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Abstract

There has been agrowing interest
forissues regarding product chains
lately, because optimization of the
processes of businesses involved
results in increased efficiency and
new opportunities forthe product
environment. Six departments of
Wageningen Agricultural University
are participating in a research pro-
gramme on technical and organiza-
tional management of product
chains. This paper provides an in-
troduction to this research pro-
gramme and focuses on the essen-
tial role ofinformation systems.
This role is illustrated for the per-
spectives of the disciplines agricul-
tural engineering, computer sci-
ence, management studies and
mathematics. In four cases it is de-
picted how these disciplines con-
tribute to the research regarding op-
timization of product chains.

Keywords: agricultural product
chains, simulation models, business
engineering, computer aided logis-
tics, decision support.

Introduction

Currently, many organizational changes
are taking place and new strategic direc-
tions are emerging in the field of agricul-
tural production, processing and distribu-
tion. Some of the main issues are higher
quality demands of products, shorter prod-
uct life cycles and broader assortments of
products. Combined with typical charac-
teristics of the agricultural production
process: e.g. perishability of products,
varying quality of products, seasonal sup-
ply of raw materials and the diverging
product flow, this makes new demands on
businesses in the production of food
(Trienekens, 1993). Also societal con-
straints and requirements are imposed on
economic activities to ensure minimal
waste, to restrict pollution and to ecoro-
mize on the use of resources.

An agricultural product chain is a chain of
businesses involved in the production of
agri-products: from the production of pri-
mary raw materials via the processing of
(one or more) semi-finished products to-
wards the production and distribution of
products for the end-consumer. Figure 1
represents the most important processes,
the divergence of the product range and in-
formation systems for the collaborating ac-
tors. It should be noted that the informa-
tionmay flow in two directions, thus em-
phasizing that information from consum-
ersmay give feedback to the lower units of
the chain. Both the animal and the vegeta-
ble production is included.

Wageningen Agricultural University con-
centrates its activities on the Life- and En-
vironmental sciences, but does so in an in-
tegrated and broad way. The term agricul-
ture has always been interpreted very
broadly, itincludes the whole chain of ac-
tivities involved in obtaining sufficient
food of good quality.

Developments as described above require
an integral approach with respect to verti-
cal integration in function areas such as
management, production technology, in-
formation systems and logistics. In addi-
tion, this asks for integral management
and control of the product chain. The re-
search approach is necessarily interdisci-
plinary as well as disciplinary. From the
interdisciplinary point of view the aim of
the research s to contribute to the develop-
ment of practical solutions to management
and/or control problems of organizations
inthe chain. Thisrequires the synthesis of
applicable disciplinary contributions with
respect to methods, tools and techniques
(Meijs 1994a). From the disciplinary
point of view, therefore, the aim is at the
development of applicable methods, tools
and techniques that are required to solve
the practical problems.

Information systems and
product chain models

——

With the rapid evolution of infor-
mation technology new challenges and
new opportunities arise. The traditional in-
ternal focus of information systems has ex-
panded with the proliferation of data- and
telecommunication technologies. Organi-



Figure 1 - The agricultural product chain
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zations are now integrating applications
and expanding the systems, thereby con-
necting them to entities beyond the
boundaries of the organization.

A major field of our research programme
isrelated to the development of models to
describe and analyse information systems
in agricultural product chains. In this pa-
per the development of these models is the
key issue. We can distinguish two goals
for product chain models:

s Models for analysis: the purpose of the
analysis is to increase understanding
of the chain, based on analysis of prob-
lems and opportunities in the current
business/chain situation, followed by
the identification of changes to busi-
ness/chain activities;

m Models for design: the models contain
normative elements, suggesting that in
the future new business functions are
required. Design activities are the op-
posite of analysis activities, because
the farmer should ultimately introduce
systems to be realized. (Re)design of
an entire chain is rather ambitious,
therefore design usually means design
of part of the chain.

Chains in the produc-
tion of biomass crops

Introduction

" Inordertoachieve optimization of
production systems in primary production
there is a need for information that is to the
pointand quantitatively correct. The infor-
mation has to be made easily available
through Management Information Sys-

tems.

InEurope much research on biomass
crops has recently been started. Biomass
crops are, high-yielding crops that can be
used for production of energy, building
materials, as pulp for paper and packaging
materials and for other bulk, non-food
products. In general, the research is con-
cerned with new crops such as Miscan-
thus, Arundo donax, but also very old
crops such as hemp are again investigated.
The production chains of these crops have
to be developed from scratch. A Dutchre-
search programme on hemp for fibres has
justbeen finished and with the support of
two EU projects now research on Miscan-
thus has been started by the Department of
Agricultural Engineering and Physics.
This crop will serve here as an example.

Miscanthus is a perennial C4-grass which
originates in East Asia. In Denmark a
clone with a high productivity (10 -20 ton
dry matter per ha) was recognized, called
Miscanthus sinensis *Giganteus’ hort. The
crop canreach a length of 3 metres and
looks like reed and bamboo (Huisman,
1994).

The optimization of the production chain
is complex because there is a large number
of relevant production chains as defined
by the application of the product. In addi-
tion, there is a large number of parameters
that have to be taken into account such as:
cost, capacity, energy consumption, time-
dependant losses, quality and density of
the product. All of these parameters de-
pend largely on the weather conditions
during harvesting time in spring. This de-
pendence has to beknown quantitatively.
Because of the variation in weather condi-
tions over the years, calculations based
upon conditions of one year are not suffi-
cient, but field research over many years
takes too much time. An attractive method
to solve this problem is to define the rela-
tions in models which have meterological
data as inputs and to calculate the above-
mentioned parameter values by simulation
using input data from many years. The me-
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Figure 2 - Dependence of harvest window on crop moisture content and

shoot development of Miscanthus
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The objective of this research was to de-
velop a general method for calculating
costs of harvesting, storage and transport
as parts of the production chain, taking
into account the application of the pro-
duct, crop and soil characteristics and his-
torical, local meteorological data. The
method is developed and applied here for
Miscanthus but is set up in a general way
so thatit can be applied to other (biomass)
crops, the data of which are notavailable.

Method

T Harvesting Miscanthus takes place
between January and May because in that
period moisture content in the crop has de-
creased to such a level that the crop can be
stored. For long storage the moisture con-
tent needs to be about 15 %, but fora
shorter period preceding drying, it may be
higher. The rate of decrease depends on
weather conditions (temperature, precipi-
tation, radiation and wind). When a spe-
cific moisture content (threshold), as de-
fined by the requirements of a specific pro-
duction chain, isreached, harvesting can
be started (tbegin) and continued until the
threshold is crossed again (see Fig 2).

The threshold level depends on the har-
vesting, storage and processing method.
Also other criteria will effectthe start and
end of the workable period. {Criterium
(n,m),n=1,2,3; m=1,..,n}. (Portiek, 1977)

The period of harvesting between tyegin
and tend is called the *harvest window’, It
shows the workability for the harvest. The
smaller the workability, the higher the ma-
chine costs because of the need for larger
machine capacity to finish in time. Drying
costs depend on the moisture content of
harvested material which depends on the
chosen threshold but also on the harvested
new shoots.

Fig. 3 showsthe overall model needed for
the calculation of the costs of logistics of
harvesting, storage and transport of Mis-
canthus. Bij using historical weather data,
the models can calculate historical crop or
soil characteristics. With these data the
workability and thus costs can be calcu-
lated for the various local weather condi-
tions. Under the assumption that there is
no climate change, the future workability
can be statistically described. The model
for drying in storage is needed to predict
the possibilities of drying by natural venti-
lation and the costs of artificial drying.

The output is entered into a database from
which the statistics related to the simu-
lated years of the criteria for selection of
production chain can be calculated.

Information Architec-
tures for Electronic
Markets

Introduction

— Nowadays we see that the client-

server architecture is increasingly being

incorporated into information systems as

itmoves toward the support of distribu-

tion. But we can also notice some hurdles

for decentralized information systems:

m lack of policies and procedures;

m  difficulty in integrating supposedly
open systems;

m increase of the complexity to delevop
decentralized systems.

An auction is an important part of the prod-
uctchain, collecting the supply of fruit,
vegetables, plants and flowers from the
growers. Every day the fresh products are
sold atthe auction to commission mer-
chants, exporters and retailers. The auc-
tion follows the dropping price pattern.
The auctioneer starts with a high order
price. He then calls hypothetical prices on
adownward scale. This is mostly done
electronically by using the so-called
Dutceh clocks. Itis the task of the auction-
eer to open atan adequate price level. Fig.
4 depictsthe essential components of the
computer infrastructure:

m Electronic auction clocks connected to
areal-time computer and to the press
buttons of the buyers at the stands of
the auction room. In the middle of the
clocks in the auction room for fruit and
vegetables, you can see an electronic
display, indicating the essential infor-
mation of the present transaction
(number of the supplier, product code,
quality, quantity, price);

m  Network (ethernet) for the transport of

the clock-transactions to the comput-

ersystems for the business administra-
tiom;

= Databases for storing actual and his-

torical data;




m  Workstations and personal computers
are available for on-line information
for the administrators and managers at
the different departments.

Itisthe potential speed of the Dutch auc-
tion that allows numerous items to be sold
in ashorttime. This is an important aspect
if the goods to be sold are perishable.

In connection with a newly formulated
business plan, where more responsibility
for the workprocesses was delegated to the
operational personnel, an information
planning study was conducted at an auc-
tion with a turnover of Dl 100 million and
with 200 employees and more than 1000
businessrelations. The construction of an
information architecture for an auction of
fruit and vegetable is described in the next
section.

Method: building information
architectures

Information planning is a decision-
making process, in which management of
the auction and representatives of growers
and trade give direction to the develop-
mentof the information systems. This con-
cerns the formulation of an information
strategy and information plan, the latter
containing information architectures with
priority lists for the implementation of in-
formation systems. The planning of infor-
mation systems takes place within the con-
text of other forms of planning practised
within the auction. If business functions,
data and decisions or other aspects can be
defined in a stable manmner for a given line
of business, this will lead to the definition
of information architectures. The result-
ing information architectures are repre-
sented by means of natural language de-
scriptions, charts, matrices and various
other diagrams. The systems architecture
included:

m  relation information systems;
m  market systems including subsystems
for cash and carry, mediation.

Inthe coming years the distribution of
electronic information over multiple sites
that are interconnected via a communica-
tion network will continue.

Figure 3 - Model for calculation of total costs
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Especially the introduction of decentral-
ized database systems offers new possibili-
ties. Some prerequisites for the DBMS
software that enables the construction of
decentralized database applications are:

m the ability to access remote sites and
transmit transactions to various sites
via the communication network;

m o keep track of the data distribution
and replication;

m the ability to maintain the consistency
of copies of replicated data items;

m theability to develop execution strate-
gies for transactions that access data
from more than one site.

Results

Asis often the case with planning in gen-
eral, the most critical part of the process is
putting the plan into practice. To avoid
that costly information plans stay on the
shelf (and gather dust), special attention
should be paid to implementation via spe-
cific system development projects
(Uijttenbroek, 1992). The payoff for creat-
ing information architectures is in the sys-
tem development process. Potential advan-
tage of applying these decentralized

database systems, practising ate.g. an auc-

tion includes the following:

m  Supporting the decentralized nature of
applications, e.g. data concerning the
cold-storage space is stored in the mi-
cro-processor controlling the tempera-
ture of the spaces and products, while
theresults of financial transactions for
the stored products will be kept at the
grower’s office. Other examples may
refer to the tracking and tracing of
processed food products along the
product chain;

m Increasedreliability. The failure of
one single site does not mean that the
whole system goes down (asis the
caseina centralized system);

m Improving the availability of data and
software. Replication of data and to al-
low the growers to access data atre-
mote sites in the auctionhall, increases
the availability and capacity to proc-
ess;

m Decentralized systems enable a flex-
ible evolution of systems, also by add-
ing and removing data processing ca-
pacity in accordance with expansion
orreduction of the domain.
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Figure 4 - Computer infrastructure of the auction
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Itis becoming accepted that a key to suc-
cessful strategy lies in the alignment of the
various architectures (Meijs, 1994b). In-
formation systems enable the business to
be more competitive. Therefore, re-engi-
neering of the processes is necessary
(Meijs 1994c).

Models for Logistics
and Information
systems in food
product chains

Introduction

" Thefieldof management studies
approaches problems in businesses from
several interrelated perspectives, e.g. in-
formation systems, logistics, business eco-
nomics, quality assurance, etc. The per-
spective of management studies on prod-
uctchains therefore is an interdisciplinary
one. In this case we will look into the re-
search fields of logistics and information
systems. As shown in the introduction of
this paper, optimization of the logistic and
informational infrastructures of enter-
prises in chains is crucial for being com-

petitive on the changing market of the in-
dustry.

Related to this objective, our research
aims at the development of models that de-
scribe, analyse and improve the interre-
lated flows of goods and information
throughout product chains,

Method

" Ourresearch project consists of
several interrelated sub-projects which are
described below.

One of the main areas for attention is
analysis of the research field: agro-indus-
try and product chains. This research has
led, until now, to some specific charac-
teristics of agricultural product chains. Es-
pecially uncertainty in supply, dynamics
in both the production materials and the
production process and the divergent
structure of the product flow (see Fig-

ure 1) make agricultural product chains
ditferent from other product chains. In pro-
Jects concerning chain analysis or chain
(re)design special attention has to be paid

to the dynamics and uncertainty within the
flow of goods.

Analysis of the goods of (companies in)
different types of product chains is a sec-
ond area for attention. Companies in dis-
tinct chains often vary in their objectives
of collaboration. Mostly these are aimed at
lower costs, better (unique) product qual-
ity and/or better delivery conditions.
These goals determine in fact the way busi-
nesses work together. An example is the
Dutch pork chain in which the search fora
new and unique product has led to collabo-
ration in the field of guaranteed product
characteristics (including some process
characteristics) and the exchange of prod-
uctand process data. Also a chain organi-
zation has been established to develop
standards and to control the intercompany
agreements. Until now more than 12% of
all Dutch pigs have entered/fall under a
collaboration programme which covers
the biggest part of the chain; in the near fu-
ture this is expected to be more than 50%.
Figure 5 presents an impression of the
pork chain.
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In this figure we see a key role for the con-
sumer, the chain participants (stock-
breeder, pigfarmer, slaughterhouse, trad-
ersand retail trade), the flow of goods and
information upstream and downstream
and the chain organization. The chain or-
ganization covers all participants in the
chain except the retail trade and the con-
sumer. For the sake of clarity the produc-
tion processes and production capacities
of the chain participants are not included
in the figure,

Given certain goals of (companies in) the
agricultural product chain we have to dis-
tinguish between products, production
processes, production capacities on the
one hand and relevant management proc-
esses on the other; these processes are of
importance for explaining the behaviour
of the flow of goods and information in ag-
ricultural product chains. Research
(Beers, 1994) indicates that primary (pro-
duct-oriented) processes in the chain are
the mostimportant ones with regard to
chain collaboration. Other processes are,
withrespect to product chain research,

only relevant in the way they contribute di-
rectly to the production processes.

Another research project aims at develo-
ping methods for describing and model-
ling product chains, We search for an inte-
gration of methods regarding the flow of
goods in product chains and methods re-
garding information systems. For the in~
formation systems component we are look-
ing for methods that describe and model
data, processes and comumunication net-
works. For the logistics component we
look for methods that describe and model
the production processes in the chain, the
structure of tlhe transactions between
chain participants, management of capaci-
ties (aggregate plaming and control) and
management of the flow of goods (detail
planning and control) in the chain, and re-
lations between enterprise and chain man-
agement. These different perspectives
must be studied in an interrelated way.
This is in fact the central part of the re-
search, which must lead to a method that
describes and models the flows of goods

and information in the chain.

When we succeed in developing models
for analysing agricultural product chains,
projects can be started to improve the
flows of goods and information in chains
in practice. In fact these will be chain
(re)designing projects.

The several research projects as described
above are in progress.

Recycling of slaughter
by-products

Introduction

T Any type of industrial processing
creates waste (by-products and pollution).
Meat production and processing is no ex-
ception to this general rule. The main ob-
jective of meat production is to produce
food for the consumer and anything else
leaving the slaughterhouse or meat-pack-
aging plant may be qualified as by-prod-
ucts or waste. If these are not dealt with
and disposed of properly they may create
pollution problems (Urlings, 1992).
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In this section the outlines are sketched of
a prototype-mathematical-model to trace
the optimal processing configuration of
these slaughter by-products for animal nu-
trition. The model focuses on optimization
of economic and technological factors
within environmental restrictions and vet-
erinary assumptions and legislation. The
current processing strategies are com-
pared with alternative innovative ways of
processing. The model includes both pro-
cess-integrated and end-of-pipe measures
to meet environmental objectives. Invest-
ments, operational costs, quality develop-
ment, product values and environmental
loads are dealt with in a so-called mixed in-
teger linear programming model, a com-
mon way of modelling in Operations Re-
search. This model has been developed in
cooperation with the Faculty of Veterinary
Sciences of the University of Utrecht.

Modeling

" With vertical integration it is possi-
ble to improve the efficiency and effectiv-
ity in the chain of slaughter by-products.
The total efficiency and effectivity can be
improved by certain efforts that will give
lhigher product quality and reduced envi-
ronmental costs.

A mathematical model (of so-called mixed
integer linear programming model) was
built. In this model the disposal and up-
grading of slaughter by-products can be
optimized. Costs of energy, environ-
mental costs and restrictions, durable in-
vestments, and labour are incorporated in
the model. Also the product quality and
value have been taken into account.

The mode] aimes at being a tool that repre-
sents the slaughter by-product business,
and that finds and evaluates optimal proc-
essing strategies for these products. Main
goal was to compare the current central
large-scale rendering with decentral proc-
essing at the source (of arelatively small
scale), at the slaughterhouse, at different
ways of sorting the by-products, and dif-
ferent storage methods.

If the by-products are treated immediately
after slaughtering, then the highest nutri-
tional value can be preserved, with a lower

disintegration of the best amino and fatty
acids. This means some logistical flexibil-
ity, fewer environmental costs, a more
valuable product, a different energy con-
sumption, changes in processing costs,
and shitts of the processing costs within
the chain. The modelling of these cost-
and benefitidentifiers canresultin valu-
able management support for future strate-
gic decisions concerning chain structure.

Itis expected that in the future a full chain
analysis to optimize all aspects of disposal
and upgrading of slaughter by-products is
necessary to take strategic decisions re-
garding this subject.

Conclusions and
further research

In this paper an overview of the research
programme on chain management was pre-
sented. The essential role of information
systems research for the optimization of
the product chains was shown by 4 cases
trom the broad research field of the six dis-
ciplines involved in the research pro-
gramume. The importance of research on
product chain is underlined by the fact that
also at other universities in the Nether-
lands research projects regarding product
chains have recently been started.

However, still some important questions

remain:

a  Definition questions: with regard to
the definition of product chains as re-
lated to e.g. (large) businesses, net-
works of businesses; the definition of
chain participants; etc;

m  Questions withregard to the integral
development of models for purpose of
chain analyses and chain (re)design;

m  Questions withregard to the develop-
ment of a framework for product chain
modelling; a framework which could
form a basis for the different disci-
plines participating in the research pro-
gramme.

Further research has to deal with these
questions.

References

BEERS G., BEULENS A.I.M. and I.H.
TRIENEKENS (1994).
Global reference information models for
product chains in agriculture, a case of
comparing apples and oranges. Proc. le
Int. Conf. On Agri-Chain Management.
Wageningen.

HUISMAN W. and W.J.KORTLEVE (1994).
Mechanization of harvest and conservation
of miscanthus sinensis giganteus.
Accepted by Industrial crops and products.

MEIIS C. (1994a).
Principles of reference models and the
linking to object oriented systems. in:
Information and communcation
technologies in Tourism. p. 244-254.
Springer Verlag, Wien.

MEIJS C. (1994b).
Information systems architectures,
creating links with I'T. Proc. 1st Int. conf.
on AGRI-chain management. Wageningen.

MEIJS C. (1994c¢).
Towards electronic markets for the next
millenium of the horticulture product
chain, in: electronic markets.

PORTIEK J.H. (1977).
Workable time and the weather, Research
report 77-6 Institute of Agricultural
Engineering, Wageningen, The
Netherlands.

TRIENEKENS J.H. and I.J.M. TRIENEKENS

(1993).
Information systems for production
management in the food processing
industry. Proc. IFIP TC5/WGS.7 5e Int.
Conf. on Advances in Production
Management Systems- APMS *93. Athens,
Greece.

UIUTTEBROEX A., ANTHONISSE P., MEIJS
Chr., VERDOES B. (1992).
Principles of Project Management. Cap
gemini publishing.

URLINGS, H.A.P. (1992).
Fermentation of Animal By-products:
Microbiological aspects of processing,
epidemiology and animal nutrition,
dissertation VVDO, Utrecht.

WINSTON, W.L. (1991).

Operations Research Applications and
Algorithms Second Edition, Thomas
Information/Publishing.




