and trace pigs, meat and processes in the database. Input of data in data systems
is however a time and thus money costing process, which chain partners only will do when there are
advantages for them. However, by using a central databadeettotal administrative pressure might
decrease, since it is not necessary to put in the same data repeatedly. Therefore, using a central
database might save costs for chain partners.

The high number of individual data systems that are not interlinked caethat every pig is registered

in for about seven different databases which often lack interlinkagéBalendonck et al., 2003)

Repeated inputof data into the system costs a lot of time andecreases the possibility of mistakes.
When products can be traced in a central database, intervention in case of emergencies can be done
much quicker and adequate, which saves economical and reputationalrdage. Besidest might have

a positive effect on the reduction ofraud. When chance of fraudsters being caught increases, it is less
attractive for parties to commit fraud.

5.8.2. INTERVIEWS

Currently, the use of central information systems to share informatio between chain partners in the

pig business is not yet wide spread. One of the respondents mentions that until now, the time was not
yet ready for it. Mobile phone applications to access data do exist, but those are however only linked
to single databases

Exchanging of data between different information systems is meanwhile often done, by using a
protocol like e.g. EDI. For instance, data from sow management systems and slaughter measurements
is exchanged using the EDI protocol with the database of a g#ic company. This is different from
collaboration in a central database, where more chain partners work together in a single database
instead of working in each their own database.

One of the respondents gave a warning on hyping central information systeéoo much. As an
example, he mentioned that after the 1991098 outbreak of Classical Swine Fever in the
Netherlands, many chain partners thought about creating systems to get more insights by
information gathering. However, when the point came that irstenents were necessary, most
partners withdrawn. As possible reasons for this withdrawal, he mentions that the fear for the
unknown or technical restrictions back then might have played a role.
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Nowadays, there are some initiatives in which chain partnersollaborate in a central information
system. For instance, the PMMC of respondent C1 is using a system in which visitor reports of farms
by chain partners are shared. Data from the slaughterhouse is shared with the other chain partners.
Furthermore, sow farmers get reports of finishing pig farmers, and in reverse. The feed supplier has
also access to this information. Protocols are used to check reports and progress systematically. For
instance, stable climate is checked every year in the same time of gesar. Advisors, like the
veterinarian and feed advisor, know that this climate check have taken place and check at their next
visit whether the recommendations have been taken into account. Advisors often visit farms together,
so that their recommendationscould strengthen each other instead of devaluating each other.
RespondentC1 is currently trying to further improve the information sharing between chain partners,
by setting upanew central information system which is blockchain supported.

One of the espondents mentions that in the current situation of data exchange, it sometimes is
difficult to gather the right data together, and sometimes data is missing. However, while setting up a
central information system, also many different problems may pop u@.-hose problems cannot always
be foreseen in advance and might only pop up when parties are working on setting up a central
information system.

Besides information on production variables, knowledge on how to produce according to the
protocols of the PMMGs involved in a PMMC. Respondent C1 described that new entrants get
subjected to an introduction trajectory, in which they get necessary information to produce in the
PMMC, and a screening, in which points of improvement are mentioned that are requireftdfil in

order to get started in production at the PMMC. Furthermore, chain partners within their PMMC share
knowledge on study evenings.

TYPES OF INFORMATION TO SHARE BETWEEN CHAIN PARTNERS
I n PMMC’' s, di f f er eardsharegwitreatheraHain partnirs. iTha antst irnportant
rule is that only relevant information should be shared, all things that add nothing to a higher profit or
higher security of the production process should be left away. Respondents have mentioned several
types of information that are important to share between PMMC chain partners. Those are
summarized intable 56.A | i st with the necessary types of
formulate an answer on SRQ 2.

Table5.6: Important types of information to share according to respondents.

Concept Producer of information Mentioned by
Number of pigs Farmer, Slaughterhouse F1
Genetic background of the pigs (sow used, boar Farmer, Genetic Company | F1, C1
used)

Number of doses of semen delivered to the farm Genetic Company C1
Grams of growth per day Farmer F1, G1
Medicine use Farmer F1
Stable cards Farmer C1
Welfare scores Welfare app, farmer, C1
Stable temperature Farmer C1
Damaged shoulders of sows Farmer C1
Damaged tails of piglets Farmer C1
Manure structure of piglets (too wet) Farmer C1
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Slaughter statistics (carcass weight, lean meat Slaughterhouse Gl,F1
percentage, muscle/fat ratio, level of intramuscular
fat, abnormalities)

Transport duration Transport company Cl
Time information of slaughter process (resting time, Slaughterhouse C1
slaughter time, time of entering cooling process,
duration of cooling process, etc.)

Breeding values Genetic company Gl

Feed content analyses Feed company, suppliers of | F1
feed company

GMP+ information of feedstuffs Suppliers of feed company | F1

According to respondents, much information is currently exchanged indirectly For instanceslaughter
data goes via the farmer back to the feed company and the genetic companyttermore,

information could be given to the next chain partner by e.g. a technical manual. Such a manual could
also be made for e.g. breeding gilts, and would then include the ideal feed scheme, the ideal type of
feed or the ideal environmental circumstaces in order to reach the maximum genetic potential of
that breed.

Respondents stated that rmasurement values are not always available per individual animal, for
example because of difficulties and costs involved in individual registration of animals. iWever,
respondent G1 mentioned thatata on groups of animals also can be interesting, if for example the
breed or breeding line of the group of animals is known. If performance data of groups of animals of
different farms is compared in a central informaiton system, analyses on the best environmental
circumstances to keep e.g. a specific breed are easier to conduct. However, giving meaning on data of
groups of pigs without knowing the individual members of that group is quite hardasrespondentG1
described.

One of the respondents, who already has experience with sharing information between chain
partners, mentions that a lot of new insights can come up when data of farms is shared and compared
with data of other farms. For instancehe mentioned thattail biting can pop up at several farms at the
same time.Because all the cases of tail biting areentrally logged, itbecame possible to draw the
conclusion thatthe responsible factor was present through the whole Netherlands instead of at a
single farm orly. Without central logging of this datathe relationship between simultaneously

popping up tail biting pigscould have been stayedinnoticed. Furthermore, without central logging of
data, farm visitors mightact like they have nothing seemt other farms, because it is in favour for their
own position.

OUTLINE OF A SYSTEM
The general opinion of the respondents is that data gathering, central information systems and also
blockchain technology should serve PMMGsand not in reverse. Data that does not adzhything to
the security or value of the product is not useful to put in a central information system. Furthermore,
especially when a central information systemss just set up, it is important to keep it simple. Thus, it
might not be important to know which sow had 13 piglets and which sow had 15 piglets, but the total
week production of piglets of a farm is important to register. One respondent notes that it always
keeps possible to find detailed information of the piglets in the sow management of therffizer, if
there is a demand for that information. The assurance of the blockchain technology then however is
not used on that data.
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Oftenchain partners do not know which info other chain partners exactly use or produgéet alone
the source of that data gathered their self or processed fromexisting data). According to respondent
G1, tis important to know which data is colleced and at what location is data is stored, so that
detailed information can be retrieved if necessary.

Using a central informatian system makes it easier for chain parties to plan their production and
creating forecasts about the supply and demand they have at a certain moment. However, because
pigs are life animals, always some uncertainties exist. From the moment of weaning oflptg on,
forecasts can be made with a higher level secureness. One of the respondents mention thahe
moment of weaningis currently in his favour to start forecasts on production numbers of pigs.

5.8.3. DISCUSSION

Literature describes that implementing a catral chain information system can increase transparency
of the supply chainCommunication between chain partners improve, and products might be
valorised better. Setting up a central chain information system may result in the need for digitalize
additional information, which can be time and money costly.

Respondents think that until now, time was not ready for central chain information systems.
Nowadays data is exchanged between different data systems of individual chain parties. Literature
stated howeverthat databases are often not interlinked. This can be caused because the article that
this described was already some years old and things might have changed in between.

Currently, there are some initiativeionsystem BdvhkIC' s
parties even work on blockchain implementationOne of the respondents described that he got a lot

of new insights about supply chain processes by such a central information systebata shared in

such a system should according to respona¢s be limited to a limited amount of high relevant data.

However, the list of types of information that is mentioned important to share by chain partners is

quite long. This might be caused by chain partners having different types of data have that ar¢hefir

interest. Respondents mention that collecting metadata is important to get insight in which types of
information are produced by different chain partners. Possibly,he difficultness of predicting demand

levels based on datanight haveto do with fluctuations of sales and the cut in the supply chain at the
slaughterhouse.

5.9. IDENTIFICATIONOF ANIMALSDNA AND RFID TECHNOLOGY

In order to be able to share information about pigs in a chain information system, it is necessary to
give them a certain kind ofidentity. There are different ways to do this, individually or aanimal
group level. When individual animals can be identified and traced through the supply chain, the
transparency of the supply chain can be increased. In this section, DNA and RFID teghes will be
discussed that can support chain information systems in individual tracing of animals.

59.1. LITERATURE

There are two ways for individual pig identification which are usable in different supply chain steps:
by use of DNAtracing and by use of RFIDechniques(Wognum & van Erp, 2013) RFID tags are
automatically readable in the slaughtering proess, which makes reliability and accuracy higher than
manually reading of (nonrRFID) tags. A disadvantage of RFID tags is that they are quite expensive
compared to nonRFID taggyWognhum & van Erp, 2013) However, when RFIEtags are reused, prices
of using those tags drop.
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The tag is put in the ear short after birth of the pigle(Balendonck et al., 2003) By this tag, pigs are
traceable until the moment of slaughter. An important issue ithe loss of ear tags: during life of the
pig and latr onin the scratching machine in the slaughterhous@Nognum & van Erp, 2013)When
pigs have los their ear tags, it becomes impossible to guarantee the identity of that pig for 100% by
using only RFID technology.

In the slaughterhouse, the different parts of the pig are separated from each oth€@omparableparts
from different pigs are together graips as batchegWognum & van Erp, 2013) Those batches again
are traceable in the further supply dain by using RFID tags on meat crateSracing meat crates could
also be done with bar codes, but that way of tracing is not as accurate as tracing with RFID tags
(Wognum & van Erp, 2013)

In the pig meat supply chain, the Customer Order Decoupling Point (CODP) is in the slaughterhouse
(Rijpkema, Van der Vorst, & Rossi, 2010Because the units before (pigs) and after (meat pieces) the
CODP are different and have a different RFID chip, another method should be used to trace meat in
super markets back to the famer.

DNA technology is very suitable for thigWwognum & van Erp, 2013) Furthermore, DNA traceabity

can improve customer relationships and create and maintain consumer trust. For example, customers
can check at a website on which farm the pig has lived. A DIdample is obtained by taking an ear
punch while tagging the animal with a combined DNA/RME tag(Caisley, 2017) Even baked or
processed meat can be traced back to the animal of origin with DNA traciflognum & van Erp,

2013).

The downside of DNA tracing technology is that it is quite expensive (arourdd euros) to analyse a
DNA-sample of every single finishing pigvVan Haeringen Laboratorium, 2017; Wognum & van Erp,
2013). In order to decrease costs, only the DNA of the siréshich produce much more offspring than
dams) of the slaughter pigs could be analysed. When analysing a meat sample from the supermarket,
the DNA should then partly match the DNA of the sire. M@ver, then it is important that those sires
are exclusively used by the PMMC for which they are assigned, in order to prevent slaughter pigs
unfairly be marked as PMMC pig@Vognum & van Erp, 2013) The movement of semen from the
Artificial Insemination station to the different pig farms then should be monitored and controlled very
precisely. As a bakup system, a DNA system from every dam could be taken but not directly be
analysed. In case of a suspicion of fraud, those DNA samples could be analysed too in order to give
clarity about the source of the meafWognum & van Erp, 2013)

5.9.2. INTERVIEWS

DNA TECHNOLOGY
By the use of DNA techniques individual pigs could be traced back from a batch of meatgurots.
With DNA tracing, it is even possle to trace back pieces of mincedheat to the pig they were once
part of. When DNA of all delivered pigs is known, it should be possible to trace back all individiMA
profiles in a sample of mined meat, e.g. aausage, to one of the pigs that were delivered in that batch.
When unknown DNA profiles are found, there is somewhere a leak in the production process.

Those DNA techniques are a nice outcome to trace back meat products to the pig they were once part
of, but also have their restrictions. Analysis of DNA samples is quite expensive, which makes it costly
to trace back every individual pig that was produced. Furthermore, it is important to realise what you
want to trace back and why you want it: transparencytraceability, or get some other information? If
individual tracing is not necessary to reach this goal, it better should not be conducted.
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Only when 100% of the boar and sow in the PMMC is DNyped and exclusively used for that PMMC,
there could be givena waterproof warranty on origin of the meat in that specific PMMC. When only
boars are DNAtyped, there is namely a chance of falgeositives, when the Al station delivers left over
semen from a boar intended for use in the PMMC to a ngarticipating farmer. Since it is costly to
DNAtype all boars and sows, there should be a good revenue model or other underlying meaning to
do this. However, according to the TIVO research, it is economically feasible to genotype the used
boars.

One of the respondents dgcribes the usage of DNA technology (and also RFID technology, sensors
and other hardware developments) as following: it can surely support blockchain supported
information systems in order to strengthen the link between the physical world and what is inhe
information system, but it is just like with blockchains themselves important to realise that applying
those techniques is not a goal on itself.

Respondent CImentions that their conceptalready have implemented DNA techniques. He mentions
that when the first test was conducted, only 50% of the meat at the retailerghich was sold as
concept meat of his conceptould be traced back to pigef the concept which he mentions very
disappointing. In three years, the percentage of traceable meat at the rd&as has grown to more than
90%. This took however a lot of effort, and many things had to change.

Some of the respondents also described the possibilities of a DNA scanner, which would work
comparable to a molecular scanner (like a SCIO). Such a scariador DNA not yet technical feasible,
but might be the only way to implement active DNA tracking, i.e. real time location of the meat. This is
different from DNA tracing, which is done afterwards.

RFID TECHNOLOGY
Besides DNA techniques, RFID techniquearcbe used to support central chain information systems,
by strengthening the link between the information system and the physical world. Furthermore,
automatically sensor data and barcode scanners can be used to strengthen this link. In this way, it
becomes more difficult to fill in falsified data in the system by manipulation or mistakes.

For individual tracing of pigs through the supply chain (from birth to the moment the pig is
slaughtered and cut into different pieces), RFID ear tags are very useflihose can be read
automatically without the necessarily for a person to check the number on the ear tag manually.
However, tags are quite expensive and there should be a clear reason to make it possible to trace
individual pigs through the supply chain. Ithere is a clear business case for individual tracing at the
level of the farm, like e.g. better management or decreased feed costs, individual monitoring of pigs
might be economical viable. Later on, chain concepts and breeding companies can use imptheg
products and production processes by using the tags and the information that is generated by using
the tags.

A point that makes the connection between the pig and the meat of the pig more difficult, is the loss of
ear tags. When piglets are tagged a very young age, they lose their ear tag. Without an (RFID) ear
tag, the data of thepig cannot be connected to the data of the meat, which leaves space for
uncertainties and possibilities for person exchanges of pigs. An outcome may be that pigs withear

tag in a group of pigs from a certain farmer presumably belong to that group, or batch, too. However,
the concept of individual tracing is then useless, because the tracing is not 100% correctly.
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Because individual tracing of pigs is quite expensivapt always practical applicable, and there is not
always a clear business case for this, working in batches might be more easy. First, a sow is the batch,
thereafter a litter of piglets. Later, the whole week group of piglets becomes the batch. Every chan

of batch unit can be stored in the blockchain. Furthermore, information on location, owner and
processes that took place are stored.

After the slaughter process, RFID could be used again. Then a piece of meat can e.g. be tracked
through the process ofa retailer. The RFID then correspondents to a batch of products, instead of a

pig. Again, some issues are involved, because placing a tag at every consumer package of meat is quite
expensive. Furthermore, it is difficult to link the RFID of a slaughteredigto the batch of products

that contains its products.

Because of the costs of implementing DNA and RFID techniques, those systems only should be used
when there is a clear goal supported by implementing them. Furthermore, a respondent describes

that it is necessary that there is a clear business case of implementing those techniques at the level on
which the costs are made. So: if you make the costs, you need to have revenues on it. The respondent
describes that it keeps difficult to create such a busirgs case, so that there are not yet many working
initiatives. However, this might become different with a blockchain system.

59.3. DISCUSSION

Technically, DNA sampling of all individual finishing pigs is a way to get a 100% assurance about
whether a certain pigor piece of meat was produced in a PMMC. However, practically this is (yet)
impossible because of too high costkiterature and respondents agree thahssurance by DNA
technology can relatively cheap be implemented in a PMMC whB&NA-sampled siresare exdusively
used in a certain PMMC. It should be noted that this is only a 100% closed systems when the typed
sires are really only used for producing piglets within the PMMC.

Both literature and respondents describe some issues that might be involved in ingmenting RFID
technology in pig supply chains. RFID ear tags can gest during the life of the pig. Literature

describes that the CODP in the pig supply chain is at the slaughterhouse, where also the pig changes
into pieces of meat. After that point, RIP systems also could be used when there is a good business
model for them. The change of entity at the CODP is difficult to handle for RFID systems in which
individual pigs are tracked, as als@ndorsed by respondents. RFID tracking of batches of pigs the
might be a more viable alternative.

Respondents describe that i mplementing DNA technc
but there should be a clear business goal to do dmplementing those technologies should not be a
goal at its own.

5.10. BLOCKCHAISINP MMC"’ S
I n this section, applications of blockchain techr

5.10.1. LITERATURE

As already stated, BT is a technology that is still in its infancy but has a high potential for disrupting
existing processes imAgri-food (Tian, 2016). BT can create transparency in opaquenefficient
production chains in which counterfeit products circulate(Hofstede, 2017). Because of the increased
transparency in the supply chain that is created by implementing BT, transaction costs decrease
(Manski, 2017; Smit2017). Implementing smart contractsis a way in which BT can help to decrease
transaction costs Another application of BT isto increasetraceability of products within the supply
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chain (Smit, 2017). In this way,BT cane.g.help with the assuranceof measures that increase product
value but also result in a higher cost price, like.g. mentioned in section 1.{Smit, 2017).

BT can help in solving problems like fraud in pig supply chains. Besiddsy increasing transparency,
the image of pig farmers and pig sector can be improved. Therefore, BT is an interesting technology
for information sharing and assurarte in pig supply chains. Bcause of the close collaboration
between chain partners and theneed for distribution of credible information through the supply

chain, BT might be good applicable in PMMC’s

The more information systems of different levels in the supply chain are interlinked, the less easy it is
to conduct fraud. Central informationsystems can interlink information and the application of BT
prevents fraud with this data because of the inadaptability of existing nodes in the blockchajmian,
2016). Furthermore, in case of food frauds or food scandals products could be more easily traced back
to the responsible chain partner in order to recover damages.

Another possible application of BT supported infomation systems is to track and control supply and
demand within supply chains(Smit, 2017). This can help to solve problems of information
insufficiency and inadequacy to decrease the bullwhip effe¢Geebacher & Schiiritz, 2017)

Implementing BT can help to trace pigs in the supplghain. In order to be able to do this, first of all
information from the management system about the piglet is important. The piglet should have an
unique identification number in order to trace it through the supply chain(Balendonck et al., 2003)
Besides, the sire should be known in order to trace meat back for DNA tracing purpog¥éognum &
van Erp, 2013) Furthermore, information about e.g. the date of birth can be added, in order for
downstream supply chain partners to estimate the nmber of piglets they receive at a certain moment
in time.

In a PMMC supply chain, BT supported information systems may have two functions on supply and
demand controlling. On one hand, the number of available pigs at the slaughterhouse can be
monitored and calculated by tracking the number of pigs at pig farms. Sows are inseminated for about
eleven months before pigs are finished, so from that moment on the first supply calculations can be
made (Baltussen et al., 2016; Bergevoet & Bondt en Marcel van Asseldonk, 2Q1@pwnstream chain
partners could use this information to work on promotions to sell more meat in cases of surpluses. On
the other hand, when a too high supply is expected for artain period, production might be limited.

5.10.2. INTERVIEWS

Blockchain technology can help to create a good overview over a production chain: the predictability,
transparency and traceability of products and production processes improves. A pig can be tracked
and traced through the supply chain from the moment that its mother was inseminated, until the
moment of slaughter. After the moment of slaughter, blockchain technology can help to track and
trace the products that are made from the meat through the furthesupply chain.

One of the respondents mentions an example about organic sheep meat in England: there v
much more organic sheep meat at shops than the amount that could be produced by the nui
of organic sheep that was present. This was put in a bloelechand it became easily visible
where there were issues.

Respondent G1 mentioned thaterifying origin on base of numbers of animals and amounts of
products might be an alternative for taking DNA samples of meat in the supermarkets. Namely, DNA
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samples are taken after something went wrong, while as blockchain monitoring is done active while
production processes and product transportations take place.

The general opinion of respondents about applications of blockchain technology in the pig sector is
clear: use of blockchains will only be useful in cases when chain partners work closely together, like in
chain concepts or other situations in which more parties are involvedRespondent E1 described that

in those situations of a norconsolidated supply clain, blockchains can help to share information in a
good way and verify greements that are made between many different parties. Collaborating with
other parties is inherent on blockchain technology, so using the technique only within your own
company is wseless.

The respondents do not directly see viable cases of use in the pig sector in general. One of the
respondents mentiored that the pig sector is very fragmented, so that the effort and costs to
successfully implement a blockchain system are higher &m the returns.Furthermore, respondents
think that blockchain systemsare a mean thashould supportthe goal of a PMMC. Thus, applying
blockchains should not become a goal at its own.

Chain partners only want to share information if it gives themselvealso advantages. When it
becomes compulsory to participate in a blockchain project for being allowed to participate in a certain
PMMC, this already might be a good advantage to share the required information with other chain
partners according to the respamdents.

The expected potential of the technique is a reason for respondents to take part in blockchain pilots.
Supplying information as input for the blockchain database is mentioned as a way to participate, as is
helping to finance blockchain projects. Anajor incentive for respondents to participatein blockchain
pilots is that it gives the possibility to acquire knowledge on the application of blockchain technology
in pig business, what might be useful in the future. The respondents of the genetic compand the
feed company do however not see it as their task to take the leading role in blockchain projects.

In order to be able to apply blockchains on data, it is necessary to centrally store this dafme of the
respondents described thatcentral storage of dataonly can improve alreadytransparency in

production chains, because it gets easier to compare data, analyse data and check which data is
missing. When the second step, applying blockchains, is thereafter taken, the data gets protected for
possible fraud.

One of the respondents states that blockchain systems might in the future be implemented in the
backbone of standardized systems. Users then can use framd applications without the need for
knowing exactly how the blockchain running on the bBckground is working. In this view, blockchains
can be compared to internet: everyone is using it, without exactly knowing how it is working. The
technology is then easy to use and does not ask many extras from the user.

APPLICATION OFIBDCKCHAIN TECHNOY
Respondents statedthath e appl i cati on of Dbl ockchain technol og
consumers to verify whether the meat that they buy is really produced according to the rules that the
PMMC prescribes itselfOne respondent describes that ta availability of better information might be
the major added value of implementation of BT for consumers. It is not probable that all consumers
become very active in checking out the additional amount of information, but at least theye
provided with th e possibility to checkthe origin of their piece of meat. One of the respondent
mentionst hat by i mpl ementing BT in a central i nf or maj
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this passport, customers can find more information about the meat that thdyave bought or in store.
This meat passport can be differentiated to different detail levels for different parties, the government
is namely interested in other information then consumers or supermarkets.

Because of the increased transparency in the produci on pr oces s, PMMC' s can ¢
production process, e.g. on food safety or treatments of the pigs or meat that increase the value of the
products. One of the respondents mentionethe example of ehospital, which chooses specifically for

meat that is produced in a PMMC with a blockchain system implementedecause of the positive

effects on food safety it expects.

CHAIN FINANCINGCRYPTOCOINS AND SMART CONTRACTS
One of the respondents described thatdnks are interested in financing pig sibles, but often are
reluctant to finance the pigs that grow in that stable. Namely, in case of a bankruptcy, the pigs are sold
far under the optimal price. Howeverhe thinks thatby using blockchain technology, financing of pig
farms might change radicd.

As the respondent describes:

What continuous is produced by a supply chain is a kilogram of meat. The content of that kilogram of
meat (the costs on feed, genetics, health, etcetera) differs always from a random other kilogram of meat.
The only thingthat is uniform is the euro. The kilogram of meat can be seen as a digital credit card, the
guarantee that you every time keep producing. When meat is seen as a digital credit aqgekments

can be made: if you buy a certain type of semen at a certaistétion, or if you buy a certain type of feed

at a certain factory, or buy a certain type of disinfection liquid, you can pay it with your digital credit
card.—(C1)

In fact, the system thathe respondent describesanbe compared to a cryptocoin. Thusin this way a
PMMC has its own cryptocoin that finances the products that are produced by the chain partners. The
respondent thinks that by implementing such a systenthe financial streams within a chain can be
much easier. So farmers do not have to pdgr feed, get paid for their piglets from the next farmer,

who on his turn has to pay for feed, piglets and get paid for finishing pigs, etcetera. By the digital
guarantee of the meat, the production chain can be financed. When the final supply chain partis
selling the product, the digital guarantee system of the blockchain pays out the chain partners before
him in the chain.One of the respondents mentioathat he already knows investors who are

interested in financing pig supply chains with this systm included. So, investors from outside the
supply chain finance the supply chain as a whole, instead of a single supply chain partner.

Another respondent mentions that ly this system,measurements can be financed which do not have a
business model atthd e v e | of the party who have to conduct
another party profiting from a measurement of a partner without paying that partner, decreases. On

top of that, the value of the products increases, which is aajor goalof PMMC . s

Furthermore, respondentC1thinks that such a cryptocoin systentan be usedn more situations, like
e.g. company takeoverNowadays it is very hard for new farmers to buy a farm when they do not
have one, because of the high investment costs. Firtiimg might be madesasierwhen their animals
and their feedstuffs arefinanced by thecryptocoin system of a PMMC they are part of

Such a set of requirements that have to be fulfilled before a certain amount of money is released is
known as a smart contacts. In those contracts, greements are made in advance and pagut is done
automatically after the set of requirements is met. However, one of the respondents describe that this
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theoretical is possible, but that there are not yet working practical exampk. One of the reasons for
this might be that it is very hard to quantify all theinformation that is required for a smart contract
transaction. Furthermore, when financial data is handled in a blockchain, parties might get privacy

related objections.

5.10.3. DISQJSSION
In table 5.7, thefindings from this sectionare summarized.

Table57:! DP1 EAAQOET T O 1 £ A1 1T AEAEAET OAABITITCU ET 0--#60 AEOADOO
Concept Literature | Respondents
Assuring measurements that increase product value Yes E2,G1,C1
Implementing smart contracts Yes E2
Increase transparency of pig supply chains Yes F1
Decrease of fraud possibilities and impact Yes Gl
Decrease transaction costs Yes F1, C1
Increase traceability of products within the pig supply chain Yes Gl
Helping to track and control supply and demand within pig supply chain Yes
Information sharing in non-consolidated production chains El
Increasing possibilities for consumers to check origin of meat (e.g. setting El, E2, Gl
up a meat passport)

New financing models for pig supply chain partners, using e.g. a cryptocoin Cl,G1, E2

Another use of bockchain technologyin Agri-Food might e.g.be in the verification ofmanure
transports. Furthermore, there might be a ole for blockchain technology in the production process of
animal feed. The Dutch pig sector is very much depending on import of feed materi@sn Vliet & van
den Brink, 2011). Feed companies could apply blockchain technology to lay claims on their
production process and every individual kind of raw material that they have used in their products.
For instance, information about origin and content can bstored in a blockchain supported
information system in order to assure the quality of produced feed and decreasedhisk of feed

contaminations and scandals

Smart contracts might possibly contribute to ass!
For example, a bonus per pig might only get paid out when the dropout of piglets is below a certain
percentage. However, a lot of data should be quantified into the system, before such a smart contract

could beautomatically conducted.

5.11. SETTING UP A BLOCKCHAINRNMMC* S
I n this section, i ssues in setti

ng

inpiteraturehioto c k ¢ h a i

much information was found on this topicHowever, a lot of information was derived from interviews.

5.11.1. LITERATURE

Results of monitored processes within the supply chain can be stored in the blockchain. However, in
order to be able to store thing in the blockchain, concepts should be operationalized into measurable
variables (Kumar, 2011). After all, concepts are subjective and thus not measurable. Some concepts
can directly be transferred into a variable, for others a set of indators is necessary. The kind of
variable that is derived (nominal, ordinal, interval or ratio) depends the accuracy rate of a variable
(Kumar, 2011). An example of a concept is tail biting, a tail damage score derived by a standardized

protocol is an example of a variable.

In order to successfully implement a blockchain system in a PMMC, processes within the chain should
be standardised and digitalised Smit, 2017). Furthermore, all partners should take parin the project,

45



because otherwise the added value of the BT system is locSbme authors have doubts about how
mistakes can be restored if necessarfHofstede, 2017)

5.11.2. INTERVIEWS

All respondents described that process to set up a blockchain system is veipé and effort costly.

This process starts with realising what the possibilities of blockchain technology are, looking whether
there are possible application in your own PMMC and, if that is the case, gain support of fellow chain
partners. However, expecttions should also not be raised too high. As one of the respondents
describe:

At the moment, the general opinion is that setting up a blockchain is more than 50% talking, or social
work. The real developing time, or programming time is quite limitgdz2

Before a working pilot version of a blockchain supported system can be launched, a lot of information
analyses and situation analyses should be done. The fact that blockchain technology is relatively new
makes this process even more difficult.

Different respondents described that when a system is set up, this needs to be done in small steps.
Chain partners need to be convinced to take part in a blockchain project, which might sometimes be
difficult. Some chain partners might even be replaced when they arenwilling to or possible to
collaborate in a blockchain supported information system. Furthermore, the systems that chain
partners currently use need to be adapted and certifying organizations like the government should
accept those adapted systems.

Respadent E2 mentioned that there might be different systems needed for different people with
different roles in the system. For example, some people might only use the system for viewing data,
and other people use the software to actively verify nodes. Furtimore, the software developing
party needs to have the possilliities to improve the system if necessary, and the chadirector might
get some additional rights compared to normal supply chain partners.

Data needs to be quantified before it can be put the system. Therefore, the information and format
of the information needs to be standardized. Furthermore,grteements on ownership of original and
modified data in the blockchain needs to be made between chain partners. Furthermore, one of the
respondentsdescribe that when a system is running, it might not be in favour of chain partners to
directly change again a lot of things.

When the system is finally running, it is important to keep disciplined with filling in data into the
system. Without a good disipline, the good effects of the blockchain system quickly drop.

One of the respondents compared blockchain technology to big data and machine learning techniques:
many people say that those technologies are very disruptive. They mention plenty possiblen€tions

in which those techniques can be applied, but the number of real operational applications is not yet
very high. So, it is not yet possible to say with a high level of secureness how e.g. the profit margin of a
supply chain is shared in a blockchai supported system.

NO HIGHER SELLING PRICE
Many respondents think that it is difficult to find a clear business case for applying blockchain
systems in supply chains. The value of the meat itself namely does not increase when blockchain is
implemented. What changes when blockchain is implemented is that the quality of the meat is better
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assured. Howeveraccording to respondent Glthere is no business model when there are no quality
issues. As the respondent describes:

As long as everything goes all righthere is no business model. Only if it goes wrong, you (...) can quickly
and adequate react on issues. However, 99% of the times everything goes right. So you doing it for that
one percent, and then the business model always becomes somewhat moreltdifficsl)

SYSTEM MANAGEMENT
System management can be split into two kinds of management: software developing and certifying
and verifying content as a supervisor and director. Since most users presumably do not have much
knowledge on programming, a thirdparty will most likely conduct the software developing.

Most respondents agree that the chain director should manage the content of the system. This party
can set the requirements to which the system should belong and furthermore fulfilling the role of
supervisor. Preferably, the chain director should be a party who is financed by the whole supply chain.
When the chain director would be a stakeholder which is involved in the production process itself,

this party could get problem with the appearance of aanflict of interest. The other chain partners are
involved in the BT system by verifying and providing data.

PAY FOR DEVELOPMENT OF SYSTEM
According to the respondents, chain partners should together pay the development and the
maintenance of the blockchan supported information system. Again, the chain concept only should
apply blockchains if there is a clear business model for it. Besides, goggteements should be made
with the software developing company. For instance, it is important to discuss how delopment costs
and maintenance costs exactly get rewarded.

What the right way is to spread the costs of the system over the different chain partners is a
somewhat difficult question for the respondents. They think that this would presumably also depend

on the general outline of the chain. In case a BT supported system is implemented in a PMMC, a chain
director might play a leading role in sharing the system costs in a right way.

Furthermore, there might be a role for specific parties in investing in bldchain applications. If a
system gives only added value to e.g. a government (in law enforcement in that case), the government
might need to invest in a blockchain supported information system.

Blockchain technology offers new possibilities for investmers by third parties, like e.g. by coin
offering (Hofstede, 2017) One of the respondents mentioned that coin offering also might be a way in
which PMMC's with a blockchain system can acqui e

INFORMATION PROCESSIRBPACITY
Because a lockchain system that would be implemented in a PMMC &cording to the respondents
presumably a closed blockchain, there is not much calculation capacity need&gspondent E2
mentioned that some simple desktop computers thus should be able to do the reiged calculations
for the blockchain system, and so every chain partner can be involved in those calculations. It stays
however important to have different parties involved in the calculation, because when a party has
more than 50% of the calculation powe there might be a chance of unverified changes in the system.

CONNECTING TO EXISTING SYSTEMS
Several respondents mentioned as an answeranh e question “how could a bl
connected to existing sys tlekalsan supportedhifornpatiogsysemp pl y
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can easily communicate with existing data systems by using connecting software. By using protocols
like EDI, data can be exchanged between different data systems. One of the respondents mention that
it i s good andoterfacektleat afeRdfeirisg to information in other systems, without
copying everything what is e.g. currently already in a sow management system to the blockchain
system.According to respondent E2,lte development of data models thus becomes imptant to

make those links between data systems more easy.

ERROR PROTOCOL
Because data entered into the blockchain supported information system cannot be changed
afterwards, there needs to be a good protocol about hopossible made mistakes in data entry ca be
fixed. Making a correction transaction afterwards might be a good way to resolve this problem
according to respondent E2 Then, every user can see that there was a mistake in filling in
information, and that it was resolved. This improves transparency

One of the respondents mentioned that it firstly is important to prevent the possibilities to fill in
incorrect data. In blockchain systems, the principle of garbage in, garbage out is also present: if the
input data is of low quality, filling in data n a BTsystem would not improve the data. So verifying
input data is very important, besides a good failure protocol. One of the ways to do this might be to
save the raw data (i.e. on paper), so that later on this could be checked again.

DATA (UN) SUITABE FOR SHARING
One of the respondents describe the information t
that helps for selling the products”. Generally,
Most often, this is only quite geneal and basc information.

The general opinion of the respondents is that very detailed information (like e.g. exact daily
weightings as respondent E2 mentioned) might not be relevant enough to store and share in a
blockchain. This makes the system heaviend does not contribute to the goal of the system. So, only
data that is for the whole supply chain of importance to share should be shared. This might e.g. be
identity information, so when there are 1000 pig produced, is should not be possible to sell ateof
1500 pigs. Or there are more sows inseminated then doses semen produced. Furthermore,
information on pig health can be included. Blockchain can support systems to check those things.
table 58, types of information are given that are according teespondents important to share

between chain partners when using a BT supported central information system.

HIGHER DETAIL LEVEL OF SHARED DATA?
Nowadays, most blockchain projects are only stubborns yet. The level of detail of information shared
is limited, but might be increased when there is a need for that. So, also the demand for information
supply in PMMC’s that wuse blockchain technology \
respondent described that it is not important that a certain ew had 12 piglets weaned and another
sow 15 piglets. However, for genetic companies the exact mother and father of a pig might be
important.

Furthermore, some information is only useful when it is stored with a level of detail in it. For instance,
things that have happened during the life of a pig have an influence on the quality of its meat.
Respondent C1 described that lung damage might be caused by a virus, but also a too low
environment temperature during a few days. When the environment temperature igged for a few
times per day in the blockchain, the temperature can be checked afterwards when lung problems are
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found during slaughter. In this way, it becomes easier to find causal relationships between certain

factors that influence the end product.

Table5.8: Important types of information to share in a BT supported information system according to respondents

Type of information Respondent
Identity information of the pigs E2
Number of used sires Gl
Number of doses of semen Gl
Number of produced finishing pigs Gl
Breeding values Gl

Feed type F1,C1,G1
Feed conversion rate F1,C1
Climate inside the stable F1,C1, G1
Climate outside the stable F1, Gl
Genetics of the pigs F1

Health information Cl,E2 G1
Antibiotics use E2, G1
Transport information Cl
Disinfection of transportation vehicles C1
Slaughter information G1
Information from the retailer Gl

5.11.3. DISCUSSION

During the interviews, several topics were found that are according to the respdents important to

take i nto account when sett.i

ng

up

a bl ockchai

found in the literature research. In table 3, the most important factors are mentioned.

Table5.9: Important factors to take into account when setting up a BT supported information system in a PMMC.

Concept Literature Respondents
Operationalization of concepts into variables yes G1

Processes need to be standardized and digitalised yes

Broad patrticipation of supply chain partners in the project yes

Building a good error protocol yes Cl,E1, E2
Setting up a central information systems costs a lot of time and Cl,G1,E2
effort

Setting up a system needs to be done in small steps Cl,G1
Discipline in maintenance of system El

Finding a clear business model for the BT system can be difficult G1, E2
Stakeholders need to get different roles in the BT system E2

Good distribution of costs of the system over supply chain partners E2,G1,F1,C1
Developing a link to existing data systems G1,E2, E1
Data put into the system should be limited to only high relevant data El, E2, G1

A note that should be made about the last point in the table, the level of detail in a blockchain data
system, is that irrelevant for one party might be highly relevant for another party.

5.12. PRIVACY AND DATA OWNERSHIP

In this section, privacy and data ownership issues on the application of blockchain technology in

PMMC’' s i s Theiamoon o [#eeatlre found on this topic was limied, the respondents were

however able to provide some more insights on this topic.
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5.12.1. LITERATURE

According to literature, it is not very clear how to deal with privacy issues of blockchain technology
(Ge et al., 2017) There are not yet legal fimeworks present which e.g. prescribe who is responsible
for data in a blockchain systen{Hofstede, 2017) However, some rules from European privacy laws
might be applicable, like the GDPRccording to this legislation, the amount of personal information
collected should be limited to a minimum. Furthermore, in the GDPfRe right to modify or erase
personal datais included (Hofstede, 2017) This is however difficult in blockchains, since information
cannotbe removed after it was entered into the blockchainJsers of open blockchains might not like
the total transparency of data they provide by participating iran open blockchain systemTotal
transparency of data in a blockchain system migle.g.not bein favour from a business side of view,
because some ampanies (like traders) are dependent on informatiorasymmetry (Ge et al., 2017;
Shrier et al., 2016) Some authors state that privacy issues in blockchain systems can be covered by
using pseudonyms(Seebacher & Schiritz, 2017)However, when there is only a small amount of
participants of the system, it might be easy to find out which party anathich pseudonym belong
together.

5.12.2. INTERVIEWS

VISIBLITY OF DATA FOR ALL CHAIN PARTNERS
The respondents think that there is currently no case of use for an open blockchain in the pig sector,
because many firms will not be willing to share all information teeveryone who is interested in it. In
closed blockchains, data is shared between chain partners and consumers only can see the
information that is given free at the exit of the system. In this way, customers can check e.g. the origin
of the meat. On top ofhe privacy issues that are involved in an open blockchain, a closed blockchain
is much more efficient than an open blockchaimccording to respondent E2, dring the initial phase
of a BT systemopen view access might be useful so that chain partnersnceaxperiment with how
blockchains work.

Respondents state that making goodgaeements about a balanced level of data sharing between chain
partners is of great importance. A high level of transparency is important, but on the other hand chain
partners shauld have the convenience that chain partners doing the best for the whole supply chain.
Thus, transparency also can have a limit.

Several respondents stated that the demaradi level of transparency depends of the outline of the
system. Factors like decidig which information is relevant, how this information is shared and which
rights are granted to certain users are important to take into account. Some users can get write/read
permissions on certain data, others only read permissions or even no permissitm view certain
information. Transparency by information sharing can give more insights in how the end product is
influenced by different production factors.

DATA OWNERSHIP
According to respondents, lhere are two types of data involved in (blockchain supprted) central
information systems: original data and processed data. Original data is entered by a party into the
system, processed data is original data processed by one of the chain partn&wgery chain partner
can process information different, in a vay that theresults are useful for them.Respondent E1
suggests that evnership of original data can be handled different than ownership of processed data
Respondent E2 mentions thathain partners should make clear greements on this. Since every
PMMC idifferent and there is not yet much experience with blockchain supported information
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systems, a clear general solution is not present. However, the general opinion of respondents is that
good gyreements that are made in advance can help to prevent disagments about data use.

One of the respondents mention that it is important to keep the amount of data that is gathered in the
system limited. According to him, an information system shouldnly contain metadata and have the
outline of a data hub. Such a da hub is a central place at which chain partners can give each other
access to their detailed information. In this way, it is not necessary anymore to create a new system
for every single database link that is made between chain partners.

PRIVACY
An increased level of information sharing between chain partners offer a lot of different opportunities
and advantages. However, the level of privacy decreases when more information is shared, dependent
on what information is shared and how much information is shred. Therefore, it is good to think
about privacy issues from the start of a blockchain system on. For instance, respondents describe that
do not directly want to put financial information in a blockchain system. This information, like on
profit margins, is competition sensitive and companies are not interested in sharing those (yet). For
the same reason of privacyrespondents think thatit is most likely that firstly, only closed blockchain
systems will be i mplemented in PMMC’ s.

5.12.3. DISCUSSION

Literature states that open blockchains decrease the level of privacy of blockchain users. This may be
conflicting with European privacy legislation like the GDPRzor example, he GDPR prescribes that

collected data should be limited to a minimumwhich might be conficting with blockchain supported

central information systems Because of the total transparency that is involved ian open blockchain
system, respondents see currently no business cac

Respondents described that god agreements should be made in order to determine the right level of
data transparency. Furthermore, there might be different greements made on ownership of original
data and ownership of processed data within the system. Respondents are currently notdrested in
sharing financial data with supply chain partners, so presumably this would be left away from a
blockchain supported system.

5.13. SUPPORFROM ACTORS OUTSI DE PMMC’ S

I n this section, the need for supporQ’ sf raonnd abcltoocrks
systems in PMMC’'s is discussed. Three main types
and/ or politics, NGO s and retailers.

5.13.1. LITERATURE

New market concepts do not always fit perfectly in current legislation. Sometimes legisian is
conflicting with certain traits of PMMC' s, ot her
Organic pig farmers got a lot of support from politics in the starting phase of that conceferbong,

2006). The ministry of agriculture has an important role in creating supporting environments for new
PMMC’ s, by e.g. changing | aws(vaa@Gatendida.j201gAnf | exi bl e
example of laws that might be restricted are e.g. laws on competitigaan Grinsven et al., 2014)

Oneofthemst i mportant PMMC’s in the Netherlands is t
Quiality Mark) of the Dierenbescherming, the Dutch Animal Rights Society. The Beter Leven Keurmerk
started in late 2007 and was set up by the Dierenbescherming because they diot only want a better

life for the few animals that are living in an organic system, but also a slightly better life for all the
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other animals that were still living in a conventional production systen{van Galen et al., 2011)Beter
Leven works with three levels (stars) of meaproducts, in which one star means that the animals only
had a slightly better life than animals in conventional systems, and three stars mean that the animals
were kept in an organic systen{van Vliet & van den Brink, 2011) The pressure of
Dierenbesterming create possibilities for sustainable production of meat, and customers seem to
want to pay mforieerdalry ™ ame anta.l

Chain coordinators i n case othe Bét® bevem Fourldationean Help to decrease the
threshold for moving to adifferentiation strategy. Examples of ways in which this could be done is by
helping in obtaining permits that are necessary for building an appropriate stable that is required for
producing the PMMC products, or giving subsidies to decrease the costshufse permits for the

farmer (van Galen et al., 2011)

5.13.2. INTERVIEWS

SUPPORT OF THE GOVERNMEENNND NGO’ S
Respondents differ a lot in their opinion about the role othe governmenta n d  NilGsBtting up
blockchain supported information systems. Some respondents think that there witlot be any
support from those two kind of parties others think that there might be some ways in which the
governmenta n d  NoGUl'sgpport blockchain supported information systemsExamples
mentioned are providing subsidiesor other kinds of financialsupport, sharing knowledge and
expertise to provide support to open source platforms in the starup phase.

NGC

One of the respondents thinks that PMMC’s shoul d

system themselvesHowever,the government migh help whenthere would be a clear use for general
purpose, like easierenforcement of laws.However, in this situation some respondents still have their
doubts whether development of a general platform would be possible. Declarirggblockchain system
geneal binding is an optionfor the government when there is a clear general purpose for it. However
he thinks this would not be vey likely. When easier enforcement of laws is the only reason for
implementing a blockchain, therewould presumably notbe abusiness case in which consumers pay
for the added value. Theparty which hasan advantage of the blockchain systenso the government,
should then pay for the system

One of the respondents described that NGO’ s | k e
blockchain information systems in the Beter Leven PMMC, in order to improve transparency. Another
respondent describes that NGO’ s might play a r ol e
requirements on e.g. animal welfare.

SUPPORT OF RETAILERS
In contrast to a role forthe governmentand NGO’ s, many respondents thir
for retailers in supporting blockchain supported

power position, supermarkets can ask their suppliers to put infomation in a blockchain system. This
can speed up the process of creating blockchain applications. A major incentive might be improving

transparency, since retailers are afraid of getting involved in scandals. If someone states that mistakes

are made within the production process, the retailer wants to be able to react quickly. Furthermore,
retailers like to be possible to tell a positive story to consumers about the production processes in
their supply chain. This openness forces to be integer, because gvmisstep is publically visible.

Because of the increased transparency that a blockchain supported system creates, possibilities to do

a small delineated product recall in case of a scandal, instead of a big delineation program, grows.
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5.13.3. DISCUSSION

In literature, support of the government is often described as changing legislation is such a way that
there are more possibilities for collaboration between chain partnersn the literature, nothing was

found about subsidies toset up blockchain systems in AgfFood. From the interviews, we know that
subsidies presumably only would be given when there is a clear general purpose of implementing
blockchain systems in pig supply chains. Easier enforcement of laws might possibly be such a purpose.

NGO’ s w h avedir asPMM@ naight use their position to help farmers who enter their PMMC,
and thus move to a differentiation strategy. Improving transparency n t h e i mighPdd®C’ s
reason to implement blockchain technology.

According to the respondents, retailergnight be interested in helping to set up blockchain system in
pig supply chains to limit the chance on food scandals that negatively affect their reputation.
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6. DISCUSSION AND CONCLUSION

In this chapter, first the results from the literature research andinterviews are discussed (6.1).
Thereafter, theanswers to the sub research question$(2) and main research questior(6.3) are
given. In paragraph 64, limitations, transferability and justifiability of this research will be discussed.
Section 65 contains some drections for further research.Finally, in section 6.6 theimproved version
of the conceptual framework of figure 3.1 is given.

6.1. DISCUSSION

An interesting finding of this research is that
creating valuable products for consumers, while as literature focusses more on generating profit.
However, it is important to take both of those factors into account when success of a PMMC is about to
be measured, because they are correlated to each other.

Literature describes great possibilities for applying blockchain technology in supply chains, but
respondents were somewhat more conservative during the empirical part of this research. Several
respondents stated namely that applying new technologies only woulde a good idea when there is a
business model for it. According to interviewees, a blockchain system should only be used to share
basic data about products and production processes instead of putting in as much data as possible.
Before putting in data inthe system, it is necessary to quantify concepts into measurable variables. It
might be difficult for some concepts (like e.g. animal welfare or stable climate quality) to do this in a
secure and unambiguous way.

During the interviews, a lot of differenttypes of information were found that areaccording to
respondentsimportant to share between chairpartners. However, at the same time respondents
stated that the amount of data sharing in a BT system should be limited. This is a little bit
contradictory. It could be caused by the fact that every chain partner has different types of
information that are relevant to them, and all those types of data together result in a lot of different
types of information.

The management issues that were found during thigerature research were different from the
management issues that were founérom the interviews. This might be caused by several different
factors, like a lack of topical literature. Thus, respondents probably had more, newer and deeper
insightsinmanage ment i ssues in PMMC's compared to the
eight years old). Furthermore, the respondents probably had a more practical approach on
management issues than literature.

Some other topics were discussed by respondents, but ncovered by literature. Those topics include
outlines of PMMC supply chains and possibilities for communication towards consumers, technical

i ssues in setting up BT systems in PMMC’s and pr.i

Possibly, this caild be caused by the specificity of this information. Furthermore, because this is an
exploratory research, it might be possible that unexplored terrain was found and entered.

Literature is most often focussing on applying open blockchain systems in Agfood supply chains.

An advantage of such systeacompared to closed blockchain systemis that information stored

within the system is better assured. However, according to respondents there are not immediately
applications of open blockchains systems inBMC’ s. A maj or reason t hat
concerns on competitive sensitive information. Literature stated that applying open blockchains

might be conflicting with the European GDPR legislation. This was not mentioned by respondents, but
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is howewer important to take into account in setting up BT systems in general. Thus in fact, literature
and respondents agree that there are privacy issues involved in open blockchains

In contrast to open blockchains, respondents see possibilities to implemenibsed blockchain systems

in PMMC's. An additional benefit of applying a cl
processing capacity to maintain such a blockchain system compared to an open blockchain system.

This saves costs for expensive agputer equipment and electricity bills.

COSTS AND FINANCING BBT SYSTEM
Finding a clear business model for application of
sampling and RFID) is another issue that was mentioned by respondents. Literaglis optimistic
about applications of those techniques, but respondents bother about finding a good business model
in which the costs of those techniques are turned into profit. Possibly, increasing square valorisation
by selling more minced meat productas PMMC products might be such a business case. Respondents
generally do not think that consumers are interested in technical background information of meat.
However, they agree that providing additional information about products and production processes
shows confidence in integrity of those products and processes. Increasing transparency was
mentioned by both respondents and literature as importantforimpo vi ng consumer tr us:
However, consumers willpresumably take fraud prevention for granted, so respondents are not sure
whether they are willing to pay a price premium for product and production process assurance by
applying BT in a PMMC.

Literature described that the government, NGO’ s ¢
support for development of BT systems in AgriFood. However, this is in contrast to the opinion of the
respondents. They generallydihot t hink that NGO's or the governr
PMMC’' s financially, becauseleatchse ofgenavabpuipatefono st | i ke
appl yi ng B ResponderishMeévér agree with literature on collaboration with

supermarkets in implementing BT systems, because thahink that supermarkets might implement

BT systems in their supply chain becawsof decreasing possibilities food frauds and food scandals.

6.1.1. RESULTS IN RELATION TO THE THEORETICAL FRAMEWORK

Creating a better information supply through the supply chain decreases the level of information

asymmetry between chain partners. This has a pitive effect on product credibility. In this research,

it turned out that applying BT in PMMC's has a pc¢
supply chain. So, the results of this study agree with the literaturieom the theoretical framework.

Blockchain supported central information systensi n PMMC’' s can decrease the
supply chains by several different ways that Akerlof (1970) and Shriegt al.(2016) desaibed. For

example, BT supported information systems can provide guanéees on product quality, help to
communicate the brand of the PMMC's and help to
brand of the PMMC. Thus, BT supported information systems can reduce the effort that consumers

put in finding good quality products, thus decrease transactiorwostsand thus have advantages for

consumers Furthermore, better monitoring (by e.g. ap
the agency theory, in loweltransaction costs and an increase productivitywhich are advantages for

producers. On top of that, since contracts recorded in a BT supported information system are

unchangeable, the risk of opportunistic behaviour (by e.g. opportunistic recontracting) of chain

partners decreasesHowever, despite all advantagesfo appl ying BT i n PMMC’ s, I
there is a good busi nes ssandahbiah party naust bearghe togt8yn g it i r
i mpl ementing BT in PMMC’'s, a central i nformati on
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extrinsic quality traits can be assured better. Quality monitoring improves and producers are no
longer anonymous producing mass products, which might encourage them to further improve
product quality.

6.1.2. RELIABILITY AND TRANSFERABILITY

Reliability of a research means that thanalysis of the qualitative data is done transparent,
communicable and coheren{Auerbach & Silvestein, 2003). The used search terms for the literature
research were included, which gives future researchers the possibility to repeat those search steps.
Thus, in principle a researcher with basic academic knowledge would be able to repeat those staps
come to a comparable outcome.

Transferability of a research means that general lines of patterns found in a research could also be

found in other contexts(Auerbach & Silverstein, 2003) Since this research was focussing on applying

bl ockchain technology in PMMC' s, patterns found
other cases in AgriFood. Several arguments support transferability of this research. Firstly, one of the
requirements for applying BT in a supply chain is close collaboration between chain partners. Some
examples in other | ivestock s eeet(eggsjantiMolvaa®et er ' s
(chicken meat)(van Vliet & van den Brink, 2011) BT thus might be applicable in such chain concepts.
Secondly, other livestock sectors also face fraud, like e.g. when horse meat was sold as(btssfinga

& Van Waarden, 2015) Thirdly, since thisresearchwas nl y f ocussi ng on Dutch
might be transferable to other (European) countries. For instance, there are several concepts for beef
(e.g. France Limousin) and chicken meat (Label Rouge) in Frar{®an Stokkom & Kamps, 2014)

Fourthly, scandals like e.g. the horse meat scandal are not always limited to the Netherlands. In this
specific case, the meat was sold to several other countries like France, Gr8aitain, Sweden and

Ireland (Huisman & Van Ruth, 2014)So, patterns found in this research also might be transferable to
cross-border BT systems in AgriFood.

6.2.  CONCLUSIONS

The main research question of thishesis was: How can Blockchain Technology help to increase the
success of Dutch Pig Me BeforavamawériagtithisQuestiocnetetsth ( P MMC’
research questiors of this research will be answered.

SRQ 1: HOW CAN SUCCESS OFMEBABMMIED?S BE DEFI NED AND
According to the respondents, a PMMC is successful when it creates products with additional value for
consumers, so they buy the products produced by the PMMRespondents statedhat generating
profit for chain partners is only a second degre®bjective. However, literature described that
generating profit is the most i mportant success
not agree on the definition of success for PMMC’

SRQ 2: WHAT IS IMPORTANT INFORMATION TO SHARE BETWEENWERRS | N PMMC’ S?
By information sharing between chain partners, they can work together more efficient. This can save
unnecessary costskrom the interviews, it was found that g@plying blockchain technologies might
even not be the biggest improvement thataves costs: central storage and interlinkage of data that is
currently already available might be an even more important first step. Different information streams
are nowadays often badly connected to each other. Bringing those information streams centsall
together increases transparency, which can help to improve existing processes. Furthermore,
respondents described thait might be possible tocreate new management variables out of data of
different sources. This also can help to get new insights thaelp to improve existing production
processes.
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Literature and respondents agreed that bsides sharing knowhow on how to produce in the PMMC, it
is important to share production variables between chain parters. However,according to
respondentsdata sharing should be limited to only high relevant dataRespondents described several
types of information that arerelevant to share between partnersNumber of pigs is one of the most
important, as are origin of the pigs, genetic background, feed type, grow eat health information,
antibiotic use and slaughter results.

Because it isaccording to respondentsoften technicaly not feasible and economically noviable to
collect this data on individual animal level, this data isften collected atanimal group level. Working
with life animals always provide uncertainties in the production processi-or example, animals can die
or get ill, which decreases their productivity and valueHowever, developments on DNA and RFID
technology might contribute to increased posibilities for tracking and tracing at individual animal
level. One of the respondents described thatemtral logging of data of different chain partners gives a
better overview of the production chain and can lead to new insights about e.g. problems thaherge
at several farms simultaneously

SRQ 3: WHAT ARE THE CRI TI CAL FACTORS THAT DETERMI N
Literature described that in a PMMC, the interests an individual chain partner are subordinated to
the interest of the overall interest of the collaborating chain partners. A chain director couléulfil a
leading role in a PMMC, i.e. taking the initiative for new innovations or checking whether the rules of
the PMMC are followed.

Beingefficient in the basc process of pig farming isaccording to respondents @ important first
requirement for PMMC’' s. Ef ficiency can be enl ar ge
partners, a limited number of supply chain partnersand a certain minimal production size.

Furthermore, efficiency @n be increased by a constant level of supply of pigt’hen products are of a

constant quality, consumers and customer&know what to expect from the products they hy.

Literature suggested thatquality could be communicatel to consumers via a qualityfabel.

Furthermore, literature stated that byinnovating itself in small steps a PMMC castay relevant for
consumers.When the PMMC is relevant for consumers, i.e. it creates added value for them, they might

be willing to pay a premium for the products. Howeer, the pricedifference of PMMC products
comparedconventional products consumers are willing to payor is limited to about 25%.

Literature and respondents agreed that good squarevalorisation is essential for having a successful
PMMC. Additional cost canbe spread over more kilograms of meat, which decreases the additional
costs per kilogram of meatRespondents stated thatihishing barrows can increase the square
valorisation, but hashowever a negative impact on animal welfareKeeping in mind seaonal
differences in demand of certain pars of a pig in production planning of meat products can contribute
to a higher square valorisation. Furthermore, tle production of more minced meat product$as a
positive effect on ahigher square valorisation,which however set the requirement for a good product
traceability through the supply chain.

Respondentsfurthermore agreed with literature that tracing of origin is a key factor that supports a
successful conceptThis decreaseghe possibilities for and impact of fraud and mistakesA central
chain information systemhelpsto trace origin of products and separate PMMC product streams from
the stream of conventional products. Furthernore, respondents described thatstrict working
protocols contribute to this goal.
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Respondents described that Wen products are traceable through the supply chaimguarantees on the
production process of differentiated products can be given. Those can be communicated to consumers
on the consumer package, possibly also in foreigmentries. Furthermore, consumer trust is

positively influenced by an increased supply chain transparency. Consumers might not be interested

in technical production data, but providing the possibility to checknformation shows selfconfidence

of producersabout integrity of production processesHowever, in order to provide guarantees on the
product process,it is necessary to linkpigs and products to each other. DNA technique is likely to be
able to contribute to this, butaccording to both literature andrespondentsindividual tracing of pigs is
(yet) quite costly.

SRQ 4: WHAT ARE CHALLENGES FOR DUTCH PMMC'S FROM |
VIEW?

Respondents stated that jy farmers are difficult to group together, because of their individuaiind-

set In literature it was found that the number of pig farms in the Netherlands is decreasing because of

low product prices,aging of farmers, lack of successors arfithancial difficulties in starting up new

farms or transferring existing farms to new farmersoutside the family.

Literature and respondents agreed that stting up a PMMC is a long process which costs a lot of effort.
Literature described that when switching from conventional production to production in a PMMC,
there might be an income drop whichmight be difficult to overcome.Power relations might change,
which might take time for chain partners to get used toRespondents described that Wwen producing

for a PMMC, ansumer knowledgeis necessanybut not always presentat chain partners Literature

and respondents agreed thathe willingness of consumers tgay a premium price for PMMC products

is limited. Furthermore, it was found thatheadcle d val ue of PMMC’ s is coOrr os
consumers perceive additionaimeasurements after a few gars asstandard. This haghe effect that
PMMC’s only have | imited time tkenprofit from the

Respondents stated just like literature thaDNA and RFID technology can support information
systems in order tostrengthenthe link from the product in the physical world and the product in the
information system. DNA technology is able to trace pigs and products from birth to plate. RFID tags
can track and trace pigs from birth to slaughter, and products from slaughter to plate. Howevégth
technologies have some issues, e.g. on cost price. DNA tracing could be made cheaper with only
sampling of exclusive used sires, which however is not a 100% closed system. R&dbDtagscan get
lost, and linking products to individual animals is diffcult.

SRQ 5: WHAT ARE APPLI CATI ONS OF BLOCKCHAI N TECHNOL
During the research, no working applicatonsob| ockchain t echnovtrefgupd. Dut c h
However, according to literature and interviewees, there are options to do so. Hawer, the opinion of
respondents aboutblockchain technology (and also aboupossible supportingtechnologies like RFID
and DNA t r acdigtimtthere are narivekbGossible applications, but applying blockchain
technology should not be a goal ats own. Furthermore, respondents described that BT caonly be
applied in a situation of close collaboration between chain partners, like is done in a PMMC.
Respondents currently work on blockchain piftots i
the technique.

Both respondents and literature described that pplications of BT can help tactively increase

t ranspar en cThiscan deérddde¢ @ansaction costdby e.g. better supply and demand
predictions and control. However, this requiresthat necessary data is digitalized and operationalized
into variables that can be entered into the databas&urthermore, blockchains can help with the

58



assurance of measures that increase product value. Thnereased level of transparencydecreases the
possibilities for fraud and the impact of conducted fraudvith e.g. those value increasing measures
Increased transparency and information supply (by e.g. a meat passpodi origin of meat will

according to respondentsprobably have a positive impactoncos umer trust i n PMMC’

Respondents and literature stated boththatbc ause of applications of BT
models can come upn which pigs are e.g. financed by cryptocoins of the PMMC and pawt is done

with help of smart contracts Those fnance models can help to pay out premiums to parties that

create added value within the supply chain which is not directly delivering profit tathemselves like

farmers who are using RFID ear tags instead of conventional ear tags.

SRQ 6WHAT ARE CHALLENGSS | N APPLYI NG BLOCKCHAI N TECHNOLOGY
Setting up a blockchain system is time and effort costhAccording to respondentsijt is important that
all chain partners collaborate and nordigital datais digitalized and operationalized into usefu
variables.Furthermore, links to existing data systens have to be madeTherefore, respondents
described thatthe best way to implement aBT systemis to do itin small steps. Furthermore, when
the systemis implemented,discipline in filling in data and maintain the systemis needed Most likely,
a third party will be attracted to a PMMC which develops the BT softwarRespondents and literature
are not sure about the costs involved in developing a BT system for usage in a PMMC or, broader,
Agri-Food.

According to respondents, it might be difficult to find a good business model for implementing a
blockchain system.Decreased impact of fraud and less possibilities for fraud are advantages of BT, but
respondentsare notsure whether consumers will bewillin g to pay a premium for products of a

PMMC becausef this better assuranceConsumers expect that no fraud is committed with their food,
also without paying a premium.So, they profit from the application of BT but are not likely to pay for
this. For chain partners less fraud is profitable, because of e.g. a better product imaghich may lead

to increased salesWhen chain partnersthink that those factors lead to a profitable business model of
applying BT in their PMMC, they thusvill presumably haveto pay the development and raintenance
costs of the BT systentheir self.

Respondents stated thathe outline of aBT system will to a large extent depend ongreements (e.g.

on an error protocol) made by chain partnersChain partners will most likely be holding back with

providing complete open access tdata they produce because of privacy concerns. Thereford,is

l i kely that BT systems in PMMC’ sConmsunhelscan getacdedsy b e
to data which is released at the end ofugh a system. Using a closed blockchain systdras also a

positive effect on the required processing power to run the system. Furthermore, the processing

power can be limited by sharing only high relevant data in the system. Howevelring the

interviews it turned out that it depends on the role of a party within the supply chain what

information they think is relevant. Respondents stated that it is important that bain partners make

good ggreements on what data is relevant to share and whis the owner of this shared data.

Respondents think that there probably would not be any support from the government in

i mpl ementing BT systems in PMMC’'s, except when a
system is of <cl ear gener alplementatign of B€ system&iva PMMBIi g h t
which they are connected to when they can use it to increase transparency. Retailers might be

interested in implementing BT systems in pig supply chains in order to prevent foogstandals, which

would negatively affect teir reputation.
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6.3. MAIN RESEARCH QUESTION

HOW CAN BLOCKCHAIN TECHNOLOGY (BT) HELP TO INCREASE THE SUCCESS OF DUTCH PIG MEAT

MARKET CONCEPTS (PMMC'S)?
Success of a PMMEn based on literature research and interviews bdefined as being relevant for
consume's and generating profit for producers.Based on evidence of the literature review and

interviews, closed blockchains systems an hel p t o i ncr e a sHowevdn,éndisglac c e s S

business model for appl yi ndgonBuliersiprofit fldildli@ttes mi g ht
assurance of productsand production processesbut presumably take a good assurance of products
and production processes for grantedThus, they might not be willing to pay a price premium for it.

Third parties like the governmentand N G Oaresaccording to respondentsalsonot likely to provide
financial support. So, chain partners togethehave tomake ayreements on financing the systenand

have to pay the costs involved theiself when they think there is a business modg(e.g.better

assurance, less fraud, beter imagépr applying BT in their PMMC

Applying a closed blockchain system in a PMMC can lead toiacreased supply chain transparency
which helpsto assure and strengthen consumer trusby sharing more supply chain inbrmation with
them. Literature and respondents stated thaDNA and RFID techniques could contribute to this
assurance, by increasing possibilities for origin tracing. Furthermore, by increased tracing
possibilities through the supply chain, the square valisation might increase. However, for all three
technologies (BT, DNA and RB) it applies that they are notpanacea which solveall problems in
PMMC’ s.

Centrally collecting data from different sourcesis needed when setting up a BT system in a PMMC

This step can already give a lot of insights in the processes within the PMi@hich can hep to

increase supply chain efficiacy and decrease cost price. A low cost pricengcessaryin order to be
profitable as a PMMCEurthermore, consumers might get accesto information in a central

information system, which can increas¢éheir PMMC credibility.Finally, from both interviews and
literature it was foundthata ppl yi ng BT in PMMC’'s might <create
with help of smart contracts.

6.4, LIMITATIONS
In this section, the limitations in relation to the conclusions drawn are discussed.

LIMITED AMOUNT OF RELEVANT SCIENTIFIC LITERATURE
Since the blockchain technology is new, a limited@ount of scientific literature was available.As of

b e

29-11-2017, 647 articles in Scopus matatdt he s ear c h q u,ewvhigh grewBtd &eBnglishai n”
articles at 31-01-2018 and 1885 English articles at 0809-2018. For t he search query

AND Agrculture” four articles are present while fortheseartt query *“ Bl ockchain
eight articles are presentThe limited amount of scientific literature available has as a result that lot

of information had to be gathered via professional literature and interviews. Howevethe expected
potential of BT in combination with the lack of scientific knowledge about applications of Béndorsed
the opportunities for research am applications of blockchaings n PMMC’ s and, i n a
Agri-Food as a whole.

RESPONDENT SAMPLE SIZE
A low number ofrespondentsmay cause problems on transferability Thus, a googburposive
sampling of intervieweesis necessary for having a transferable researclidowever, since this is an
exploratory research, finding out how concepts work is more important than statistal correct proof
of how those concepts arénterrelated. Because of problems with acquiring competitiorsensitive
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information, results might be incomplete. It was tried to reduce this risky guaranteeing anonymity
of sources.

The amount of respndentswas relatively limited, which poses limitationson the generalizability of
the research. A reason for the limited amount of respondents is that some people who were
approached were not willing to participate in the research. Furthermorethe number of potential
relevant interviewees was limitedb e c a u s e D u that bollaBokhM ®ith sin increased level of
information sharing are low in number.

However, some of the respondents fulfilled other roles in the production chain in the past. For
instance, one othe respondents formerly was involved in trading, another respondent worked at a
meat processing company and a third in the financial world. They thus were able to imagine what the
view of partners with that role in the production chain would be.

6.5. SUGGESDONS FOR FURTHER RESEARCH

This researchfocusedat applications of blockchain technology in pig meat market concepts (PMMG ) .
Since it was shown that BT is applicable in this livestock sector, future research might focus on
application of BT in other livestock sectors, like in dairy farming, layer farming, broiler farming or
organic farming of e.g. goats and sheep. A requirement for applying BT in supply chains is close
collaboration between chain partners, sduture researchshould selecta situation of dose

collaboration between chain partners in those other livestock sectors.

Furthermore, there might be options for applying BT in otheparts of agriculture, like in manure
accounting. Currently, there is a manure oversupply in the Netherlands and legitibn is complex
(Lauwere et al., 2016; van Grinsven et al., 2014} his results in opacity in manure transports and
possibilities for mistakes and frawd. Therefore, applying blockchain technology in a central chain
information system for manure accounting might be a possibility. However, then it isecessaryto be
able to quantify all relevant factors in reliable variables.

Another possible useof BT inagriculture can be in arable farming. Besides products for human
consumption, a lot of animal feed products are produceéreedingcontaminated products to animals
can result in food scandalgKonig & Voormolen, 2014) Therefore, it is necessary that there is a good
assurance of feed ingredients through the supply chaiuchsystems nowadaysalready exist, like
GMP andTrustfeed (Trienekens & Zuurbier, 2008; Wognum & van Erp, 2013However, theymight
be improved by the application of BT in the feed supply chain. Feed companies might play a role in
this application.

6.6. CONCEPTUAL FRAMEWORK

The results of the iterature review and the interviews could be used to improve the preliminary
conceptual framework.In figure 6.1, the revised conceptual framework is giverf direct effectis
drawn with a continuous line, an indirecteffect with a dashed line BT ishaving an indirect effect on
guality management, becausentrinsic and extrinsic quality traits can be assured bettein an
information system with BT applied However, the quality of the products itself does not further
increase by applying BT.
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By increasingtransparency (by e.g. applying BT) within a supply chain, information asymmetry

decreases or even disappears. Besides, an increased level of transparency decreases the possibilities

for fraud, and being transparent have a positive effect on credibilitgf the PMMC towards consumers.

PMMC credibility was added between fraud in supply chains arsliccesof PMMC’ s t o make
possible to show the influence of supply chain transparency on this relationship in the model.

- Fraud in supply PMMC
chains credibility

Conflicting

interests
Succes of

PMMC's

Transaction
costs

Blockchain

T Transparency

Customer
e e T ta perception of
quality

Figure6.1: Revised conceptual framework. Source: own elaboration.
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APPENDIX I: USED INTERVIEW QUESTIONS

The interviews were conducted in Dutch, using Dutch interview protocols. Since malation might
lead to small differences in meaning afjuestions, it is chosen to show the interview protocols here
alsoin Dutch. The codes behind the questions are the codes from the prelimingigr top down) code
book that correspond to that questionsThis code book was made after the literature review ath used
to set up the interview questions and code and analyse the results using a tdpwn approach The
meaning of all those codes can be found in Appendix ll.a

l.a; INTERVIEW QUESTIONEROCKCHAIN ERERTS (E1) AND (E2)

10.

11.

12.

13.
14.

15.

16.

17.

Blockchain in de varkenshouderij

Hoe denkt u dat de blockchain toegepast kan worden in ketenconcepten in de varkenshouderij en de
varkenshouderij in het algemeen?APP-PMC)(APP-PSG)
Wat is volgens u het effect van de implementatie vasiockchains in varkenshouderijketens op de
verdeling van de winstmarge binnen de ketenPEFFPRO

Hoe kunnen systemen met blockchain geimplementeerd worden in varkenshouderijketens als grote
ketenpartijen tegenwerken omdat zij hun machtspositie hierdoor kmnen verliezen?(PBP-PBQ
Wel ke steun zou er vanuit de politiek en NGO's
toepassingen van blockchain technologie in de varkenshouderif8URPOL) (SURNGO)
Welke toegevoegde waarde zou toepassing van blockchaethnologie aan consumenten kunnen
bieden?(SUGAVQ

Hoe denkt u dat de vierkantsverwaarding van het conceptvlees verder vergroot kan worden d.m.v. het
gebruik van blockchainsCHAVAL)

Data-eigendom

Hoe denkt u dat het eigendom over de in de blockchaopgeslagen data geregeld moet worden®OW-
OWN)
Wie zou het beheer over het ketensysteem moeten hebbe(@OW-MAN)
Wat zouden volgens u de gevolgen van het implementeren van blockchaintechnologie op de
machtsverhoudingen binnen de keten kunnen ziinPDOW-POW)

Hoe kan gewaarborgd worden dat grote ketenpartijen ingevoerde data van kleine ketenpartijen niet
misbruiken (door bijvoorbeeld hun macht)?(DOW-ABU)

Techniek

Hoe denkt u dat DNAen RFID technieken de blockchain kunnen ondersteunen(TEGDNA) (TECRFI)
(PBP-IND) (APP-TRA)

Welke partijen zouden de benodigde rekencapaciteit moeten leveren? En hoe groot zou deze
rekencapaciteit moeten zijnA TEGPCP)(TEGSCP)

Hoe kunnen gemaakte fouten bij het invoeren van gegevens hersteld wordefT/EGERR)
Wie moet hetopzetten en onderhouden van het blockchaiondersteund keteninformatiesysteem
betalen?(TEGPAY)(PBP-PRI)

Informatie in de keten
Welke informatie is geschikt om in een blockchaiondersteund keteninformatiesysteem tussen
ketenpartners gedeeld te wordenen welke informatie is hiervoor ongeschikt{ TEGSUI) (TEGUNS)
Hoe kunnen blockchaintoepassingen aansluiten op reeds bestaande managementsystemen in de
varkenshouderij (bijvoorbeeld Pigmanager of Farmingnet) TEGEXI)
Zou iedere ketenpartij informatie tussen alle verschillende schakels in moeten kunnen zieR@OW-IAP)
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[.b: INTERVIEW QUESTIONGENETIC COMPAN®1)
Introductie en informatie in de keten
1. Hoe draagt u met uw bedrijf bij aan ketenconcepten en wat is hierbij voor uw bedrijf het verdienmodel?
(CTR-CCP)CTRREV)(CHACAV)
2. Welke informatie wordt met ketenpartners gedeeld, en hoe wordt deze informatie gedeeld™NFWIN)
(INF-HOW)
3. Hoe kan uw bedrijf bijdragen aan de waarborging van het vertrouwen van consumenten in
ketenconcepten{ CHAASU)
4. Hoe kanuw bedrijf bijdragen om de vierkantsverwaarding van conceptvlees verder te vergrotenCHA
VAL)
5. Maakt u gebruik van een gecentraliseerd computersysteem waarin ketenpartners gezamenlijk
informatie delen?(CISCUR)
a. Zoja, hoe ziet dit systeem eruitpCISOUT)
i. Wordt informatie van partijen aan het begin van de keten door gekoppeld naar
partijen aan het eind van de ketenen behoeve varplanningsdoeleinden?(CISPLA)
ii. Welke informatie wilt u graag als terugkoppeling van uw afnemers ontvangern(™F-
CUs)
ii. Krijgt u terugkoppeling van informatie van andere ketenpartijen uit de periferie{CIS
FPH)
b. Zo nee, hoe zou een dergelijk systeem er volgens u uit moeten komen te zig@BOUT)
i. Wel ke probl emen verwacht u mocht{CIS&JPC)zo’' n sy
6. Welke toegevoegde waarde zou implementatie van een centraal ketenconceptsysteem volgens u aan
consumenten kunnen bieden?SUCAVC)(CHACAV)

Data-eigendom

7. Hoe kan volgens u gewaarborgd worden dat grote ketenpartijen ingevoerde data van kleine
ketenpartijen niet misbruiken (door bijvoorbeeld hun macht)?(DOW-ABU)

8. Zou iedere ketenpartij informatie tussen alle verschillende schakels in moeten kunnen zie(DOW-IAP)

Techniek

9. Hoe denkt u dat DNAen RFIDtechnieken centrale keteninformatiesystemen kunnen ondersteunen?
(TEGDNA) (TEGRFI) (PBP-IND) (APP-TRA)

10. Wie moet het opzetten en onderhouden een centraal keteninformatiesysteem betaleEGPAY) (PBP-
PRI)

11. Wie zou het beheer over het ketensysteem moeten hebben en wie zou de benodigeleencapaciteit
moeten leverenA DOW-MAN) (TEGPCP)

12. Hoe denkt u dat het eigendom over de data in een centraal keteninformatiesysteem geregeld moet
worden? (DOW-OWN)

13. Hoe kunnen centrale keteninformatiesystemen aansluiten op reeds bestaande managementsystemen in
de varkenshouderij (bijvoorbeeld Pigmanager of Farmingnet)?PTEGEXI)

Nieuwe informatietechnologie: Blockchain
14. Bent u bekend met de blockchaintechnologie?
15. Denkt u dat de blockchain toegepast kan worden in ketenconcepten in de varkenshouderij en de
varkenshouderij in het algemeen7APP-PMC) (APR-PSG)
16. Wat zou de rol van uw bedrijf bij het implementeren van blockchaintechnologie in de
varkenshouderijketen kunnen zijn?(APP-ROL)
17.Zou er volgens u vanuit de overheid, retail en NGO’
bij de ontwikkeling van toepassingen van blockchaintechnologie in de varkenshouderifS8URPOL)
(SURRTL) (SURNGO)
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l.c: INTERVIEW QUESTIONIFHAIN DIRECTORC1)
Succesfactoren
1. Wanneervindt u het concept succesvolPCSFSUC)
2. Wat vindt u zelf belangrijke factorendie het succes van het concept verklarefZSFISF)
3. Waar liggen de uitdagingen voor het concepf{TCHAGEN)

Businessmodel

4. Wie is verantwoordelijk voor de acquisitie van nieuwe ketenpartnersPCSFACQ)

5. Hoe worden nieuwe ketenpartners van specifieke kennisoorzien die nodig is om in het concept te
kunnen produceren?(INF-NEC)(CHACHA)

6. Wie heeft de macht binnen de keten? En waaruit blijkt die mach{€HAPWR)

7. Wel ke r ol heeft steun vanuit de overheid en NGO’'s
(bijvoorbeeld subsidies, beschikbaar stellen van faciliteitenPSURPOL) (SURNGO)

8. Hoe zijn retailers (supermarkten, maar ook slagerijen) en consumenten bij het concept betrokken?
(CSFRET) (CSFCON)

9. Wat zijn manieren waarop u het concept blijft vernieuven? (Bijvoorbeeld door middel van onderzoek,
aanscherping eigen eisen, nieve verkoopkanalen, enzovoorts CSFINN) (CHACAYV)

10. Hoe is de vierkantsverwaarding van het conceptvlees en kunt u deze verder te verbeterdl@HAVAL)

Informatie in de keten
11. Welke informatie wordt met de ketenpartners gedeeld, en hoe wordt deze informatie gedeeldNF-
WIN) (INF-HOW)
12. Welke informatie wilt u graag specifiek van uw directe leveranciers ontvangen™F-SUP)
13. Welke informatie wilt u graag als terugkoppeling van uw afnemer ontvangen? INF-CUS)
14. Hoe wordt het vertrouwen van consumenten in het concept gewaarborgdCHAASU)
15. Maakt u gebruik van een centraal computersysteem waarin ketenpartners gezamenlijk informatie
delen?(CISCUR)
a. Zoja, hoe ziet dit systeem eruitpCISOUT)
i. Wie heeft het beheer over deze informatie en het systeeniROW-DAT) (DOW-MAN)
ii. Kan iedere ketenpartij informatie tussen verschillende schakels inzieDOW-IAP)
iii. Wordt informatie van partijen aan het begin van de keten door gekoppeld naar
partijen aan het énd van de ketenten behoeve varplanningsdoeleinden?(CISPLA)
iv. Vindt er terugkoppeling plaats van onderin de keten naar bovenin de ketef€ISFEE)
b. Zo nee, waarom niet?CISNOT)
i. Wel ke probl emen verwacht u mocht{CIS8&JPC)zo’' n sy
ii. Hoe zou een dergelijk systeem er volgens u uit moeten komen te zil€@SOUT)

Nieuwe informatietechnologie: Blockchain
16. Bent u beked met de blockchaintechnologie?
17. Denkt u dat de blockchain toegepast kan worden in de varkenshouderij en zo ja, h¢&PP-PSG)
18. Denkt u dat de blockchain toegepast kan worden in het concept waar u deel van uitmaakfPP-PMC)
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l.d:

© ©® N

10.

11.

12.
13.

14.

15.
16.

17.

18.

INTERVIEW QUESTIONFEED COMPAN({F1)

Introductie

Hoe draagt u met uw bedrijf bij aan ketenconcepten en wat is hierbij voor uw bedrijf het verdienmedf?
(CTRCCP)CTRREV)(CHACAYV)

Wanneervindt u een concept succesvollCSFSUC)

Waar liggen de uitdagingen voor varkensvleesconcepteff€HAGEN)

Hoe kan uw bedrijf bijdragen om de vierkantsverwaarding van conceptvlees verder te verbeteren?
(CHAVAL)

Hoekunt u bijdragen aan de waarborging van het vertrouwen van consumenten in concepte(@HA
ASU)

Informatie in de keten
Welke informatie wordt met de ketenpartners gedeeld, en hoe wordt dit gedeeldPNF-WIN)
Welke informatie wilt u graag specifiek van uwdirecte leveranciers ontvangen®INF-SUP)
Welke informatie wilt u graag als terugkoppeling van uw afnemers ontvangen(™FCUS)
Maakt u gebruik van een centraal computersysteem waarin ketenpartners gezamenlijk informatie
delen?(CISCUR)
a. Zoja, hoe ziet disysteem eruit?(CISOUT)
i. Wie heeft het beheer over deze informatie en het systeeniROW-DAT) (DOW-MAN)
ii. Kan iedere ketenpartij informatie tussen verschillende schakels inzienDOW-IAP)
iii. Wordt informatie van partijen aan het begin van de keten door gekoppe naar
partijen aan het eind van de keterten behoeve varplanningsdoeleinden?(CISPLA)
iv. Vindt er terugkoppeling plaats van onderin de keten naar bovenin de ketef€ISFEE)
b. Zo nee, waarom niet?CISNOT)

i. Wel ke probl emen ver wac hhgevoerdwordenZCIS&UJPC)z 0’ n

ii. Hoe zou een dergelijk systeem er volgens u uit moeten komen te zigi@dSOUT)
Hoe denkt u dat DNAen RFIDtechnieken centrale keteninformatiesystemen kunnen ondersteunen?
(TEGDNA) (TEGRFI) (PBP-IND) (APP-TRA)
Wie moet het opztten en onderhouden een centraal keteninformatiesysteem betale{TEGPAY)
(PBP-PRI)
Wie zou het beheer over het ketensysteem moeten hebbe(@OW-MAN)
Hoe denkt u dat het eigendom over de data in een centraal keteninformatiesysteem geregeld moet
worden? (DOW-OWN)
Zou iedere ketenpartij informatie tussen alle verschillende schakels in moeten kunnen zie(@OW-
IAP)

Nieuwe informatietechnologie: Blockchain

Bent u bekend met de blockchain technologie?

Denkt u dat de blockchain toegepast kan worden in ketenceepten in de varkenshouderij en de
varkenshouderij in het algemeen7APP-PMC)(APRPSG)

Wat zou de rol van uw bedrijf bij het implementeren van blockchaintechnologie in de
varkenshouderijketen kunnen zijn?(APP-ROL)

Zou er volgens u vanuit de overheid, reti | en NGO’ s steun (financieel,

worden bij de ontwikkeling van toepassingen van blockchaintechnologie in de varkenshouderif3UR
POL) (SURRTL) (SURNGO)

71

Sy



APPENDIX II: USED CODE BOOKS

[l.a: TORDOWN CODE BOOK

The top-down codebook was formulated after the literature research and was used to set up the lists
with interview questions, and during the analysis of the interviewsin the question lists (appendix I),
behind the questions the codes of theategories and sub categoriethe questioncorrespondsto can

be found.
Category Sub category Code Freq
Contribution of company to PMMC's In general CTR-CCP 9
Revenue Model CTR-REV 4
Important information to share in Info specific from customers INF-CUS 2
PMMC's
How to share this information INF-HOW 2
Necessary knowledge for producing in PMMC INF-NEC 3
Info specific from suppliers INF-SUP 2
Which info INF-WIN 6
Central Information System Currently using a central computer system CIS-CUR 3
Reason why not CIS-NOT 2
Outline central information system CIS-OUT 6
Planning: information link through supply chain CIS-PLA 2
Upcoming problems creation central information systems CIS-UPC 2
Success Factors for success of Party responsible for acquisition CSF-ACQ 2
PMMC's
Connection with consumers CSF-CON 7
Continuous Innovation CSF-INN 2
Having a distinctive character CSF-ISF 6
Connection with retail CSF-RET 4
(supermarkets/slaughters/restaurants)
General: when successful? CSF-SUC 5
Challenges PMMC's Assurance of Consumer Trust CHA-ASU 3
Creating additional value CHA-CAV 5
Chain collaboration CHA-CHA 3
General: what are challenges? CHA-GEN 2
Power distribution in chain CHA-PWR 5
Square valorisation CHA-VAL 14
Effects of applications of BT Distribution of Profit Margin EFF-PRO 1
Applications blockchain General in PMMC's APP-PMC 8
General Pig Sector APP-PSG 7
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Role company APP-ROL 3
Tracking through the supply chain APP-TRA 4
Problems with BT in PMMC Individual tracing PBP-IND 6
Non-collaborating companies PBP-PBC 7
No higher selling price PBP-PRI 4
Success factors strengthen by BT in Added value for consumers SUC-AVC 3
PMMC's
Support support NGO SUP-NGO 7
support politics SUP-POL 12
support retail SUP-RTL 5
Data Ownership Data Abuse DOW-ABU 3
Data Management of current system DOW-DAT 1
Visibility of data for all chain partners DOW-IAP 7
System Management DOW-MAN |7
Ownership DOW-OWN |7
Changing of Power Relations DOW-POW |3
Technical issues DNA technique application TEC-DNA 9
Error Protocol TEC-ERR 4
Connection to existing systems TEC-EXI 6
Pay creation and maintenance of system TEC-PAY 6
Provider calculation power/server capacity TEC-PCP 4
RFID technique application TEC-RFI 8
Size calculation power TEC-SCP 3
Data suitable for sharing TEC-SUI 15
Data unsuitable for sharing TEC-UNS 5

AaeA AT 1 OI1

O&OANG

i &OANOAT Auq OOAOAO EI x

I EFOAT

Because respondents probably mention factors which they think are important more oftenyalues in
this column are correlated to the importance of the factor according to respondents.
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[I.b: BOTTOMUP CODE BOOK

The bottom-up code book wascreatedwhile analysing the interview transcripts. When an, according
to the researcher, interestirg and relevant quote was found in a transcript which could not be coded
with a code from the topdown code book, a new piece of code was formulated and added to the
following table.

Category Sub category Code Freq

Success Factors for success of PMMC's | Being able to set additional production rules CSF-APR 1
Balanced farming (People, Planet, Profit) CSF-BAL 2
Continuous Product Quality CSF-CPQ 3
Having a critical production size CSF-CRI 2
Think from the demand side instead of the supply side CSF-DSF 4
Being efficient in the process of pig farming CSF-EPF 3
Having an efficient supply chain CSF-ESC 5
Health & Welfare of pigs CSF-HWF 2
Farms have to be relatively small because of image CSF-NTB 1
Keep overview over supply chain distribution CSF-ODB 3
Assurance of own production processes CSF-SUR 2
Meat Taste CSF-TAS 1
Trust in supply chain partners CSF-TSC 1

Challenges PMMC's Active controlling of production CHA-ACP 3
Butchers don't want to certify for a BLK star CHA-BCH 1
Selling boar meat CHA-BOA 2
Consumers are often not interested in technical background of | CHA-CNI 4
products
Added value of PMMC is corrosive CHA-COR 1
Cut in supply chain at slaughterhouse is difficult to deal with CHA-CSC 4
Complete secure via DNA technique is expensive CHA-CSE 2
Difference between consumer and citizen CHA-DCC 1
Banks don't want to finance pigs CHA-FIN 1
Farmer is the weakest party in the chain CHA-FwWC 1
Meat sector is not used to selling brand meat CHA-MBM 2
Knowledge about selling meat to consumers CHA-MTC 4
Further supply chain does not know much anymore about CHA-MTF 1
farming
Some Chain partners may get another business model CHA-NBM 1
New responsibilities and knowledge when producing in PMMC's | CHA-NEW 2
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Pig sector is changing CHA-PSC 1
Loss of slaughter ear tag CHA-SLA 4
Creating a PMMC costs a lot of time CHA-TIM 1
Effects of applications of BT Chain partners want to collaborate to get known to BT EFF-CHP 4
A new standard software program could come up EFF-NSP 1
Applications blockchain Recording data by batch of pigs APP-BAT 2
Decrease unnecessary production costs APP-DUP 3
Applications of BT In feed production chains APP-FPC 2
Providing guarantees and transparency to customers APP-GUA 9
Improving production process with help of new management APP-IPP 4
information
Applications of BT in manure APP-MNR 2
Creating a "meat passport" APP-MPP 2
Finding causes for meat quality issues APP-MQI 1
New finance models for pig supply chain APP-NFM 8
Creating a good overview over a production chain APP-OVE 4
Smart Contracts APP-SMA 1
Problems with BT in PMMC Good discipline in filling in data needed PBP-GDD 1
Steps in building a system cannot be to big PBP-SMS 4
Understanding possible impact of BT and setting up a PBP-UBT 12
blockchain costs a lot of time
Success factors strengthen by BT in Customers choose for PMMC because BT is applied SUC-BTP 1
PMMC's
Data Ownership Privacy issues DOW-PRV 5
Technics Setting up a Joint data Hub TEC-JDH 2
Open or closed blockchain system TEC-OPE 3
4EA AT 1 O0IT O&O0OANG | &OANOGAT AUq OOAOAO EIT x 1 EOAI

Because respondents probably mention factors which they think are important more oftenyalues in
this column are correlated to the importance of the factor according to respondents.
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APPENDIX Ill: FROM CONCEPTUAL MODEL TO INTERVIEW QUESTIONS

Fraud in supply
chains

Assurance of product origin:
Challenges in PMMC's (CHA)

Transaction
costs

Data ownership (DOW)
Revenue models of companies:
Contribution of companies to PMMC's (CTR)

Conflicting

interests
Success of

PMMC’s

and

Information
asymmetry Cevel of transaction costs: )
Challenges in PMMC's (CHA)

Factors influencing succes:
Success factors of PMMC's (CSF)
Support of third parties (SUP)
Solving challenges in PMMC’s (CHA)

Level of information sharing:
Usage of a central information system (CIS)

::nt‘:git:‘rt;:rt"?;e:s;lﬁ'—_il;fonnation to share between C us tomer
perception of

quality

Perceived level of quality:
Success factors of PMMC’s (CSF)
Challenges in PMMC’s (CHA)

In the figure, the preliminary conceptual framework from figure 3.1 with variables included &n be
found. The variables served as a basis for the literature reviewhey show the direction in which
relevant literature was searched for The codes from the variables (between brackets) correspond to
categories from the topdown code book, which can & found in appendix lla. During the literature
review, the categories were further subdivided into sub-categories.Those subcategories were the
actual codes that were used to set up the interview protocol#t turn ed out to be difficult to find
literature about transaction costsPMMCs. Therefore, it was not possible to include codes about th
topic in the top-down code book.Since blockchain technology (BT) was not prese in the preliminary
conceptual framework, but information was found in literature, some additional categories were
added in the topdown code book whichcannotbe found in the figure above ¢ategoriesAPP, PBP,
EFF, SU@nd TEC).Some concepts were moved from aategoty present in the figure aboveto one of
those new categories, because thefjt there better according to the researcherFor example,tracking
of products (APRTRA)is set under thenew category APPThis codeis derivated from assurance of
product origin, which is in the figurehowever set as a challenge in a PMMCHA).
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