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Samenvatting

Contaminatiecrisissen in recente jaren hebben siuslsie met betrekking tot de aansprakelijkheiddn
voedselketen doen oplaaien. Verwerkende bedrijisenevan leveranciers dat ze adequaat verzekerd zij
Het is echter onduidelijk wat de schades in de sek@ten bij een contaminatiecrisis daadwerkelijk. z
Doel van dit onderzoek is om voor zuivelbedrijvearkensslachterijen en pluimveeslachterijen dectire

en indirecte schades in kaart te brengen.

Directe schades voor verwerkende bedrijven zijrdilnonderzoek de waarde van de gecontamineerde
producten en destructiekosten. Indirecte schadasszhades door niet gecontamineerde producten die
retour komen, schades door grenssluitingen of &lakingen en schades doordat teruggevochten moet

worden in (exportymarkten.

Een rekenmodel is gemaakt om de schades voor dehidgnde scenario’s in kaart te brengen. Paramsete
van scenario’s verschillen in het aantal gecontesiide primaire bedrijven en de duur van de
contaminatiecrisis. Het meest waarschijnlijk scenémost likely) heeft 220 gecontamineerde bedrijve
per sector waarbij gecontamineerde producten vodagen worden verwerkt. Best case- en worst case
scenario’s zijn berekend met respectievelijk 1278@ gecontamineerde bedrijven en 1 dag en 30 dagen

durende crises (Tabel 0.1).

Literatuuronderzoek toont aan dat schades bij conigtiecrisissen in het verleden lagen tussen 032n
miljoen euro. Veel schades zijn echter niet bekaindiet gekwantificeerd. Ook kunnen veel schades ni

worden toegewezen aan ketenschakels, sectorep@esdiade.

Het most likely scenario van dit onderzoek resulteeeen directe schade van 20 miljoen euro (éoeth

en 29 miljoen euro (widespread) per crisis. Dezectit schades zijn berekend met inschattingen van
verwerkende bedrijven over het aantal betrokkenvegdingslocaties per scenario en publieke gegevens
over productiewaardes van verwerkingslocaties. dditresultaten blijkt dat het aantal gecontamineerde
primaire bedrijven de grootste invloed op het ddmgtrokken verwerkende locaties heeft. De duurdan
contaminatiecrises heeft echter de grootste invlopdde totale schade per crisis. Schades van de
voedselketen inclusief voerleveranciers, prima@e-verwerkende schakel zijn berekend tussen 2%en 3

miljoen euro in het most likely scenario (Tabel)0.1



Met bedrijfsspecifieke gegevens zijn directe iniiecte schade berekend van de bij dit onderzoek
betrokken bedrijven. Directe schades in het best saenario zijn 3%(best case) en 259% (worst vase)
het most likely scenario. Indirecte bedrijfspedieschades zijn 34% (most likely) en 105 (worsetasn

de bedrijfsspecifieke directe schades (Tabel 0.1)

Tabel 0.1: Overzicht berekende scenario’s en ratsult

Most likely Best case Worst case
Scenario description
Number of contaminated farms 659 37 2210
e Dairy farms 199 11 688
 Hog farms 150 8 503
» Broiler farms 72 4 241
Duratiorf* 7 1 30
Processing sites affectéd
» Contained 4 1 4
*  Widespread 6 2 11
Direct supply chain losses (million euro)
Feed and farm level 5 0.2 18
Processing companies:
» Contained 20 1 84
*  Widespread 29 1 230
Total per crisis 25-34 1 102-248
Direct and indirect losses of processing
companies (indexj
Direct losses 100% 3% 259%
Indirect loss€'s 34% - 105%

A: Number of days contaminated feed is producedramdber of days contaminated products are processed
B: Processing sites affected include dairy proogsig slaughterhouses and broiler slaughterhounse}

C: At feed level: salvage costs — At farm levelsttigction of livestock, business interruption amodvgh disruption
D: Indexes are based on company-specific data fwasligaverage, n=3)

E: Expressed in % of direct losses



1 — Introduction

1.1 Background

Recent animal feed contamination crises in the &&thds caused substantial losses in livestocklgupp
chains. Therefore food safety assurance and relassgs in case of a contamination of animal feed a
increasingly important issues. In the Netherlam#sd is an increasing concern about feed and fafadys
after feed contaminations in 1999 (dioxin), 2002P@), 2003 (dioxin), 2004 (dioxin and bone fragménts
and 2006 (dioxin). These crises caused substdotaks in the supply chain and raised the issue of
increasing the liability insurance cover for anirfedd producers. Higher covers in principle enédmers

and processing industries to get a larger shatteedrflosses compensated.

Most feed producers have been unified in recentsyaa either TrusQ (2003), set up by 6 larger feed
producers, or SafeFeed (2005), founded by appraglyn&8 feed producers. TrusQ and SafeFeed are both
founded to improve feed safety through a feed gafebgramme. All feed producers of TrusQ and
SafeFeed are insured individually against liahility addition, TrusQ members collectively concluged
surplus insurance to insure against liability ie #vent of e.g. a contamination crisis (Boerd@GQ7-a,
TrusQ, 2007). This surplus insurance is effectinees January 1, 2006. (TrusQ, 2005). Safe Feedcexpe

to conclude a surplus insurance for its membetisarfirst half of 2008 (Boerderij, 2008).

Processing industries require feed producers ahdr ctupply chain partners to be adequately insured.
However, uncertainty exists about which chain gagrcan be hold liable and the extent of the ligbil
insurance cover. If supply chain partners are weigaately insured, they will not be allowed to deii
their products to processing companies in the éutlihe extent to which chain partners need to beared
seems to be mostly related to losses at the priogeisslustry level. But yet, reality for many stakdéders

in the supply chain is that the size and the coitipos of these losses are not transparent.

In this framework, there is a strong need for quatnie insight into the amount of supply chaindes
caused by animal feed contaminations, which igribivation for this MSc research. This study focusa
the extent of the liability insurance cover relatedhe losses of processing industries. Previstiations
of supply chain losses due to animal feed contatiins indicate that contaminated compound feedslead
to aggregated losses at farm level of on avera@enillion euro per crisis. This amount ranges fro/g

million euro to 18 million euro in 5% and 95% partkes respectively (Van Asseldonk et al., 2006).

Contaminations in animal feed occur irregularltime and place. Therefore it is difficult to derigeneral

properties and predictive values about the protbplof occurrence. The sophisticated quality asscea



and tracking and tracing systems, which span theeeproduction chain, reduce the risk of a feed
contamination substantially. However, the risk ohtamination of compound and wet feed has not been
reduced to zero (Van Asseldonk et al., 2006). M8 thesis research does not focus on the protyabfli
occurrence, but on the size of the losses that tndgbur in case of a contamination. In this chapter

insurability of these losses is also discussed.

Meuwissen and Huirne (2006) stated that therel@ af uncertainty about the (im)possibility to dince
losses by means of liability within the supply ehdrurthermore there is no level playing field widgard
to restricted liability. Developments with regacdliiability seem to increase the chances on batimd and
an increased size of these claims. Recent develipmare an increased claim culture, increasing
accountable losses and increased traceability ragstiie to improved tracking and tracing programmes

(Meuwissen and Huirne, 2006).

1.2 Objectives and research framework
Although the chain liability issue from feed coniaations relates to the whole supply chain, theeegch
focuses on the losses of processing companies bolses on the processing industry level will be
calculated for dairy, pig and poultry processingipanies. More specifically, the objectives are:
(1) To estimatadirect losses for dairy, pig and poultry processing camgmgmdue to a contamination in
animal feed;
(2) To estimatandirect losses for dairy, pig and poultry processing comgemdue to a contamination

in animal feed.

Losses will be quantified for different scenaridsarameters of each scenario include the number of

contaminated farms and the duration of an aninad f®ntamination crisis.

This research focuses on the processing or pogesiapart of the supply chain. Objective is to difian

losses of processing companies due to animal feeuminations in the Netherlands.

As a final step outcomes are integrated with resefitother studies to estimate losses for the gugmhin

from feed level up until the processing level.

Related research questions with regard to the sosraxe:
 How are the internal logistics of processing conmsrorganised? What are the different
product streams and how are contaminated prodprtad within the processing companies?

* What is the value of the contaminated productstaeatontaminated mixed products?



 How do scenarios affect market shares of processimgpanies on the various markets in

which they operate?

Research framework
This research focuses on scenarios in which a gongédion has occurred. It does not say anythingiabo

the probability of occurrence of a contaminatioraimmal feed.

Participating companies in this research are daiogessing companies, pig slaughtering companids an
poultry slaughtering companies. Involved compamieger at least 25% and up until 80% of the market

share in its industry in the Netherlands.

Calculated losses reflect losses for the total mtarkdairy, pigs and poultry) in the Netherlands.
Assumption is that all contaminated products wélfrocessed by involved companies. No correction fo

market shares is made, all contaminated farmseteiivinvolved companies.

1.3 Ouitline thesis

In chapter 2 the food supply chain is introducedraBraph 2.1 covers the complex networks in which
numerous intermediate products move from one psmgssite to another in order to become a final
product. Paragraph 2.2 introduces involved indest dairy, hog and broiler processing industriés).
chapter 3 definitions of direct and indirect losaes discussed and distinguished for this rese&ichpter

4 covers a literature review on recent contamimatiases, including a technical overview (paragrépt)
and an overview of the different supply chain Iss@earagraph 4.2). Chapter 5 discusses the maserial
methods used in this research. Construction ofesten(5.1), data gathering (5.2), the spreadsieetel
(5.3) and assumptions (5.4) are reviewed. In clhdpthe results of the spreadsheet model for dicsstes
(6.1) and indirect losses (6.2) are presentedatagraph 6.3 an aggregation to chain losses is toagiet
insight in the total losses of the supply chaimfrized level to processing level in case of a aguirtation

crisis. In chapter 7, conclusions, discussion a&sodmmendations for further research are presented.






2 — Food supply chain

An overview of the food supply chain is presentethis chapter to give insight in the specific fagpply
chain this research investigates. Focus of thisaref is put on the dairy, hog and broiler processi

industry in the Netherlands.

2.1 Introduction to the food supply chain

The food supply chain is the supply chain in whilbh food industry operates. The food industry & th
complex and global collective of diverse businessgs other stakeholders that together supply tbd fo
that is consumed by the world population. To pugititple, the food supply chain is the supply chain
which food flows from field to fork. This howevegxcludes suppliers who deliver to farmers. Thersfor

the food supply chain is usually used in a broay twacover all stakeholders in the production afdo

A simplified version of a food supply chain thisearch focuses on is viewed in Figure 2.1. A playsic
product stream (left arrow) goes from supplierptigh all supply chain members, to the final congue
money stream (right arrow) flows the other way abérom consumer to supplier. In the case of thigyda
pig and poultry supply chain, suppliers deliver nmaterials to animal feed companies who deliveir the
feed to farmers. Farmers feed their cows, hogsroilebs with this feed. Milk, hogs or broilers are
delivered from the farmer to the processor, which selling their products to a retailer. The retail

delivers the products to the final member of thepbychain: the consumer.

Consumer

A
Retailer

A
Processor

Physical "
product
stream

Payments

Farmer

(claims)

y

Animal
feed
company

: L
Supplier \

Figure 2.1: Simplified food supply chain.



While the physical product stream goes up in Fidgute payments go down. Payments are made bechuse o
the delivery of the physical product. Every nexamhel in the supply chain assumes delivered predaret
safe. In case there is something wrong with a mdiaused by for example a contamination in animal
feed, members in the supply chain might claim thesses (inner arrow Figure 2.1) at the previoyspbku
chain member, the supplier of the contaminated ymbdWith respect to this and the framework of this
research, it is of crucial importance to deterntine type and size of losses that occur if contatatha
products are delivered from farmer to processothikresearch a focus is put on the processingsingin

the supply chain. Losses on retail and consumet ke not covered.

Figure 2.1 might imply differently, but food suppbhains are complex networks in which numerous
intermediate products move from one processingtsitenother in order to become a final product. The
numerous interrelationships between processing §ited companies) are illustrated for part of theaim
and milk supply chains in Figure 2.2. The multipieerrelationships imply that, potentially, contasaied
products can easily be mixed with non-contaminapedducts. Non-contaminated products become
contaminated too in this way. In addition, duette many interrelationships that exist within foagsly
chains, other parties such as supermarkets angjiocestomers might be confused about which specifi
batches and products are contaminated and whicmaireAs a consequence they could induce large

product recalls.

Dairy cow
Slaughterhouse Dairy processor _l
A
Actose Dairy desserts
Blood Meat
Blood processor [¢ »  Meat processors

|

Meat products
Meat products Gelatin

N Meat processors

A A

Hog

A

Slaughterhouse

Collagen

Skin and bon
processor

Figure 2.2: Illustration of interrelationships iaidy and meat supply chains (Meuwissen et al., 008
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Figure 2.2 illustrates that contaminated, mixedtanmnnated and perceived to be contaminated arelglos
related. However, liability insurance schemes onfympensatedirect losses, i.e. costs related to
contaminated products. It is therefore crucial to strictly defiwhat we mean by contaminated and to define

and distinguish direct and indirect losses in tesgearch. Chapter 3 will cover this.

The pork supply chain can illustrate the compleritydairy and meat supply chains. First of all, goek
supply chain in the Netherlands is self-sufficieint.2003 the Netherlands was self-sufficient foi7 @2
(Hoste et al., 2004). This indicates that at 1d45t% of the Dutch pork production is exported if park

products are imported. This means that at least &84 average hog is exported.

There are also big differences in the use of h&gscentage of meat used and suitability for human
consumption varies between 48% and 68% per hogeTdre hogs of 70 kg, but also of 110 kg, and there
are all sorts of combinations to classify hogs.(egight, percentage of fat and type). For proasstus
implicates a gamut of sales markets. There areiaiportant differences in the values of differentlp
products on the world market. What is of low vatuethe Dutch market can be of high value in e.gitiso

Korea and vice versa (Hoste et al., 2004).

O Live

W Bacon

O Hams

O Pork de-boned
B Carcasses

@ Shoulders
17% Hl Other Meat

Figure 2.3: The consumer euro — added value ipdnie supply chain (data and calculations of Host.e
2004)
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Sales value of pork products is not one-on-oneelinto production costs in the supply chain. However
Figure 2.3 gives an indication of the costs madthépork supply chain. Total costs are composeitief
price the consumer pays in the supermarket in tthedlands. It shows the division of costs in thekp
supply chain of an average hog of which 25 kg.akl 40 a Dutch supermarket. Other revenues (by-
products and export) as well as all costs are t&ken into account (Hoste et al., 2004). Costdanfh
includes 36%. Slaughterhouses and boning have ast2¥e and main part of the consumer euro (Figure

2.3) is in costs of suppliers (e.g. animal feedgling) (29%), retail (24%) and prepackers (20%).

2.2 Dairy, hog and broiler processing in the Nethéands

The total Dutch agricultural and food supply chadded value of 21,9 billion euro in 2004. Totalest
the Dutch agricultural and food sector was 40,4opileuro in 2004, 9,4% of the total Dutch econoifiye
Netherlands is ranked third as the world’s largegtorter of agricultural products (Ministry of Agulture,
2007).

Mainstream livestock supply chains in the Nethattaare characterised by intensive livestock farming
increasing scale of production, large and constalarocessing companies and sizeable exports. ffreom
three supply chains considered in this researahy,gaork and poultry meat, the number of farmkighest

in dairy supply chains, i.e. 22,301 farms (TabtB) 2ZThe number of processing sites is also higimedairy
chains (50). Processing companies jointly procdsg80D million kg milk, 1,283 million kg pork and 88
million kg poultry meat. Average product valuepaicessing level are euro 0.44/kg, euro 1.39/kgeamd

0.79/kg for dairy products, pork and poultry meatducts respectively.
Combining production values and number of processites, daily production values per site are on

average 279.452 euro for dairy processing, 3056886 for pig slaughtering and 112.973 euro for pgul

slaughtering.

-12 -



Table 2.1: Farm and processing industry charatitsisf dairy, hog and broiler supply chdins

Dairy Hogs Broilers

Farmlevel
Number of farms 22.301 7.963 674
Animals per farm 61 688 58.394
Annual production 7.417 kg milk/ 91 kg/hog 2.1 kd'/broiler

dairy cow 3.05 hogs/place 7 broilers/place
Processing industry level®
Production (1000 ton/year) 11.625 1.283 884
Production value (million euro/year) 5.100 1.784 170
Average value per kg (euro) 0.44 1.39 0.79
Number of companies 15 9 15
Number of sites 50 16 17
Average production value per site (euro/day) 273.45 305.395 112.973

'Sources: Bunte et al. (2003), Dairy Product Bo2a0y), LEI and CBS (2007), Animal Sciences Groupo@.
“Slaughter weight.
3For dairy referring to dairy processing companies sites. For hogs and broilers referring to sléerhg companies

and sites.

Dairy processing in the Netherlands
If we classify the dairy production sites by protioic output the 50 sites are used for:
* Cheese production (19)
e Consumption milk (11)
e Milk powder (10)
* Butter (5)
e Evaporated milk (3)

Two factories are not classified for productionpait(Dairy Product Board, 2007).
The distribution of milk production in percentaggghe processing industries (Figure 2.4) showsrtiuest

milk is processed into cheese (51%). Over 1 bileono value was added by dairy processors in 2064 (
Leeuwen, 2006).

-13 -



O Cheese

0,
18% B Butter / skim

powdered milk
O Other powdered
12% 0 milk
51% O Moisture
6% B Milk and
7% milkproducts

6% O Other products

Figure 2.4: Distribution of milk at processing irstites in the Netherlands (source: Dairy ProducarBp
2007).

Hog processing in the Netherlands

The value of a hog is determined by the value ef ¢arcass. This value depends on the amount of
marketable meat, the distribution of this meat idifterent product streams and the intrinsic qyadit the
meat. According to Hoste et al. (2004) about 70okghe living weight of a hog of 114 kg is used for
human consumption. Other parts of a hog consisirofng others, bones (18 kg), intestines (8 kgjars,

hair (1 kg) and blood (4,5 kg). Two kg also dries after slaughtering of the hog. Furthermore,dtiecass

of a hog consists of fat, bacon and rind, whichloanlelivered only partially together with frestripmeat.
Parts of a hog are also not suitable for fresh measumption, but are sold for a lower price thioother

channels than the fresh meat channel (Hoste é&X0dl4; Vlaamse overheid, 2006).

In Figure 2.2 the interrelationships within the krnind meat processing industries were shown. IarEig
2.5 is shown how within the hog processing induséyeral product streams come into existence at diim
slaughter. In Figure 2.5 a simplified overview regented of these different product streams. Eveagh

the figure is simplified, it is clear that all sexf products originate from a hog (Hoste et &04).
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Live weight 11% kg

¥ ¥
Hot slaughter weight Slaughter by-
90 kg products s g
|
¥ v ¥
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loss Cold slaughter weight ﬁg&id
2 kg 83 kg 5 kg
v v v v
Trimmings
Legs Middle Shoulder neck |gerans
27 kg 26 kg 20 kg Cheelk etc
9 lug
* ¢ -
Muscle meat Trimmings, scraps, rind Eane
31 kg 41 kg 10 kg
! - v v

Cut products Dicediminced
(6.0 cutlets) meat products

Processedin
other

products

Destruction, petfood,
pharmacy etc.

Figure 2.5: Overview of product streams arisingraé of slaughter of a hog (Hoste et al., 2004).

In 2005 there were 21 hog slaughterhouses in thieeands with more than 25.000 slaughterings a. yea

In 2004 there were still 24 of these slaughterhsud¢og slaughterhouses added 690 million eurcahfev

to the Dutch economy in 2004. According to the BoddBoard for Livestock, Meat and Eggs, in 2006,
there were 15 hog slaughterhouses in the Netheylaitd more than 100.000 slaughterings a year. Atmo
half of these (six slaughterhouses) slaughterecertitan 1.000.000 hogs a year. The average number of
slaughterings increased in 2006 in comparison Wwdth 2004 and 2005 (Product Board for Livestock,

Meat and Eggs, 2006; Product Board for LivestockaMand Eggs, 2007; Van Leeuwen, 2006).
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The slaughter pigs supply chain includes supplieduding feed producers) up until the slaughtedes.
The slaughterhouses added value of 690 million Bug®04. (Van Leeuwen, 2006).

Figure 2.6 gives insight in the products streamg pmcessing companies are exporting. Main export

products include live, bacon and ham. These predotil 61% of the total export of hog products.

o Live

29% m Bacon

O Hams

O Pork de-boned

19%

9%

5% B Carcasses
6% 15% @ Shoulders
17% m Other Meat

Figure 2.6 Export of product streams of hogs Dupcbcessing industry (source: Product Board for
Livestock Meat and Eggs, 2006).

Broiler processing in the Netherlands

The poultry supply chain include e.g. feed produstelistributors, breeders, broiler farms, farmshwi
laying hens and processors. In 2004, poultry picgscompanies added value of 230 million euro (Van
Leeuwen, 2006).

In 2006 there were 15 broiler slaughterhouses witsupply of over 10.000 ton a year. Five of these
slaughterhouses had a supply of over 40.000 tazaa YAverage supply went up between 2005 and 2006,
but did not compensate for the fact that there weoeslaughterhouses (with at least 10.000 slauvigige

per year) less in 2006. Therefore, production desad by 1% in 2006 (Product Board for Livestockai
and Eggs, 2007).
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3 — Definitions of direct and indirect losses

Due to the occurrence of several animal feed coniion crises in recent year in the Netherland® (s
chapter 4) attention is drawn to the risks of sagbes. By means of risk-financing instruments eisged
liability losses can be transferred from feed pomis to other parties (insurance industry). Bota th
insurability of contaminations in animal feed faetl producers as well as the definitions of dised

indirect losses will be discussed in this chapter.

3.1. Literature review on liability
In practice, the originator of a contamination doesg always compensate losses. Reasons for this are
common law (restricted liability, accountability lafsses), the supply chain itself (bankruptcy ohg) and

the content of the liability insurance (coverageaxmmum amount) (Meuwissen and Huirne, 2006).

Liability risks are, in most cases, insurable riskgith respect to the insurability in the food and
agribusiness main characteristics about the cusigrdtion are:
- All stakeholders in the chain are in principle iredl
- Participation is not obligatory but directs to 100%
- Covered liability is both legal and contractual.
- Insurable losses are salvage costs, business kmsddsiman losses. Non-insurable losses are other
capital losses and product recall costs.
- Insurable amount is varying from under 5 millioneuntil above 10 million euro. TrusQ members
collectively insured themselves for an amount ofriilion euro per incident

- Maximum coverage is standard twice the insured atnper year (Meuwissen and Huirne, 2006).

With regard to the insurability of product recafl food supply chains, Skees et al. (2001) staté tha
processing firms are not given the right incentibgsthe market to implement costly, but safer, food
production systems. Demand for higher-priced, daked is not substantial enough to change the betiav

of the majority of the food processing industry.cRE insurance products may be the best method for
giving incentives to processing firms to achieveager food safety standards. Recall insurance ptsdu
still must cope, however, with problems due to asytmic information. This is potentially a serious

problem in an environment where inspections arengadn quality and quantity (Skees et al., 2001).
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Skees et al. (2001) focus on the situation in thadd States of America describe recall insuramoeycts
in two categories:
(1) A supplement or endorsement to the general liability policies available to commercial
policyholders.

(2) Exclusive product recall palicies.

In the United States there are only few insuranoelycts from category two. One of them (from MRM
MacDougall Risk Management) categorise lossesfmipareas:

(1) Recall expenses

(2) Lost gross profit

(3) Rehabilitation expenses

(4) Crisis response

The second category covers loss for “12 monthgwvigilg discovery” or lost profit during a smallerrjoe
where “the sales revenue remain less than the tbeglcould have been reasonably projected had the
product tampering not occurred” (Skees et al., 20D&velopments show that capital losses that ate n
related to business losses and human losses amabies under conditions in the United States. & th

current situation in the Netherlands this is nett¢hse.

Van Asseldonk et al. (2005) defined direct andrexcti losses on farm level. Direct losses are ttheevaf
animals destroyed under depopulation and welfangéraclomeasures and the costs of organisation aspect
such as the monitoring of farms in restriction Zr@onsequential or indirect losses that arisarat fevel
include business interruption, losses related tablished restricted zones, additional repopulatosts,

losses from emergency vaccination and price eff@tda Asseldonk et al., 2005).

Business interruption losses are losses due tolfaitdings becoming (partly) empty due to stamjpiug,
welfare slaughters or breeding prohibition. Losselated to established restriction zones are losses
occurred because farms in restriction zones fag@d® in which animals and manure can not be
transported from the farm. Animal welfare probleragira feeding costs and emergency measures for
housing of pigs and storage of manure are all ¥osskated to established restriction zones. Adukiio
repopulation costs are losses that include extsésoaf animal health problems. Losses from emergenc
vaccination are losses that might arise from almategories in a situation in which vaccinated aténaae
destroyed. For reasons of social acceptabilityréinelering of vaccinated animals is under debatéuture
epidemics, meat and milk from vaccinated animaly b&destined to the local market, which likelydea

to extra costs and/or lower prices. Something simihay apply to animals under welfare slaughter
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programs. Price effects and corresponding losdater® aspects as the size of an epidemic, reesctb

other countries and whether vaccination is apghéh Asseldonk et al, 2005).

As discussed in Chapter 2, in case of a contamoimati animal feed, contaminated, mixed-contaminated
and non-contaminated (“perceived to be contamiripted closely related. Liability insurance schemes
however, only compensate direct losses, i.e. losdated to (mixed-)contaminated products. Theeefdr

is of crucial importance to strictly define bothratit losses and indirect losses. Contaminated aredm
contaminated products relate to direct losses,enfierceived to be contaminated” or non-contamihate

products and corresponding losses relate to indiweses (Table 3.1).

Table 3.1: Direct and indirect losses related tat@minated products (processing stage).

Product Location of products in chain Direct losses Indirect losses
Contaminated First processing companies Destruction, business -
and mixed products interruption

Post processing companies, Tracking, tracing, -
distribution channel, consumer notification, destruction,

level business interruption
Non-contaminated Distribution channel, consumer- Product recall, returned
products level products, decreased

demand, regaining
(export) markets

If contaminated products are still in first prodagscompanies, direct losses mainly include co$ts o
product destruction and some business interrupfisrsoon as contaminated products have been dediver
to post processing companies, distribution chanmeld consumers, direct losses also include risk
mitigation costs such as tracking and tracing avstscof notification. Losses related to non-conteatgd
products, i.e. indirect losses, occur due to fatdance product recalls, the returning of products a
(temporarily) decreasing demand. These losses timeiade destruction of products but deal with ozign

others, relocating recalled and returned produntisiavestments needed to regain (export) markets.

3.2. Current study
With respect to the scenarios or this MSc resedireltt losses are defined as:

- Losses related to the physically contaminated prisdacluding mixed-contaminated products.
Direct losses of this research relate to the com@®d products itself and other products that are
contaminated because of mixture with the contarathatoducts. Direct losses mainly contain the vafue
contaminated products, some company-specific dimges also include some destruction costs. Direct
losses for first processing companies are inclydedtruction and business interruption), direcsdasfor

post processing companies are not included (Tab)e 3
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Contaminated milk that is mixed with uncontaminateitk in a storage tank at a dairy processing isite
considered as totally contaminated milk and asctlicess in this research. The direct losses asie@fnere

are in practice considered to be insurable losses.

Indirect losses for this research are defined as:
- Losses not directly related to the stream of plaflsicontaminated products.
Indirect losses of this research include returnediycts, decreased demand and regaining exportetsark

Product recalls are not included (Table 3.1).

Examples of indirect losses as defined for thigaesh are non-contaminated products that are exurg
customers of processing companies, losses thattaumorder closures and losses due to processing
companies that need to regain parts of their exparkets after a contamination crisis. The inditestes

are of course also caused by a contamination malrfeed and are a consequence of this. Howeveseth
losses are indirect because the losses are notlgirelated to the physically contaminated proditctam.

Indirect losses as defined here are in practiceidered as non-insurable losses.
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4 — Literature review on previous contamination crges
A literature review is carried out in order to ntap type and size of losses for the different dtalders in
the supply chain that occurred in recent crisee Whole food supply chain, including the processing

industries, is reviewed.

Two types of crises are studied: contaminationesriand livestock epidemic crises. Contaminatiosesri
are discussed in this chapter since scenariogsmakearch relate to such crises. Although the afizosses
of livestock epidemics are not comparable with égssf contamination crises, the type of losseaughs
crises might be similar. After the literature ravien livestock epidemics, it appeared that contation
crises and livestock epidemic crises differ too mukherefore, the review on livestock epidemicpusin

Appendix 1.

In this chapter a technical description of previcostamination crises is presented in paragraphThé

type and size of losses of recent contaminatiosesriare investigated. In paragraph 4.2, losses are
subdivided into losses on the feed level, on the fievel and on the processing level. In additiosses

are subdivided into direct and indirect losses. igtinction between losses per sector (dairy, pigd a

poultry) is also made.

4.1 - Previous contamination crises

Several feed crises have occurred in The Netheslaadging from the dioxin crisis in 1999 to another
dioxin crisis in 2006. Technical descriptions ofdbk crises are presented in this paragraph. Fequg bn
the number of primary producers affected and thatohn of the crises. A distinction between thedfee

sectors affected (compound and/or wet feed) israksde.

4.1.1 Technical description

Dioxin 1999

In January 1999, at the Flemish fat-melting compaferkest, 40-50 kg of mineral oil containing
polychlorinated biphenyls (PCBs) was admixed todalivered to ten animal feed producers. Between
January 15 and 31, animal feed containing fat commated with PCB and dioxins was distributed to
poultry farms and to a lesser extent also to rabhlif, cow and pig breeding and raising farms. tMasns
were located in Belgium, but distribution took afgace to farms in The Netherlands, France and Gaym
The contamination was detected because of a deciheasyg production and hatching together with an
epidemic of chicken edema disease (Van Larebela,e2001). The crisis related to compound feed (no
wet feed) and pig, cattle and poultry sectors vedireonfronted with the contamination. (Van Asselklet

al., 2006).
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In Belgium around 200 farms were put in quarantind products of primary producers were destroyed.
Also, 93.148 ton of meat was destroyed, of whictD@6 ton of pig meat and 12.500 ton of poultry meat
(Houins, 2007).

MPA 2002

On June 27, 2002, the Dutch government declarddotihahree sow farms MPA (Medroxy Progesterone
Acetate) was discovered in raw materials of wetawiand slaughtered sows. Because of fertility prabl

on 3 sow farms since May 2002 research was doseddf something was wrong with the animal feed.
This appeared to be a contamination with MPA. Sewfcthe contamination was the Irish glucose syrup
producer Wyeth Medica Ireland, which exported aggaous waste stream as a not dangerous stream. The
Belgian company Bioland imported the waste streach delivered the MPA-contaminated syrup to both
compound feed producers as well as to primary predu (pig farms). From these companies the
contaminated products were further distributed ubhothe supply chain (Product Board Animal Feed,
2002-b). In consultation with the Dutch Ministry éfgriculture, the Dutch Association Animal Feed
Industry and supply chain partners, the Europeamr@ission ordered a recall of all compound feed
contaminated with MPA through melasse (Product 8darimal Feed, 2002-a).

Several companies at the beginning of the suppdynchbought raw materials from companies that did no
apply to GMP+ quality standards (Product Board Aaliffeed, 2002-b).

The period in which contaminated feed was produsedt clear since the contamination was quiteudéf

Numerous companies, producing both compound featleisas melasse, were involved. The duration in
which contaminated compound feed was produced wat six weeks. For wet feed the period that
contaminated feed was produced is not clear. Bothpound feed and wet feed producers were involved.

Agricultural sectors involved were the pig andleagector (Product Board, 2002-b)

Due to instructions of the Ministry of Agricultuietotal of 73.000 pigs were destroyed during theAMP
crisis (Eindhovens Dagblad, 2004).

Dioxin 2003

On February 12, 2003 the Dutch food supply chatedaa dioxin contamination in bread meal. The

German company Trockenwerk Thiringen GmbH expartedaminated bread meal since December 2002
to Velthof Veevoeders BV and it was spread to feampound feed producers and one farmer. On
February 12, two tracks of the contaminated breadlmvere known. As a result of this, 237 cattlenfar

were blocked on February 14, 2003. Farms with pigsks, ducks and cows (no dairy farms) were
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involved. Based on results of test slaughters atetuwf companies was unblocked from February R4 ti
March 6. At the end of March 2003 the final eigladked farms (with sows and piglets) were unblocked
(Product Board Animal Feed, 2003).

In the 2003 dioxin crisis one animal feed produmaught raw material from a not GMP certified comypan
The four involved compound feed companies did hejirtraw material from a (at that moment) GMP

certified company (Product Board Animal Feed, 2003)

The period in which contaminated feed was produsad from the end of December until the end of
January. The feed sector involved in the 2003 diaxisis was the compound feed sector. Agricultural

sectors affected were the pig-, cattle- and posistors.

Dioxin 2004

In October and November 2004 the Dutch feed sewts confronted with a contamination of dioxin in
potato by-products coming from the potato procegsiiustry. On October 22 the Food and Consumer
Product Safety Authority reported an increasedlle¥aioxin in a sample of milk. Cause was the pota
processing industry using potato-sorting soil, ioaging from Germany, which proved to be ‘naturally

contaminated with dioxin (Product Board Animal Fe2005-a).

On October 25, transport of all animals and progidetived from animals of two dairy farms, incluglihe

one from the contaminated sample, were blockedsd h&o primary producers bought the same potato by-
products from the same supplier from the same ilmtaMcCain in Lelystad. Between October 22 and

November 19 a total of 196 farms were blocked. €re® all cattle farms that bought potato by-préduc

from one of the three production locations of tloafo processor in question; McCain (Product Board
Animal Feed, 2005-a).

Because of precautionary measures, milk of abouailved dairy farms was stored separately dutiteg
blockade period, awaiting further test results @pch Dagblad, 2004-a; Product Board Animal Feed,
2005-a). Animal feed producers involved in the 2@@gkin crisis were wet feed producers. Agricultura
sectors affected were both the pig and the catidos (Product Board Animal Feed, 2005-a; Van
Asseldonk et al., 2006).

Bone fragments 2004

In November and December 2004 the Dutch animal $eetbr faced a number of positive analysis results

of bone fragments in German beet pulp. An earlynway signal (EWS) was issued in order to alert all
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stakeholders involved regarding this issue in thgirming of November 2004. Earlier, on October 20,
2004, the Irish government reported about bonenieags in German beet pulp. Because the Food and
Consumer Product Safety Authority (VWA) did not pdkis announcement to the Product Board Animal
Feed, this message reached the Product Board Aieed only at November 5. At the same time, the
Product Board Animal Feed received a report of lsimature from the raw materials trade sectoraAs
consequence companies involved responded by iftergsthe inspection on the delivery of German beet
pulp. Result of this was a number of positive ressah bone fragments in the course of November 2004
(Product Board Animal Feed, 2005-b).

The incident with bone fragments was discoverdtiatery beginning of the food chain. This allovikd

companies involved to take adequate measures earanstage. Because of this there were no logses f
subsequent links. As a result no positive batchex®wold en no compound feed producers were affecte
(Product Board Animal Feed, 2005-b). Wet feed geattd the compound feed producers were both

involved but no primary producers were affected.

Dioxin 2006

On January 24, 2006 the Dutch feed production cliabed a dioxin contamination in pig fat from
Belgium. The contamination was identified through iacreased level of dioxin in a sample taken at
December 15, 2005 from a storage tank of compoeed Eompany Bouman B.V. in Andel. As a results of
this 275 farms were blocked. All blocked farms fpaged feed of Bouman B.V. in which an increased
level of dioxin was determined. The Food and CoresuRroduct Safety Authority (VWA) carried out test
slaughters to determine if the dioxin level in theat was exceeded. It appeared that in some dases t
dioxin level was exceeded. By one individual fatma potentially contaminated hogs were taken othef
food supply chain. On February 7, Vion and 12 imedl pig farmers decided to take all hogs of moas th
50 kg (7.700 hogs on total) out of the supply chaimese 12 farms possessed pigs that containedasuch
dioxin level that they could not be sold to the siamer market (Product Board Animal Feed, 2006). The
pigs of less than 50 kg were not taken out of theket, because the level of dioxin at the timeladghter
would be below the EU-limiting value (RIVM and RIKT, 2006). Last farms were released on February
10, 2006.

Duration of the dioxin 2006 crises from discoverfythe contamination until the date last farms were
released was 17 days (Food and Consumer Produety S&ithority, 2006; Product Board Animal Feed,
2006). Compound feed producers were the only peduinivolved. Sectors affected were the pig, cattle

and poultry sector.
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4.1.2 Key characteristics

In Table 4.1 the key characteristics of discussmdamination crises can be found. The number ofigmy
producers affected, duration of the crisis in dayd the type of animal feed producers involvedrdisiish

the different crises. Duration of the crisis in Teah.1 relates to the period contaminated feedpsaduced.
This is the period contaminated feed was spreasugjimout the supply chain. In other words the time
between discovery of a contamination and the morasttblocked farms were released. The duration of

the crises is further specified in Table 4.1.

Table 4.1: Key characteristics of recent contanmmatrises.

Number of primary Duration of crisis (days) Sectors involved

producers affected Compound feed Wet feed
Dioxin 1999 1821 15 X -
MPA 2002 685 <42® X X
Dioxin 2003 237 <4¢® X -
Dioxin 2004 196 29° - X
Bone fragments 2004 0 o* - X
Dioxin 2006 275 17° X -

A: Days contaminated products were spread throughelchain.

B: Days contaminated feed was produced.

C: Days between discovery of contamination andasggunblocking) of last farms.

4.2 Supply chain losses

In this paragraph supply chain losses of contangnatrises, that were described in paragraph 44 a
reviewed. Paragraph 4.1 and Table 4.1 showed d¢bhnical information on contamination crises, sash
the number of farms affected, is easily accessibtmvever, details on losses occurred are hardlifala
(Table 4.2). In addition, if losses are found ithisrd to quantify them or to classify them in dires.
indirect losses or to different sectors (Table .443) information found on supply chain losses iegented

in this paragraph.

Dioxin 1999

Production value of the Belgian agriculture in 19@@reased with 500 million euro in comparison thid
five previous years. Total financial damage of di@xin crisis in 1999 in Belgium was estimated av 4
million euro. Products of primary producers werstd®yed for an amount of 250 million euro. The imag
of all Belgian food was damaged. The consequernfcé® @risis were large with regard to trade relasi of

Belgium with several countries. Bans on Belgiardpiais were imposed (Houins, 2007).
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For Dutch processing industries the 1999 dioxisigralso had financial consequences. Dairy processo
Campina Melkunie suffered a loss of 13,6 milliomceein 1999 because of the dioxin crises. The result
dairy processor Friesland Coberco decreased with d#filion euro in 1999 (Kingmans, 2000). Dutch
agricultural cooperation Cebeco, owner of poultrggessor Plukon, reported a lower profit of 6.8lioml

euro because of the dioxin crisis (Cebeco, 20007 &egraaf, 2000).

In The Netherlands a huge decrease in sales amdimgtion of poultry meat occurred. Production i994.9
also decreased with 0,5%, partly because of theirdiorisis. The crises also had huge influences on
exports. Borders were closed for poultry meat fifime Netherlands and extra guarantees for poultigt me
were demanded from the Dutch government and indob@mpanies. Up until late 2000 a number of
borders stayed closed for Dutch poultry meat (Babdt., 2003; Nepluvi, 2001).

MPA 2002

A recall of all compound feed contaminated with M#kough melasse was ordered by the European
Commission (Product Board Animal Feed, 2002-a)atatal of 73.000 pigs were destroyed becauseeof th
MPA crisis. The 2002 MPA crisis caused an extra@gse in sales revenue in pig meat in The Nethdslan
Export volume of pig meat also decreased by alm@% because of temporarily border closures as a
reaction on the MPA crisis (Product Board for Liwek, Meat and Eggs, 2003-a).

Losses of the MPA-crisis for the feed industry astimated at approximately 33 million euro. These
expenses were mainly caused by feed destructiorreralls. Losses on farm level are estimated at 35
million euro. Losses consisted of destruction caftanimals and losses in income due to lower price
Prices of hogs went down with 13%. Losses on pingslevel are estimated at 25-50 million euro,
consisting of export limitations and a temporatdyer production. Losses for the Dutch government a
estimated at 6 million euro due to organisation @uathitoring costs. The Ministry of Agriculture estited
total losses of the MPA-crisis at 107-132 milliarr@ This total however does not include lossesediy
regaining export markets (Ede Stad, 2003; LEI, 2008/, 2002).

Feed producers and farmers claimed 7,1 million .gemothermore, sector organisations and feed perduc
claimed for an unknown amount at the company thased the MPA-crisis. Animal feed producers and
primary producers arranged a 3 million euro setetnbut no other compensation was paid. The public
prosecutor in The Netherlands also charged twdgrigers and an advisor for delivering contaminating
products in the supply chain. Fines of 200 thousamd were demanded (Eindhovens Dagblad, 2004). The
Irish company Wyeth Medica Ireland that causeddbmetamination was also summoned in 2006 by the

Irish attorney general. The fact that a dangeroastevstream was sold as a not dangerous steam was
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charged. Furthermore, the Belgium company Bioldrad purchased the contaminated feed was declared
bankrupt in 2002 (Agrarisch Dagblad, 2006-c). Arifeed companies that purchased and delivered
contaminated products (Zeeland Voeders, Porker $a@odl Genuva BV) were demanded a total of 82

thousand euro in appeal by the public prosecutcalme of negligence (Agrarisch Dagblad, 2006-b).

Dioxin 2003

No information regarding supply chain losses isfihu

Dioxin 2004

During the crisis there were temporarily lower twvers in Greece, South Korea and Singapore (NLTO,
2004). As a result of the dioxin crisis in 2004 Bolorea closed its borders for meat and dairy pctsl
from The Netherlands for 12 days. Especially thécBicheese sector suffered from the closure; ir8200
two million kg of cheese was exported to South l&ptaut now borders were closed for 12 days whidh le

to lower turnovers for cheese exporting companiegdrisch Dagblad, 2004-b; Agrarisch Dagblad 2004-
c).

Farmers who suffered losses from the 2004 dioxsischave all been compensated (Nieuwe Oogst, 2005)

The amount of this compensation is not specified.

In December 2004, 71 primary producers claimedel®ésr a total amount of 150 thousand euro. 59ngai
were directed to feed suppliers and 12 claims vd#rected to the government. These farmers had the
opinion that the blocking of their farms was unifisti. The farmers of the two dairy farms that were
blocked first agreed upon a claim settlement witbQdin (NLTO, 2004). The amount of this settlement

was not published.

Dairy processor Friesland Foods tried to claimdsdsecause of a lower turnover, because of loweegpr
in Greece during the 2004 dioxin crises (Dagblau ivet Noorden, 2005).

Losses could have been higher according to thetCrecleration of Agriculture and Horticulture. Loogi
at the level of dioxin found in meat and milk admg crises was just avoided (ANP 2004; NLTO, 2004).

Bone fragments 2004

As a result of surveillance positive batches bedp pontaminated with bone fragments were not soldl

no primary producers were affected (Product Boanohal Feed, 2005-b).
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Dioxin 2006

China, Hong Kong, Japan, Taiwan and Southern Kolesed the borders for Dutch pig meat. Japan also
closed her frontiers for poultry products for a we@\grarisch Dagblad, 2006) The incident led teskes

for cattle farmers and for the meat industry. Thes@s a substantial fall in prices for hogs in The
Netherlands compared to the increasing prices erisgrman and Belgian markets (Product Board Animal
Feed, 2006).

The Dutch Federation of Agriculture and Horticutl (. TO Nederland) went to the Dutch court to claim
market losses. The claim was not about lossesddfidtual primary producers supplied with contaméauht
animal feed, but about losses that include the &vbopply chain, losses due to lower prices for {b@®©,
2006). Pig slaughter Vion claimed 900 thousand edirfeed companies Bouwman and Profat (Belgium).
Vion also took 7.700 pigs out of the market becanfsthe risk of an increased level of dioxin (Nieuw
Oogst, 2006).

Overview of supply chain lossesin recent crises

As discussed, the crises described caused los#es supply chain. These losses can be dividedasses
on feed and farm level and losses of processingsin@s. Other losses are also specified, e.g.nsgseby
the government or not quantified losses. If lossesnot mentioned this implicates no informatiorswa

found. Losses are in million euros.

Table 4.2: Losses allocated to feed- farm- andgssiag food supply chain stage in previous feed
contamination crises.

Feed Farm Processing Other Total
industries
Contamination crises
Dioxin 1999 n.a. n.a. 38,8 border closurés 38,5
MPA 2002 33 35 25-50 6°  107-132
regaining export markets

Dioxin 2003 n.a. n.a. n.a. n.a.
Dioxin 2004 na. 0,15G n.a" n.a. 0,15
Bone fragments 2004 n.a. 0 0 0 0
Dioxin 2006 n.a. n.a. 0,9 Border closures 0,9°

Fall in price$§

.a. = not available

: Lower profits of processing companies.

: Border closures remained up until late 2000.

: Own estimation based on found literature.

: Government expenses.

: Regaining export markets not included in toéglarted losses.
: Reported total losses.

: Claim by primary producers.

: Claim of Friesland Foods because of lower tuamam Greece (unknown amount).
I: Claim by Vion.

J: Border closures for a week to several exporkatar

K: Substantial fall in prices of hogs.

>

IOTMTMOOW>
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If losses could be allocated to different sectard/ar direct and indirect losses this distinctienmade in

Table 4.3. Only quantified losses are put in thetal osses are in million euro.

Table 4.3: Losses allocated to type (direct/indjrand sector (dairy/pig/poultry) if applicable.

Direct losses Indirect losses
Dairy Pig Poultry Dairy Pig Poultry

Contamination crises
Dioxin 1999 31,7
MPA 2002

Dioxin 2003

Dioxin 2004

Bone fragments 2004
Dioxin 2006 0,

A: Lower profits of dairy processors Campina Melliaand Friesland Coberco.
B: Claim by pig processor Vion.

As can be obtained from Table 4.3., losses of tem@mamination crises are hard to classify. Losses
presented in Table 4.2 are either not classifietlagsified losses cannot be quantified. Therefoost
losses could not be classified to sectors or direcindirect losses.
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5 - Material and methods

The objective of this research is realised by aiatythe losses of dairy and meat processing coiepam
different scenarios in case of a contaminationniimal feed. As a starting point the repdhie production

of compound feed in The Netherlands: an analysis of contamination risks by Van Asseldonk, Meuwissen
and Huirne (2006) is used. Van Asseldonk et allistithe number of contaminated feed companies, the
losses per contamination and the annual loss. kasgbe report of Van Asseldonk et al. include fined-

and farm stage, but not the processing stage appely chain.

Van Asseldonk et al. (2006) consulted experts eyguidoy Nevedi (Dutch Association of Animal Feed
Industry) members by means of a questionnaire. A&seldonk et a. presented aggregated statistitiseon
outcomes of these questionnaires. The most likedpario developed by Van Asseldonk et al. is used a
the most likely scenario for this MSc research patameters are further developed to get insiglhén
losses for dairy and meat processing companiese Mdormation about the research of Van Asselddnk e
al. (2006) can be found in paragraph 5.1. The wdiffelosses processing companies face with respect
contamination in animal feed are categorized anantiied based on literature research and in depth

interviews with experts of processing companies.

Seven what-if scenarios are defined in this rebed®esults are calculated in a Microsoft Excel agsheet
model. Parameters have been put into this model.aftount of contaminated products is derived frioen t
number of contaminated farms, duration of a criai®rage number of animals per farm and the average

circulation rate of animals on a farm. Paragra@hgbzes more insight into the spreadsheet model.

Experts of dairy and meat processing companiesrdited the effect of the number of contaminatechfar
and the period of the crises on the processorsdossiportant parameters are the size and numbsotof
production locations and batches affected. Botk givindication of the multiplier with regard tetlosses
on the processors level. Purchase costs, produotisis and market value of products indicate tteevaf

these contaminated products in the different prodnstages.

Distribution of products within the processing isthies and a corresponding time line give insighthie
production process of processors. It clarifies laictv stage of the supply chain from processor ttsumer
contaminated products are at a certain time. Bhi®w value can be assigned to contaminated predtict
different times at the processing stage of the lsuppain to get insight in the losses of processing

companies at different times.
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5.1 Scenario description
Different scenarios are developed to gain insigtd the different losses processing industries faamse
of a contamination in animal feed. Scenarios ateugpebased on the research and scenarios of Van

Asseldonk et al. (2006) and are further developed&iry and meat processing industries.

Scenarios of Van Asseldonk et al. (2006) are sdtaged on experts of companies connected to Nehedi,
Dutch Association of Animal Feed Industry. Ten axpevere consulted by means of a questionnairetabou
stochastic assumptions in the model of Van Asséddxral. Three-point estimates (minimum, most jikel
and maximum) were elected to parameterise the pildpadistributions (Van Asseldonk et al., 2008he
questionnaire included questions in relation tort@amination crisis about:

- The probability of occurrence.

- Number of compound feed companies involved in alkec

- Size of compound feed company involved.

- Sectors (cattle, pigs, poultry) involved.

- Duration of production of contaminated compoundifee

Scenarios and results of Van Asseldonk et al. dhativ the average value as well as the standarct@vi

of the number of contaminated farms and the anpgaks induced by contaminated compound feed.

Table 5.1: Results of most likely scenario of Vags@ldonk et al. (2006).

Mean Standard deviation
Number of contaminated farms 659 760
Loss per contamination (euro) 5.266.231 6.514.340
Annual loss (euro) 1.050.840 3.570.290

Stochastic elements by means of expert judgemantisei research of Van Asseldonk et al. (2006) also
included a most likely occurrence of a contamimatiasis of once in five years and a most likelyation

of seven days.

With regard to this research the number of contateth farms and the period (number of days)
contaminated products are processed are the meampters. The spread of the contamination throughou
the Netherlands is also an important parameterelemthis parameter will be not be discussed haoes

in practice, this parameter is closely relatechtottvo other parameters.
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In Table 5.2 an overview is presented of scenalmzeloped for this research. In Table 5.1 mean and
standard deviation were presented. In Table 5.2n{im@st likely scenario) and 5% and 95% percentiles
(what-if, best case and worst case scenarios) @septed. In the most likely scenario the number of
contaminated farms is 659. This most likely scenasi derived from the most likely scenario of Van
Asseldonk et al. (2006). The contaminated farmsearelly divided over three branches: cattle, pigd
poultry. Therefore the number of contaminated fapes sector is approximately 220. In the scenarios,
farm types are further specified to dairy, hog braller farms based on the relative frequenciesspetor.
The assumption is made here that for individuahfathe probability of becoming affected is equaldib
farms within a sector (e.g. sow and hog farms, kbatéfe and dairy farms and farms with laying hand
broiler farms). No literature has been found thmaitradicts this distribution, that there is a diffiece in the

risk of occurrence of a contamination in animabfe@eeach of the sectors and farms.

The number of days contaminated compound feedoduged by a compound feed company is, according
to the report of Van Asseldonk et al., most likélgays. The duration of a crisis in the differecgrgarios
indicate the period in which contaminated prodwnts processed. In scenarios it is assumed that the
number of days as estimated by Van Asseldonk €P806) can be interpreted as the number of days in
which contaminated dairy and meat products aregss®d. This mimics a situation in which animal feed

contaminations are not detected at feed-, farnat tine industries level.

Table 5.2: Most likely and alternative scenarios.
Most Most likelyAlternative  Alternative Alternative Alternative
likely scenario  scenarios - 5%scenarios - 5% scenarios - 95%scenarios - 95%
scenario per sector percentile percentile per percentile percentile per
overall overall sector overall sector

Number of 659 220 37 12 2210 737

contaminated farms

Number of days

contaminated produc

processed 7 7 1 1 30 30

In alternative scenarios the main parameters; thmber of contaminated farms and the number of days
contaminated products are processed, are variethesicdcase and worst case scenarios are evaliidked.
sensitivity of parameters is also measured. Pasmate changed to clarify how a variation in onmore
parameters influences the losses and to clari@ydf where there is a bending in the losses witheso

the parameters.

The number of farms contaminated in the alternatoenarios (Table 5.2) is derived from the 5% &bfb 9
percentile of the most likely scenario of Van Ageslk et al. (2006). The one day and 30 days durasio
based on the minimum and maximum duration of tleelgetion of compound feed from this report. The

alternative scenarios are developed and calcutatesraluate contamination crises in best and waase
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scenarios and to measure sensibility of the twarparameters. The 5% percentile has a number ah87
the 95% percentile has a number of 2210 contandrfatens. In alternative scenarios contaminated $arm
are also equally divided over the three investididmenches and are approximately 12 (5% perceiatild)
737 (95% percentile).

In Table 5.3 all scenarios of all sectors are suns®d. As stated before, the number of contamintzeds

is equally divided over the three investigated bhes. In Table 5.3 all scenarios are shown peosect
(cows, pigs or poultry); these are the calculatseharios. Composition for each scenario and sectr
discussed below Table 5.3. The number of days nonged products processed is not explained skrise t
parameter is equal for every sector. Alternativenacios are calculated in the same way as the likebt

scenario for all industries (dairy, pigs and pagltr

Table 5.3: Calculated scenarios.

Most  More Less More Less Best Worst
likely farms farms days days case case

Number of farms contaminated 659 2210 37 659 659 37 2210
Dairy farms 199 688 11 199 199 11 688
Hog farms 150 503 8 150 150 8 503
Broiler farms 72 241 4 72 72 4 241
Number of days contaminated 7 7 7 30 1 1 30
product processed

Dairy 7 7 7 30 1 1 30
Hogs 7 7 7 30 1 1 30
Broilers 7 7 7 30 1 1 30

Number of contaminated farms and amount of contaminated milk dairy processing industry

90,64% of cattle farms in the Netherlands are d&ryns. Therefore the number of contaminated dairy
farms is 199 (90,64% of 220 contaminated cattlm&rin the most likely scenario. The average sfze o
dairy farm in the Netherlands is 61 cows. Thesescgive 20,32 kg of milk per day on average (LEI and
CBS, 2006). The contaminated amount of milk inrtiast likely scenario is hence 1.726.651 kg.

Number of contaminated farms and amount of contaminated meat hog processing industry

The 150 contaminated hog farms in the most likegnsrio is derived from the total of 220 contamédat
pig farms including sow farms. 68,33% of pig farare hog farms (LElI and CBS, 2006) and hence the
most likely scenario gives a number of 150 contateid hog farms. The number of contaminated hog
farms of other scenarios are also based on th&®8@@ hog farms. The average number of hogs omna fa
is 688. The average circulation rate of hogs i8,3c@lculated with a waste rate of 2,7%. Togeth#r the
average slaughter weight of a hog of 91 kg, the efzthe contaminated hogs can be determined imnkg.
the most likely scenario this is 549.321 kg (AnirBalence Group, 2006).
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Number of contaminated farms and amount of contaminated meat broiler processing industry
The number of contaminated farms per sector inrtbst likely scenario is 220 (Table 3.Zhe percentage
of broiler farms on the total of poultry farms i8,3% (LEI and CBS, 2006). The number of broilenfar

contaminated will therefore be 72 in the most fksetenario for the poultry processing industry.

The number of contaminated broilers in the mostljikscenario will be 564.422 based upon the average
number of 58.394 broilers in a broiler farm (LEHa@BS, 2006) and the rate of circulation of 7,0@ital
Sciences Group, 2007). The rate of circulationaiselol upon a production period of 42,5 days andiadbe

of on average 9,5 days before a new productiorogefiogether with the average weight of a broiler o

2,150 kg the size of contaminated broilers in kitogs is obtained (Animal Sciences Group, 2007).

Input parameters

An overview of the different input parameters, usedonstruct the scenarios of this reserach caobal

in Table 5.4. Information on farm and processindustry characteristics was presented in Table Anl.
overview of parameters used to calculate the logsgsrocessing industries are presented and disdus

paragraph 5.3.

Table 5.4: Input parameters.

Cattle Pig Poultry
Percentage of farms per branche invofved 90,64 68,33 32,7
Average number of animals per farm 61 688 58,394

A: Specified for dairy farms, hog farms and brofl@ms.

5.2 Data collection

In addition to the literature review as presentedhapter 4, data is gathered by interviews witbeets of
processing companies. Experts from four processomgpanies including a dairy processor, a poultry
slaughterhouse and a pig slaughterhouse have hemwiéwed. One to four experts per company were
interviewed. Four to nine interviews per companyeveonducted, including the meeting of the Ernst &
Young research (see below), to gather all necessfagmation to get insight into the direct and inedt

losses processing companies face.

In the period September 11, 2007 to November 187 2b-operation took place between this MSc

research and a research carried out by Ernst & §.olihe objective of the Ernst & Young research teas
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guantify the insurable, direct losses for dairy ameht processing companies in order to show arfieeal
suppliers (Safe Feed and TrusQ) the size of theefofor different scenarios. In addition to thecpssors,
the LTO (Dutch Federation of Agriculture and Houttare) and the ZLTO (Southern Dutch Federation of
Agriculture and Horticulture) participated in thissearch too. The questionnaire and scenarios ajeek|
for this MSc research, to map the direct losses used as the initial concept of the questionnaine
scenarios of the Ernst & Young research. The quessire and scenarios have been further developed i
several project group meetings. Information gatitefior the research of Ernst & Young and this MSc
research was done concurrently. Presence durimg pwbject group meetings, in which the group of
experts was involved, gave insight for this resedhat could not have been gained without the E®nst

Young research.

Data gathering of this MSc research focused oretpected number of processing sites affected ih eac
scenario and the expected size of the losses tger Isi order to map the size of direct lossesistars of
processing sites were mapped in order to:

- Quantify the size of the (mixed-)contaminated mdkimeat stream

- Assign contaminated milk or meat to different prcidstreams

- Assign a corresponding value to the different pobdtreams

- Correct for products already consumed with help tilme line for each product

Company-specific direct losses were calculated thihinformation.

Aggregated averages direct losses of the processieg of the food supply chain are calculated with
public figures on average daily production values gite are used (Table 2.1). In this way, diressés

reflect the lost value of products of first prodgegscompanies.

In order to map company-specific indirect lossefyrimation gathering included:
- Return of non-contaminated products because ohtagonation crisis
- Non-deliverable products due to border closurescastomer rejection of non-contaminated
products

- Regaining of (export) markets, lost due to a coivation crisis

5.3 Spreadsheet model

Direct losses

Aggregated average direct losses are calculatédexfiert information on the number of processitessi
involved and public figures on average daily prdagucvalues per production site (Figure 5.1). 20%
percentile (contained) and 80% percentiles arauted and presented for aggregated average direct

losses.
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[rgot: Number of contaminated farms

Days contaminated products processed
Technical and economic wariables liwvestock sector

| .
Expert Expert information: number of processing sites
information invalwed
and public Public figqures: awverage daily production wvalues
figqures: per processing site
dutput: Aggregated average direct losses processing lewvel

Figure 5.1: Overview of spreadsheet model to eséraggregated average direct losses at processiel |

In Figure 5.2 an overview of the different inputs @sed in the spreadsheet model is presented dor th

company-specific direct losses. Public figures Hasen replaced by company-specific expert inforomati

Linpat: Mumhber of contamitiated farms
Days contarminated products processed
Technical and economic vatiables livestock sector

SCENArins

Expert information: HNumber of processing sites involved
Mumber of batches involved

Distribution in products

Walue of products

Timeline of products from farm to consutmer

Cratpt: Processing compaty-specific direct losses

Figure 5.2: Overview of spreadsheet model to egmprocessing company-specific direct losses.
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Other company-specific information (next to the fw@mof processing sites involved) is gathered thinou
in-depth interviews with experts of processing camps. Gathered information is used to calculage th
company-specific direct losses. Size and valuaftdrdnt products streams are mapped and a timestabl

the production of every product is developed andraesponding value is linked to this.

Paragraph 5.1 explained the determination of thabeu of contaminated farms and days contaminated
products are processed. The number of contamitiatet as well as the duration of a contaminatidsiscr

reflects the number of process locations wherearoimtated products will be processed.

The logistics of processing companies are mappeghito insight in the spread of contaminated pragluct
within the processing companies. The size of coimared milk or meat in kg and the value of
contaminated products in euro reflect the sizeahde of the contaminated product stream. Batnbssiis
well as tracking and tracing systems lead to threap of contaminated products within the processing
companies. Size and value of contaminated prodixedrhrough blending reflect the size and valuéhef
mixed-contaminated product stream. Not only contateid products are included. Both non-contaminated
dairy products that were stored together with ammated products in a truck or silo and meat tlaanot

be traced back to either contaminated or non-cangted hogs or broilers in slaughterhouses aredec.

The value of contaminated products including pipeBhow that for certain scenario with a duratib@ or
30 days some products are already consumed antiesmwee not part of the supply chain any more.
Therefore the value of these products is no loagess and a correction is made in the spreadshedt|
for the products already consumed. Especially enados with a 30-day duration this is an important

correction for the company-specific direct losses.

In chapter 6, a distinction is made between aggeegaverage direct losses of processing companigs a
company-specific direct losses. Aggregated aveduget losses are calculated with processing imgust
characteristics of dairy, hog and broiler supplgink(Table 2.1). The number of processing sites invlve
estimated by participating processing companieslinised to the publicly available information on

processing sites, in order to present quantifieglctiiosses.
Company-specific direct losses include additionxglet information next to the number of processitgs

involved (Figure 5.2). Number of contaminated bas;Hdistribution in products, value of differenbgucts

as well as the timeline of products from farm tasumer is included.
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Basically, the spreadsheet model is the same faryeindustry. However, some industry specific
adjustments are made. In the dairy supply chaik miltransported from a farm to a processing sjte b
trucks. Milk is stored in silos. Both in the truek well as in the silos, contaminated productsnaxed

with non-contaminated products. The (mixed-)contet@d products can be allocated to different prbduc
streams (consumption milk, butter, cheese, casamose, whey, powdered milk, evaporated milk etc.)
Broilers are allocated to product streams suchraasks, drumsticks and wings. Hogs are allocated to
products such as legs, middle, shoulder, neck(Eigure 2.5). For all industries the size of evprgduct
stream is linked to a corresponding value. Alsahwegard to the time line of products from farm to

consumer, a correction is made in results of st@héor products already consumed.

Because of confidentiality of participating compesi company-specific results of each scenario are
presented on an index scale. Results of direcesossnsist of:

- Contaminated products

- Contaminated and mixed-contaminated products

- Contaminated and mixed-contaminated products, ctaefor products already consumed

Indirect losses
Indirect losses are calculated with company-speediriables. Estimations for indirect losses arelenay
participating companies. These are company-spdo$ises. The most likely and the worst case saenari

are evaluated.

Irpnat: Mumber of contaminated farms
Diays contatuitiated products processed
Technical and economic variables livestock sector

l sCenarios

Expert information: Return of non-contaminated products
MNon-deliverable  products (border  closures  or
customers suspension)

Regaiting (export) markets.

h

Chatpat: Processing company-specific indirect losses

Figure 5.3: Overview of spreadsheet model to eggmrocessing company-specific indirect losses.
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The indirect losses consist of:
- Non-contaminated products returned at time of dazomation crisis.
- Products that can not be delivered because of bololgures or customers suspension of purchases
because of a contamination crisis.

- Regaining (export) markets.

Since indirect losses are also company-specifieemsthese are reported on an index scale, whjosts

the main objective to map the indirect losses:ubtipem in perspective with direct losses.

5.4 Assumptions within this research

An important assumption made in this research & the duration of the crises as presented by Van
Asseldonk et al. (2006) is used as the number g6 dmntaminated products are processed by the
processing companies. This mimics a situation irclvia contamination is not discovered on feednfar

or processing stage. It assumes a contaminatidetésted at the end of the duration of a scenattbef 1,

7 or 30 days).

In addition, equal probabilities for both sectomre assumed with regard to a contamination. Equal
distribution to sectors (cattle, pig and poultrg)assumed. Within sectors (sow and hog farms, ¢zdé
and dairy farms, farms with laying hens and brdig@ms) distribution is based on the relative freagies

per sector.

The scenarios of this research assume a contaonnati which all contaminated products and mixed-
contaminated products have to be taken out of dbd Bupply chain. The nature of the contaminatgon i
that serious that no products are allowed to bewmed because certain safety levels are exceedettheO
other hand, the contamination is not that seridwzg tonsumer will become ill or even die from the
contaminated products. This indicates that foraterscenarios with a long duration some produclishsi
consumed before detection and therefore a correfitioproducts already consumed is made for catedla

direct losses.
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6 - Results

6.1 Direct losses
As defined in chapter 4 the direct losses in tesearch are losses of processing industries ginexttited

to the physical contaminated product stream.

6.1.1 Aggregated average direct losses

In Table 6.1 the number of processing sites afteeted estimated direct losses are presented. Result
indicate that experts of involved companies havkeradifferent opinions about the expected numider o
processing sites affected in each scenario. Egtiinatmbers range from company 1: 2 sites (bes) tase
15 sites (worst case) sites affected, whereas nunflmm company 2 range from 1 processing sitet(bes

case) to 3 processing sites contaminated (mody likere farms, more days, less days and worsf) case

Results reflect the (publicly available) information the production value per processing site @ &hl)
combined with estimations of experts of processioigpanies. Losses reflect the total productionevaliu
a site. This implicates that if contaminated prddware present at a processing site, all day ptimatuof
this site will be contaminated, i.e. is perceivedé mixed-contaminated. Experts of processing emies
approved this. Causes are both tracking and tragyistems, that cannot trace back only contaminated

products after they are processed, as well as tatgh sizes on processing sites.

Table 6.1: Number of processing sites affected estinated aggregated average direct losses (million
euro).

Most More Less More Less Best Worst
likely farms  farms days days case case

Processing sites affected
- Company 1 6 10 3 10 6 2 15
- Company 2 3 3 2 3 3 1 3
- Company 3 6 6 2 6 3 1 6
- Percentiles (contained,

20%); (widespread, 80%) 4,6 4,8 2;3 4,8 3;5 1,2 41
Industry losses (million euro),
contained
- Dairy processing 8 8 4 34 1 0 34
- Pig slaughtering 9 9 4 37 1 0 37
- Poultry slaughtering 3 3 2 14 0 0 14
- Total per crisis 20 20 10 84 2 1 84
Industry losses (million euro),
widespread
- Dairy processing 12 16 6 67 1 1 92
- Pig slaughtering 13 17 6 73 2 1 101
- Poultry slaughtering 5 6 2 27 1 0 37
- Total per crisis 29 39 15 167 3 1 230
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A comparison between the best and worst case soestaows that ranges of affected processing sites
across observations are wider for the worst caseasm. This might be due to large companies hasging
high degree of specialisation across processieg,dinplying that a similar amount of contaminafteuns
affects relatively more processing sites in casa t#@frge company. Contained and widespread raoge fr

respectively 4 and 6 sites in the most likely scena 4 and 11 sites in the worst case scenario.

Results show that with regard to the number of ggsing sites affected the impact of moving frons les
farms to more farms is perceived to be larger tmawing from less days (i.e. 1 day) to more days (30
days). This all indicates that the number of faroositaminated has more impact on the number of
processing sites affected than the duration ofraacoination crisis. However, duration of a contaatiion
crisis has more impact on the industry losses itampare the losses of both contained and 80% mtdece
for more farms and more days. This is caused byctimulative effect on losses occurring when the

numbers of days is increased.

Expected direct losses are highest for pig slaugiggeompanies, i.e. 9 million euro and 13 milliearo in

the most likely scenarios, for contained and wideag@ scenarios figures respectively. Aggregateectir
losses per crisis, across branches, in the mostylikcenarios, are expected to be 20 million euro
(contained) and 29 million euro (widespread). Waeste scenarios outcomes are 84 million euro afd 23
million euro respectively. Differences across sc@sashow that from a loss perspective the numlber o

days of processing contaminated products is aalrtastor.

6.1.2 Index of company-specific losses

In Table 6.2 the direct losses for involved comparare presented in terms of an index. Total loases
indexed at 100 and the percentage of losses fotacomated and contaminated-mixed product are
compared to the total losses. Furthermore, the nikey scenario is indexed at 100 and alternative
scenarios are compared to this most likely scerfarceach industry. The company-specific losses are
calculated with the same estimations of expertprotessing companies for number of processing sites

affected (Table 6.1), but are further specifiechvebmpany-specific information (paragraph 5.3).
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Table 6.2: Company-specific direct losses (index).

Most More Less More Less Best  Worst
likely farms farms days days case case
Industry losses:
- Dairy processor 100 167 50 286 18 4 358
- Pig slaughterhouse 100 100 33 202 8 3 202
- Poultry slaughterhouse 100 100 67 219 20 7 219
Losses all industries
(total losses each scenario = 100):
- Contaminated products 7 18 1 12 8 2 37
- Contaminated mixed products 119 121 123 274 102 102 291
- Total losses corrected for products
already consumed 100 100 100 100 100 100 100
Index of total losses (most likely=100):
- Total losses corrected for products
already consumed 100 124 42 233 12 3 259

Largest losses occur in the worst case scenariallfordustries. Both pig and poultry slaughtertesibave
same losses in the more days and worst case sze(iadex of 202 and 219 respectively) as welloagHe
most likely and more farms scenarios (index of 00 both sectors). This shows that for involved
processors in the hog and broiler supply chainntmaber of farms affected does not affect size s§és
for these scenarios. In Table 6.1, only the mésfyiand more farms scenario, as well as the lags dnd
best case scenario, are in line with this, and émlycontained scenarios. Explanation for pig andlpy
slaughterhouses having relatively similar lossesh&t a relatively low number of contaminated farms
already implicate contamination of a large numldgrocessing sites. Even if more farms are contatash
this does not affect the losses at the processigsiries because the same number of processewisit
affected. Reasons are the interrelationship withénprocessing sites and the specialization adiffesent

processing sites within a company.

Similar duration of a crisis with either most likadr highest number of farms affected has no imfbgeon
the total losses. Only less farms affected showgldosses compared to the most likely scenaridofwh

has same duration but more farms affected).

Company-specific direct losses also show that tiariaver scenarios is the largest for the daincpssing

industry. Indexes vary from 4 (best case), to 38&¢t case) in this sector.

Losses of contaminated products contribute 1 t86 3@ the total losses. The influence of the sprafad
contaminated products within processing companges le obtained from this percentage. In the most
likely scenario value and losses are only 7% ofttit@l losses and this is 37% in the worst casaaso®
Remarkable is that in the worst case scenario,glisentage is the largest. This is caused byaige |

correction for products already consumed. Thearomtated products only cover 13% of the losseldf t

-43 -



correction for products already consumed is not ensd this scenario. The mixture of contaminated
products at processing sites account for the langag of the losses at the processing industregllev
Another example of this is the what-if scenaricsléams. In this scenario, contaminated producoarg
1% of the total losses of this scenario. Still sthéosses increase to 42% of the most likely saeivathe

processing stage of the supply chain.

Correction for products already consumed variemf29 (less days and best case scenario) to 191%
(worst case scenario). As can be obtained fromeTél#t, in scenarios with a duration of 30 days émor
days and worst case), there is a large correctiadenfor products already consumed. Total losses are
corrected for consumption for 174% (more days) Bl (worst case) respectively of the total logees
each scenario. This shows that a large share afupt® processed within these 30 days are already
consumed and cannot be considered as a loss anyifioige correction is obviously much lower in
scenarios with a 7 days (19% to 23%) and 1 daytidaré2%).

6.1.3. Reflection on results direct losses

Table 6.3: Estimated aggregated direct losses camupa company-specific direct losses (index).

Most More Less More Less Best Worst

likely farms farms days days case case
Estimated direct lossesntained 100 100 50 420 10 5 420
Estimated direct lossegdespread 100 134 52 576 10 3 793
Company-specific direct losses 100 124 42 233 12 3 259

In Table 6.3 estimated losses of aggregated avetiaget losses for contained and widespread saanari
are compared to the company-specific losses. Aflde are put in an index with the most likely sderaf

each approach set at 100.

Most likely scenario has an index of 100 representdsses of 20 and 29 million euro for containad a
widespread respectively. The worst case scendriheocompany-specific losses has an index of 259,
which is relatively low compared to estimated difesses of both the contained (indicating a los840
million euro) and widespread (indicating a los280 million euro) aggregated average direct losEbis.

is based on the index of 420 and 793 in the wast ccenario compared to the most likely scenahis.
large difference is caused by the company-speicifarmation included in Table 6.2. Main explanation

this difference is the correction for products athe consumed. With a duration of 30 days a siggmnific
amount of products processed at the beginning efwtbrst case scenario is already consumed. For the
estimated losses this correction is not made. Ehalso true for the more days scenario. In company
specific direct losses a correction of 174% and%94 made, which supports this explanation. If this

correction was not made, the index of the compg@®gific worst case scenarios would have been 743 ,
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which would have been more in line with the indeaksstimated direct losses of 420 (contained) 88l

(widespread) for the worst case scenario of ag¢eegaverage direct losses.

For scenarios besides more days and worst casarsrthe differences are smaller, which confirtreg t

the differences in more days and worst case san@rmainly caused by correction for consumption.

Reasons for (other) differences are likely to besed by company-specific reasons. Involved compganie

and sites can produce other products than an avemgpany and production site in the Netherlands.

In Table 6.4 the main parameters; number of comarad farms and duration contaminated products are
processed, are indexed. A comparison can be madedre the relative variation in outcomes of invalve
companies and the relative variation of parametdrene combines both Table 6.2 (total losses Balole

6.4 the influence of each parameter can be fughafied. The index of company-specific direct lgsise
taken here (not the aggregated average directslpgSempany-specific results better reflect thectical

situation at involved processing companies.

Table 6.4: Index of main parameters (most like,09).

Most More Less More Less Best  Worst
likely farms farms days days case case
- Number of contaminated farms
(all industries) 100 335 6 100 100 6 335
- Dairy processing 100 346 6 100 100 6 346
- Pig slaughtering 100 335 5 100 100 5 335
- Poultry slaughtering 100 335 6 100 010 6 335
- Number of days contaminated
product processed (all industries) 100 100 100 429 14 14 429
- Total losses corrected for products
already consumed (from Table 6.2) 100 124 42 233 12 3 259

The influence of e.g. an increase of at least 2ZBbfdex of 335) in the number of contaminated farms
compared to the increase of losses, which increadgsvith (on average) 24% in the more farms soena
for involved companies. Furthermore there is adardifference in the number of days contaminated
products are processed than the difference in numbérms contaminated. Number of contaminated
farms varies in a ratio of 6-100-335 respectivalyd duration varies in a ratio of 14-100-429 retpely,

in what-if scenarios. Total losses vary from 2 &9 2and show a lower variation than the underlying

parameters.
Furthermore, scenarios indicate that the numbettags contaminated products processed have a larger

effect on losses than the number of contaminatedstaHowever, Table 6.4 shows that variation in bem

of days is larger than the variation in contamiddsgms, which also should be taken into account.
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6.2 Indirect losses

Table 6.5 Parameters indirect losses’

Returd  Non-deliverabl®  Regaining markets Percentage of indirect losSes

Most likely scenario:

- Company 1 X - - 26%
- Company 2 X X x 291%
- Company 3 X X X 5%
Worst case scenario:

- Company 1 X - - 46%
- Company 2 X X x 531%
- Company 3 X X x 99%

x: Loss included in indirect losses for processiaompany

-: Loss not included in indirect losses for proa@g€ompany

A: Return of non-contaminated products

B: Products non-deliverable due to border closarescustomer suspension of purchases

C: Regaining (export) markets

D: Percentage of company-specific indirect lossgspared to company-specific direct losses

Table 6.5 shows experts have rather different opmabout the indirect losses that could occur. fizom
1 only expects losses due to return of non-contamachproducts at time of the contamination crigés
other two companies expect also losses due to betdsures or customer suspension of purchases and

regaining of export markets.

However, companies expect that for both scenanmst likely and worst case scenario, the same $osse
would occur. These losses are of a different sgalboth scenarios, but too company-specific to be
specified here. Table 6.6 gives more insight in cbenpany-specific result of indirect losses ands¢he
result and underlying parameters are explainedwb€elde index of direct vs. indirect losses are \uteg

averages of company-specific results on both typesses.

Table 6.6: Index of direct vs. indirect losses

Most Worst
likely case

Direct losses (=100) 100 100
Indirect losse's 34 105

A: Weighted average of direct and indirect compapgeific losses
Indirect losses are approximately 34% of the ditesses in the most likely scenario. In the woesdec
scenario this percentage is increased to 105%.imtlisates that in the worst case scenario indicsges

for processing companies tend to be higher thaditkeet losses.

Since direct losses in the worst case scenari@s8% of the most likely scenario (Table 6.2), t6&% of

indirect losses in the worst case scenario, refigiceven larger indirect losses than the 259% iwcd
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losses. Hence, indirect losses in the worst camsasio are larger than the 259% of company-spedifect

losses in the most likely scenario.

The main reason for the relative large differerioesstimated indirect losses is caused by the duraf a
contamination crisis. First of all, in the worstseascenario processing companies experience a large
duration of sales problems. Regaining export markedy also take longer. Another explanation for the
difference might be retailers who plan consumegaiais way in advance. In case of an animal feed
contamination and possible negative media expogetailers will not plan actions with, for example,
poultry meat. This might have large influence om #ales volume of a poultry slaughterhouse. This

influence will most probably become larger and éainghen a contamination crisis has a larger duratio

Furthermore, processing industries cannot adjuspeasty to varying market situations. Processing
companies face a constant stream of products @nitkeat) which is hard to adjust. Dairy farms heoes
who give milk constantly. Also for hog and broile&arms it is hard to adjust supply in case of a
contamination in animal feed with circulation ratfs3 and 7 per year respectively. Even broilemfar
have a production period of approximately 52 dagfote they can adjust to changing market situations
Furthermore, these 52 days only reflect the brddem stage and not e.g. the breeding stage aret oth

suppliers.

It also remains to be seen whether e.g. farmersusartheir production capacities for other purpdbes
the normal purpose. It is clear, that for scenamoghich borders are closed or customers do natt wa
products of certain processors, indirect losseshage. Products that are produced and processedagny
need to be sold to other markets for lower priaesigh-value products need to be transferred ioveel-
value products in order to get at least some mdoeit. Indirect losses tend to go up when duraibra
crisis is longer, both absolute as in comparisoth wirect losses. Especially since direct lossesalo
increase linear due to the correction for prodattsady consumed. This correction is larger fonades
with a larger duration of a crisis. In contradictiandirect losses do increase in scenarios witarger

duration.

6.3 Aggregation to chain losses

The processing direct and indirect losses are dintkealready known losses up to the farm and feed! |
(Van Asseldonk et al., 2006) to get an overall pietof the losses of the supply chain. Howeves thi
overall picture only covers the feed, farm and pssing stage of the supply chain. Other stages (e.g

retailers) are not covered. Furthermore, quantifisdes only relate to direct losses.
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Van Asseldonk et al. (2006) calculated losses ®hfillion euro in the most likely scenario with tarsdard
deviation of 6.5 million euro. This research estiedadirect losses at 20 million euro (contained) 28

million euro (widespread) in the most likely sceaar

In the most likely scenario, direct supply chaisses are estimated at 25-34 million euro (Tablg. 6.7
Results of the best case scenario and worst ca®grse show losses of one million euro and losses

between 102 and 248 million euro respectively.

Table 6.7: Overview of calculated scenarios andltgs

Most likely Best case Worst case
Scenario description
Number of contaminated farms 659 37 2210
e Dairy farms 199 11 688
 Hog farms 150 8 503
* Broiler farms 72 4 241
Duratiort* 7 1 30
Processing sites affectéd
» Contained 4 1 4
* Widespread 6 2 11
Direct supply chain losses (million euro)
Feed and farm level 5 0.2 18
Processing companies:
» Contained 20 1 84
*  Widespread 29 1 230
Total per crisis 25-34 1 102-248
Direct and indirect losses of processing
companies (indexy
Direct losses 100% 3% 259%
Indirect losse’s 34% - 105%

A: Number of days contaminated feed is producedramdber of days contaminated products are processed
B: Processing sites affected include dairy proogsig slaughterhouses and broiler slaughterhounse}

C: At feed level: salvage costs — At farm levelsttigction of livestock, business interruption amodvgh disruption
D: Indexes are based on company-specific data fwesigaverage, n=3)

E: Expressed in % of direct losses

Quantified aggregated supply chain losses include:
- Salvage costs (feed level)
- Losses arising from growth disruption, losses aased with a standstill period and destruction of

livestock (farm level)

- Direct losses as defined for this research (praogdsvel)
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7 — Conclusions and discussion
7.1 Conclusions

Conclusions about the literature review on suppigiic losses of recent contamination crises, average
direct losses on the processing lévak well as company-specific direend indirect losses are presented
in this chapter. Direct and indirect losses refteet calculations of the different scenarios depetbin this

research.

Literature
Recent feed contamination crises have shown aggegapply chain losses between 0 and 132 million
euro. However, many losses are either not knovall ar not quantified. Furthermore, losses canrofiet

be allocated to loss types, sectors or supply citaiges.

Direct losses

Scenarios of this research show average direadoms the processing level of 20 million euro (aored)
and 29 million euro (widespread) in the most liketgnario. Best case and worst case scenario sisses|

of 1 million euro (both contained and widespreaa) 84 (contained) and 230 million euro (widespread)

respectively.

Company-specific direct losses show best case, iikety and worst case scenario losses in a ratio o
3:100:259, showing that company-specific direcséssin the worst case scenario are 159% largeritthan

the most likely scenario.

The parameter number of farms contaminated habigiiest influence on the number of processing sites
contaminated. However, the duration of a crisitugrices the size of the losses for processing coiepa

more.

Indirect losses

Indirect losses are large and increasing when idaratf a crisis increases. In the most likely sceEnthe
ratio of company-specific direct losses vs. indilesses is 100:34. In the worst case scenariordtiis is
100:105. It shows that the company-specific indilesses are larger than the company-specific direc

losses in the worst case scenario.

1 Average direct losses on the processing levelidtehalue of contaminated products
2 Company-specific direct losses include value oftaminated products and destruction costs...
3 Company-specific indirect losses include returpeatiucts, decreased demand and regaining expoketsar
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Aggregation to supply chain losses (feed, farm and processing stage).

An estimation of supply chain losses, including teed, the farm and the processing stage of thd foo
supply chain, show losses between 25 and 34 miliow in the most likely scenario of this reseaist
case and worst case scenario show losses of bméliro and losses between 102 and 248 million euro
respectively. Losses include the feed I&véhhe farm leveéd, and the first processing le%edf the food

supply chain.

7.2 Discussion

Quantified losses cannot be equated with losses of involved processing companies.

This research’ objective is to increase the tramspay of processing industries losses with regard t
contamination in animal feed. However, company-gjgelosses are presented on an index scale. Ryblic
available information on processing sites, combinéti expert information on the number of procegsin
sites affected, lead to quantified losses on tlegssing industry level. Yet, quantified losses sahbe

equated with losses of involved processing comsanie

Duration of a crisisin practice might be different from calculated scenarios.

Duration of a crisis is in this research is defiresl the period in which contaminated products are
processed. In practice, one could argue if a caniion crisis in which product are processed ftireg 1,

7 or 30 days could occur. Furthermore, the totaatiln of a contamination crisis exist of more tliaa
days in which contaminated products are processbd dherefore, duration of a contamination crigs,
practice, might even be longer than the 30 dayhefvorst case scenario of this research. Howavehjs
research, it is assumed that, at the first proogsstiage of the food supply chain, contaminatedywsts are

processed in these 30 days for the worst caserszena

Probability of occurrence of a contamination crisis.

This research has not investigated the probalgfityccurrence of each of the scenarios. The préibabf
occurrence of the most likely scenario of onceive ffears (most likely scenario of Van Asseldonlalet
2006), is based on compound feed production inN&therlands and has not been further investigated.
Furthermore, from 1999 up until now, six animaldegises (in both compound and wet feed sectorg hav

occurred. Quantified aggregated supply chain logkdsese crises varied from 0 to 132 million euro.

4 Salvage costs
S Losses arising from growth disruption, losses eissed with a standstill period and destructiofivastock
6 Direct losses as defined for this research
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Impact of type and size of feed companies on supply chain losses.

The impact of type and size of feed companies bav@en researched in depth. Parameters on nurhber o
contaminated primary producers and processing sitesnot linked to different types and size of feed
producers has not been connected to different sosn&cenarios implicate that contaminations arev
small animal feed companies may lead to large oaséhe processing industry level. In scenaridh few
contaminated farms, losses still approach halheflosses of the most likely scenario. Furthermibris,

not clear whether different types and size of feeohpanies lead to different scenarios and correpgn
losses. In addition, it may depend on size of petida location, origin of the contamination (raw tewal

or contamination at site) as well as area a gebigabconcentration of feed producers whether aizé

type of feed companies lead to varying losseseapthcessing industry level.

7.3 Recommendations for further research

Liability for mixed-contaminated products.

Losses of first processing industries have beerpetiin this research. Furthermore, the large infieeof

the spread of contaminated products and corresporndsses within processing companies is determined
Further research could focus on the question whethmpound and wet feed producers are liable fer th
large spread of their products by processing comgdanrther along the chain. The same questionieppl
to primary producers. Up until now it is not cleanether feed producers are fully liable for contaaed
products they deliver. At the processing stage aroitated products are mixed with non-contaminated
products and corresponding losses are increasedifeof this. Remaining question is who is lialde f
this mixture; feed suppliers and farmers, who debd the initial contaminated product stream or

processing companies, who spread the contaminaitbim their own company.

Risk profile for individual feed companies.

Risk profiles for individual feed companies migle &another focus for additional research. It migtof
interest to investigate what the influence of tyygetand size of feed companies is on the risk lerafith
regard to an animal feed contamination. In theudision, this is already reviewed. Issues on typieed
company (e.g. compound feed vs. wet feed), sizeaama of delivery (geographical distribution) midpat

interesting topics of further research.

Foecification of average supply chain losses to individual processing companies.

An estimation of average supply chain losses apéaslly losses on the processing stage of thelgupp
chain is presented in this research. To gain furihgght to losses of individual processing compan
quantified company-specific losses should be pteseinstead of an index. Furthermore, since diaeck

indirect company-specific losses are rather differbetween companies. By presenting quantified
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company-specific direct and indirect losses, momadparency about supply chain losses will be péthi
This would give important information for both feptbducers as farms on the amount they shouldensur

their selves for specific supply chains.
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Appendix 1 — Literature review on recent livestockepidemic crises

Swine fever 1997

In February 1997 there was a classical swine feudireak in The Netherlands. Because of this eprdem
the amount of pigs in The Netherlands decreased &oout 14 million to 11.4 million (Agrarisch Daghl,
1998-a). The production of hogs decreased with 85%4 million ton in 1997 (Volkskrant, 1998).

For almost half a year it was prohibited to breegs pThis prohibition was later declared illegabahe
Ministry of Agriculture later compensated losses g breeders for several dozens of millions. Tdtal
amount of this compensation is never specified, ih& compensation consisted of an amount of

approximately 170 euro per sow (Agrarisch Dagh20)3).

Foot and mouth disease 2001

On March 21, 2001 foot and mouth disease was désedvin The Netherlands at a farm in Olst. A
standstill for transport from, in and to The Nethrds for amongst others cattle, pigs and poultag w
declared on the same day. A number of 26 farms vedfiected with foot and mouth disease. On
approximately 2600 farms a total of 260.000 animadse destroyed (Ministry of Agriculture, 2001-a;
Ministry of Agriculture, 2001-b).

Avian influenza 2003
In February 2003 avian influenza was discoveretia Netherlands. At 255 locations avian influenzesw
determined. All animals of all locations were degéd. In addition animals of 1094 locations were

destroyed preventively. Therefore a total of 30ilfian animals were destroyed (Agriholland, 2007-a)

Blue tongue 2006

In August 2006 the livestock epidemic blue tong@s wiscovered in The Netherlands. After severas dtay
appeared that the virus affected over 10 compahidetal of 456 farms were affected with blue toagu
(Agriholland, 2007-b). In 2007 blue tongue was did at over 6442 farms in The Netherlands. Sheep a
present at 3241 of these farms; cows are pres&id# of these affected farms (Agrarisch Dagbl@982
Boerderij, 2007-b).

Supply chain losses of recent livestock epidemics
Swine fever 1997
In the pig sector 8000 jobs were lost as a congaguef the swine fever, 13% of employment beforimew

fever. About 2500 jobs were lost at farm level adlwas 600 jobs in the processing industry. Becadise
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swine fever the production value of the Dutch madustry was limited in 1997 and decreased by 908

million euro in comparison with 1996 (Volkskran998).

Losses of the swine fever in 1997 are estimatédbétion guilders, approximately 1,36 billion euddore
than 50% of this amount was spent to buy-up conaigns to primary producers and about 190 million

euro was spent on implementation (Agrarisch Dagl889).

The outbreak of swine fever in 1997 had radicalseguences for meat processing companies. Nine
slaughterhouses were closed and purchase pricegrdoessing companies went up with 50%. Dutch
consumers did not reacted heavily on the outbréakvime fever; consumption decreased with 20%rat, fi

but was back at the average level in 2 months. &férer also did not worsened the image of pig meat
among Dutch consumers. Although the image of Dpighfarming got worse, Dutch consumers did not
link this to consumption of meat (Product Boardlfoarestock, Meat and Eggs, 1998; VTM, 1997).

Pig processor Dumeco made a profit of 13,6 milkamo in 1997, a growth of 63% in comparison with
1996. However, turnover decreased with 17% becafisavine fever. The lower turnover was mainly
caused by the lower supply of hogs. This was cadseithg the time it was prohibited to breed pigs fo
almost half a year (Agrarisch Dagblad, 1998-b).

Foot and mouth disease 2001

The Dutch Bureau for Economic Policy Analysis estied losses of the 2001 foot and mouth disease
outbreak in The Netherlands at 2,8 billion guildeagproximately 1,27 billion euro. Losses consistéd
545 million euro for the agricultural sector andpagximately 500 million euro for other supply chain
partners (feed and processing sector). Other lagses not related to the supply chain, for exanhpéses

of the leisure industry (CPB, 2001).

According to the dairy product board, foot and nhodisease hardly influenced the international dairy
market in 2001 (Dairy Product Board, 2002). Cowstras Russia, China, Australia and New Zealand
however, blocked the import of Dutch dairy produfcts over a week (Agrarisch Dagblad, 2001). Dairy
processors Campina and Friesland Coberco Dairy -oeported lower profits in 2001 because of the

FMD-crisis of 7 million euro and 8 million euro pectively (Campina, 2002; FDCF, 2002).

The FMD-crisis also influenced the sales of slaadiduses. A reduction of 20% in sales occurred &y M
2001. Sales on foreign markets even decreased3@fthin that month (CBS, 2001).
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Avian influenza 2003

Direct losses of affected farmers were estimat&D@tmillion euro. This amount did not include lesslue
to a standstill in production. Indirect losses aesult of lower prices are estimated at 500 nmilleuro.
Losses after the epidemic in order to recover markee not specified, but are estimated at hundoéds

millions euro (Saatkamp, 2006).

Blue tongue 2006

According to the Dutch Federation of AgriculturedaHorticulture and according to the cattle export
company Veepro-Holland an export ban on living adgrcould cause losses of 20 million euro if itdas
for 2 months. Yearly export of living animals is-Z00 million euro (Agriholland, 2007-b) Becauseeaof
ban on the export of living animals 10% less bnegdinimals were exported in 2006 (Reformatorisch
Dagblad, 2006).

Losses of the 2006 blue tongue crisis are estimaités8 million euro including losses due to the akp
ban. Losses of blue tongue in 2007 are estimatéd anillion euro (LTO, 2007).

Table Al1.1: Supply chain losses recent livestocierpics.

Feed Farm Processing Other Total
industries
Swine fever 1997 >27,2 Lower turnovet 1360
Foot and mouth disease 2001 540 500 supply chaih 127¢
Avian influenza 2003 800 Regaining export 800"
market§
Blue tongue 2006 53¢

A: Buy-up compensations.

B: 17% lower turnover of Dumeco.

C: Reported total losses.

D: 500 million euro related to losses for the sypgiain apart from the farm level.
E: Estimated at hundreds of millions euro.

F: Own estimation based on found literature.

G: Losses in 2007 due to blue tongue are estinait8d million euro.

Table Al.2: Direct and indirect losses of procegsnuustries per sector in previous livestock epiits.

Direct losses Indirect losses
Dairy Pig Poultry Dairy Pig Poultry
Livestock epidemics crises
Swine fever 1997 >27, 2%
Foot and mouth disease 2001 158
Avian influenza 2003 300 500

A: Buy-up compensations.
B: Lower profits of dairy processors Campina angs$tand Coberco Dairy Foods.
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