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Abstract 

V 

Information Logistics in Agri-Food Supply Networks 

Integrated Framework for Business Information Services 

Agri-food enterprises are challenged by a multitude of complexities. The globalisation and 

increasing international competition in the food sector, the high degree of small- and me-

dium-sized enterprises, as well as national and cross-national food crises and related uncer-

tainties for consumers and agri-food enterprises lead to different public and private require-

ments. Transparency on products and inter-enterprise processes has become an important 

factor for competitiveness and trust in agri-food enterprises and their provided products. The 

provision of product- and process-related information for the timely discovery of critical 

situations in the distribution process requires the efficient organisation and coordination of 

inter-enterprise communication in order to react to these situations directly and effectively. 

Transparency, in respect to the shared understanding and undistorted access to product- and 

process-related information, represents an unresolved challenge for the organisation of inter-

enterprise communication of relevant information.  

The objective of this thesis is to formulate a generic framework for the development of busi-

ness information services, which connect distributed information sources at agri-food enter-

prises along the supply network, to provide relevant information to stakeholders to meet 

their information needs. Within this framework, generic service alternatives for static and dy-

namically changing information, service activation patterns matching the organisational 

needs of business interactions, as well as supportive technology components are described 

to establish this connection. The framework is applied to an application case concentrating 

on the fresh- fruit and vegetable supply network. Within this application case, three service 

alternatives are elaborated out of different identified information needs with the objective to 

provide decentralised stored product-quality and process-related information to users in or-

der to identify deficient products or other critical issues in the distribution process. These 

services are developed in different levels of technology. An economic decision model is pro-

vided for the selection and adoption of technology related to these technology levels based 

on a generic cost-benefit-analysis and the consideration of the company’s general ability to 

adopt new technology. The thesis closes with a discussion of different key requirements for 

the adoption of business information services in the food sector. 
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Informationslogistik in Netzwerken der Agrar- und Ernährungsindustrie 

Ein integriertes Konzept für unternehmensübergreifende Informationsdienste 

 

Unternehmen der Agrar- und Lebensmittelindustrie stehen komplexen Herausforderungen 

gegenüber, die sich aus der Globalisierung des Lebensmittelsektors sowie der zunehmenden 

Konzentrierung des Wettbewerbs ergeben. Zusätzlich führen nationale und internationale 

Krisen innerhalb des Lebensmittelsektors zu Unsicherheiten für Konsumenten und Unter-

nehmen gleichermaßen. Unternehmen im Lebensmittelsektor müssen eine Vielzahl von recht-

lichen und privatwirtschaftlichen Anforderungen erfüllen. Dabei gewinnt auch die Transpa-

renz immer mehr an Bedeutung, um die gezielte und individuelle Bereitstellung von Informa-

tionen zur Deckung des Informationsbedarfs in kritischen Situationen über die Produkte und 

unternehmensübergreifenden Prozesse zu ermöglichen. Besonders in der Koordination und 

Organisation des Informationsaustausches zwischen Unternehmen in der Agrar- und Ernäh-

rungsindustrie sind spürbare Defizite vorhanden. 

Das Ziel dieser Arbeit ist die Erarbeitung von Grundprinzipien zur Entwicklung von Informati-

onsdiensten. Diese Dienste umfassen die Bereitstellung und Aufbereitung von Produkt- und 

Prozessinformationen aus verteilten Systemen und die gezielte Deckung des persönlichen 

Informationsbedarfes in einem individuellen Arbeitsumfeld. Das Konzept beinhaltet allge-

meingültige Elemente, die auf der Informationsart, der organisatorischen Aktivierung der 

Dienste und der technischen Unterstützung, durch Basisfunktionalitäten moderner Informati-

ons- und Kommunikationstechnologie, basieren. 

Die anschließende Anwendung des Konzeptes auf aktuelle Informationsbedürfnisse im Obst- 

und Gemüsesektor umfasst drei Informationsdienste in verschiedenen Technologieszenarien. 

Diese Dienste konzentrieren sich auf die Bereitstellung und Auswertung von dezentral ge-

speicherten Qualitätsinformationen über einzelne Produkte und deren jeweiligen aktuellen 

Status entlang der Wertschöpfungskette. Im Anschluss wird ein ökonomisches Entschei-

dungsmodell auf Basis einer generischen Kosten-Nutzen Analyse erarbeitet. Dabei wird die 

Anpassung der existierenden Unternehmensinfrastruktur an die diskutierten Technologiesze-

narien optimiert. In einer abschließenden Diskussion werden diese Dienste und ihre Realisier-

barkeit im Obst- und Gemüsebereich und dem gesamten Lebensmittelsektor betrachtet. Ab-

schließend werden kritische Anforderungen für die Etablierung von Informationsdiensten 

formuliert. 
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Chapter 1 - Introduction 

1 

1 Introduction 

Food products and their consumption are vital parts of our daily life. Consumers are inter-

ested in providing themselves with food that is safe, healthy and meets their quality expecta-

tions at affordable prices. Agri-food enterprises are globally connected in a multitude of 

business relationships to provide the food market with an unprecedented variety of products 

meeting the consumer demand and reaching from fresh and naturally grown products to 

complex processed food. 

The past decade in the European food sector was and is still tremendously affected by differ-

ent cross-national and national food crises (e.g. BSE in the early 2000s) as well as food-borne 

diseases (e.g. the recent outbreak of EHEC O104:H4 in Germany in 2011). These crises in-

creased the awareness for the sensibility of the food production and food-borne diseases 

and resulted in joint efforts of all European member states to consolidate and adapt the 

European food law. Concurrently, a shift in consumer awareness (VERBEKE 2005) towards food 

additives, pesticides, genetically modified organisms for production of food (KUIPER ET AL. 

2001), novel food products as well as the sustainability of global food production in general 

(FRITZ AND SCHIEFER 2008, LEHMANN 2011) challenges agri-food enterprises every day. 

Food markets, consumer demand and politics are continuously adapting to recent issues and 

consequently new challenging requirements for agri-food enterprises emerge. Due to these 

developments, agri-food enterprises are forced to assure food safety by implementing qual-

ity and hygiene management concepts for their production and trade processes to comply 

with these requirements (HANNUS 2008). Additionally, certification of these activities, based 

on quality management standards, to control and assure compliance with legal and specific 

requirements from food retail and industry, is leading to a sophisticated mix of requirements 

that has to be addressed for market access. 

The success of agri-food enterprises is closely linked to the ability to satisfy these require-

ments. Agri-food enterprises are challenged to provide products according to the required 

attributes, and to provide additional product information to proof their quality and safety 

(VERBEKE 2005, MEYER 2010, LEHMANN 2011). Today, the need for transparency related to food 

products and the status of interfirm business processes are not only a trend, but also a major 
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driver of increasing competitiveness by providing quality and safety guarantees on detailed 

and reliable data for process flexibility, coordination and optimisation (BEULENS ET AL. 2005, 

FRITZ AND SCHIEFER 2010). Other trends, such as ecological and social responsibility, are ex-

tending the required product quality attributes by new indicators (LEHMANN 2011). This re-

quires the chain-wide collection of related information and its aggregation for measurement 

and evaluation of these indicators. Because the product life cycle includes all stages of the 

supply network, the re-organisation of processes for optimising the ecological and economic 

efficiency requires new approaches and an extension of the current information exchange 

practice. 

The consumer demand on food products is as individual as the demand for information on 

these products and might not be completely met in future by providing general information. 

However, information provision to any stakeholder has to address their specific information 

needs, and requires a form that is directly understandable in order to be effective (VERBEKE 

2005). 

1.1 Problem statement 

Answers to specific and individual information needs can often be found in information sys-

tems of agri-food enterprises along the food supply chain; enterprises already have systems 

in place to record, monitor, evaluate and communicate various types of relevant information 

throughout production- and trade-processes. However, these systems are mostly situated in 

the individual enterprise or encompass only a few members of the network (SCHIEFER 2004). 

The communication, especially of food quality and safety information, is poorly developed. In 

times of a food crisis this lack of communication and resulting long reaction times adds to 

greater uncertainty at every level. Required information and guarantees about the effective-

ness of food safety mechanisms cannot be provided on time to agri-food enterprises along 

the chain and to the consumer to reduce these uncertainties. 

The major reason for this deficit, besides technical issues, is the sensitivity of specific informa-

tion for the competitiveness of agri-food enterprises. Furthermore, the willingness to share 

information is decreased by the uncertainty about the information processing and possible 

provision to actors other than the intended ones. Any information exchange system devel-
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opment has to assure that information is only provided to specific recipients and the protec-

tion of data ownership (CUTELOOP 2008). 

To overcome these issues, innovations in the fields of process organisation and the way in-

formation is exchanged between stakeholders are urgently required. Innovation in this con-

text does not necessarily mean to invent new things, but also to re-organise existing practice 

to enable new solutions to existing problems (OMTA 2002). Developments and improvements 

of information and communication technologies (ICT) – more specific digital computing and 

the internet – offer tremendous chances for the food sector in general and agri-food supply 

chains in particular to increase market transparency and therefore reduce transaction costs 

and improving inter-enterprise coordination (BUNTE ET AL. 2009). The adoption of ICT strongly 

depends on available enterprise resources, which are very heterogeneous in the food sector 

due to the high degree of small and medium sized enterprises (SME) (SCHIEFER 2004). Innova-

tions in the field of network solutions for the sector require arrangements to include SME’s 

into the innovation process (OMTA 2002, GELLYNCK AND KÜHNE 2008). 

1.2 Research objectives 

Research needs in the field of information logistics generally focus on the individualisation 

and task-orientation of information supply to meet specific information needs. New tech-

nologies such as radio frequency identification (RFID) or developments of web-based tech-

nologies (e.g. web services) offer great possibilities, when combined with each other, to over-

come present deficiencies by “Information as a Service” concepts. However, the current land-

scape of ICT in agri-food enterprises has been developing in the course of 10-15 years and 

aligned to a multitude of internal requirements leading to a monolithic system landscape 

with individual character (GABHARDT AND BHATTACHARYA 2008). Electronic data interchange 

(EDI) has developed to a valuable tool for the exchange of static transaction-related data, but 

it lacks the ability to communicate product- and dynamically changing process-related data. 

Improving transparency by extension of the current information exchange practice for deal-

ing with the previously stated challenges of the food chain, calls for initiatives addressed in 

this thesis. This thesis concentrates on the elaboration of a framework for flexible communi-

cation services that build on interactions between suppliers and customers, so called feed-

back loops, which serve the communication needs. The framework considers the integration 
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of new technologies to improve the information exchange and thereby improve product- and 

process-related transparency between agri-food enterprises. 

The integration of existing “applications” from different agri-food enterprises along the chain 

could provide the necessary information through appropriate information collection and 

processing schemes to serve stakeholders’ needs. This integration could mean new develop-

ments or, alternatively, the adaption of existing applications to chain and network based 

communication services. As information needs might change over time, the framework has to 

provide flexibility in exchange of relevant applications. 

Aligned to the increasing need for transparency and the lack of solutions to solve present 

issues in information exchange, the research objective of this thesis is to develop a general 

applicable framework for business information services independent from product types or 

business domains as well as the integration of these information services into business proc-

esses by considering supportive technologies. 

1.3 Research design 

To reach these research objectives, this thesis is based on a design-oriented approach. De-

sign-oriented research originates from engineering science and provides a problem focussed 

approach for developing solutions alternatives (SIMON 1988, VAN AKEN 2004). The elaboration 

of a design-oriented concept for solving a problem by the construction of new artefacts (VAN 

AKEN 2004, SIMON 1988) involves different consecutive stages (DENZIN AND LINCOLN 1994, 

BARAB AND SQUIRE 2004, HEVNER ET AL. 2004): 

1) Problem identification and description, encompassing organisational and tech-

nological needs, based on different perspectives as well as examining constraints 

leading to the described deficiencies, 

2) Development of theories or artefacts, supported by the “knowledge base”, 

which includes foundations (e.g. frameworks, theories, models) and methodolo-

gies (a.o. formal descriptions, modelling techniques), 

3) Evaluation of the developed concept, using analytical methods such as experi-

mental case or field studies, prototyping or simulation, 

4) Drawing conclusions and inferring from the research to the identified problem 

and the feasibility of the developed theories or artefacts. 
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Especially research, involving the development of IT-based concepts, has to address the de-

sign tasks faced by practitioners, which requires a proper conceptualisation and representa-

tion provided by the application of appropriate techniques e.g. modelling or simulation 

(MARCH AND SMITH 1995). Additionally, guidelines for the implementation or optional imple-

mentation examples are required for testing and evaluation (MARCH AND SMITH 1995). The 

transfer of this approach into a thesis outline is depicted in Fig. 1. 

 

Fig. 1: Outline of this thesis 

The outline of this thesis follows the steps of the presented design-oriented approach and is 

separated it into four parts. 

The problem identification and description is presented in chapter 2 based on literature re-

search and preliminary informal expert interviews with representatives from retail organisa-
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tions (quality management and regional organisation), trade organisations (agricultural co-

operative societies and one distribution centre) as well as service providers (logistic and box 

service providers). This results in different implications for the research objective. 

The development of a generic framework for business information services to tackle the re-

search objectives (chapter 3) initialises the second part of this thesis. This includes the defini-

tion of generic elements and integrated technical components as well as a methodology for 

modelling and development of information services (chapter 4). 

In the third part of this thesis, the previous developed framework is applied to an application 

scenario in the fresh fruit and vegetables sector, and three principle reference services are 

developed focussing on specific information needs identified from expert interviews (chapter 

5). This is followed by an economic decision model for adoption (chapter 6) of new technol-

ogy in conjunction with the elaborated services and the service framework. The third part 

closes with a discussion (chapter 7) of the findings based on an expert workshop and experi-

ence from the application scenario. 

The thesis finishes with a summary and conclusion (chapter 8) reflecting on all three parts 

and outlines implications for the transfer of results to the food sector. 
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2 Challenges, information needs and barriers in agri-food 
supply networks 

Agri-food enterprises are challenged by a multitude of requirements arising from consumers, 

policy, industry and other stakeholders along the food value chain (FRITZ AND SCHIEFER 2010). 

In this chapter an overview is given on different requirements and information needs arising 

out of these requirements relevant for this thesis are discussed. 

Requirements and challenges 

The previously described requirements can be divided into public and private requirements 

depending on the stakeholder formulating them. Fig. 2 the different directions (arrows and 

lines) from where requirements are addressed to the different entities are depicted. 

 

Fig. 2: Public and private requirements 

Public requirements primary arise from values of society, including consumers as individuals, 

and legislative initiatives. 

The societies’ perception, in respect to the impacts and consequences of global food produc-

tion activities, on the sustainable development and facilitation of resources, including social, 

environmental and economic issues, has changed (AIKING AND DE BOER 2004). The success of 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



Chapter 2 - Challenges, information needs and barriers in agri-food supply networks 

8 

agri-food enterprises depends on the consumers’ acceptance of provided products and ser-

vices. This leads to a high degree of consumer orientation within the European agri-food 

markets (SCHIEFER 2003). Consumers follow individual criteria for selecting their food prod-

ucts. The demand and procurement patterns of European customers for food products 

changed dramatically in the past decades (FEARNE AND HUGHES 2000). The consumer demand 

few decades ago was met to a high degree by regional and seasonal available products. To-

day, consumers are more demanding concerning safety and quality, integrity as well as diver-

sity and availability of food products and the associated provision of information in order to 

better select the products and comprehend the impacts of their buying decisions (see a.o. 

BEULENS ET AL. 2005, VAN DER VORST 2000, BUNTE ET AL. 2009, HAAS AND WEAVER 2010, FRITZ AND 

SCHIEFER 2010). The development of new information technologies, especially the emergence 

of the internet, enabled new ways of gaining knowledge about food products and therefore 

influences the decision process (VAN DER VORST 2000). Following the logic of Fig. 2 consumers’ 

demands represent critical requirements to the food sector that have to be met by agri-food 

enterprises to stay competitive. 

Legislative requirements for agri-food enterprises 

The European Parliament and national governments create the legislative fundament for the 

food sector based on societal needs. Due to several crises in the food sector in the past dec-

ades, the uncertainty regarding the safety (e.g. food borne diseases) and healthiness (e.g. 

additives) of food products increased at consumer level (VERBEKE 2005). This reflected by a 

multitude of regulations, formulating requirements for agri-food enterprises and the market-

ability of food products, including regulations such as e.g. the recently enacted regulation on 

labelling of food products generalising the information that has to be provided attached to 

the product or specialised labelling legislation (a.o. EC NO. 1830/2003 and EC NO. 

1924/2006). 

Looking at the motivation for the consolidation of the European food law four major drivers 

can be identified (EC NO. 178/2002, for details see Appendix A): 

1) The protection of consumers by improving food safety, which is realised by setting 

up food safety standards and introducing mandatory requirements for agri-food en-

terprises (e.g. “Food Hygiene Package” (EC NO. 852/2004, EC NO. 853/2004), 
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2) Traceability of food products from “farm to fork” to enable the identification of 

harmful products and to follow their distribution path through the sector, 

3) Increasing transparency to prevent misguidance of consumers by setting up explicit 

requirements for labelling of food products, 

4) Defining responsibilities for agri-food enterprises to meet legislative requirements. 

Additionally, the consolidated food law focuses on the alignment with global guidelines of 

the Codex Alimentarius (EC NO. 178/2002) to establish a common view on the previous pre-

sented issues. 

Private requirements originate from agri-food enterprises, which have to meet the previously 

described public requirements to be successful on the market. Enterprises in the European 

food sector operate in a globalised environment. A high number of small and medium-sized 

enterprises (SME), mostly at local agricultural production plants, provide raw materials for the 

food industry as well as fresh produce to large scale international food retail groups (see a.o. 

FRITZ AND SCHIEFER 2002, O’REILLY ET AL. 2003, CIAA 2011). The food value chain can be divided 

into different stages from agricultural production, processing, trade, to retail, representing 

the major interface to the consumer with a market share of 66% (WIJNANDS ET AL. 2007). The 

sector is characterised by a high degree of fragmentation with a high number of enterprises. 

This relation is presented with an example from the food industry in Table 1. 

Table 1: Structure of the food industry (adapted from CIAA 2011) 

 

Definition of Small, Medium and Large Size Enterprises: small = 0 to 49;  

medium-sized = 50 to 249: high > 250 employees 

Agricultural production and retail are connected by a number of different enterprises, spe-

cialising in trade and processing, and are supported by a number of enterprises providing 

services (e.g. production resources or transport logistics). 
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In literature, different approaches to describe these relationships and connections can be 

found. The definitions are “supply chain” (CHRISTOPHER 1992), “supply network” (HARLAND 

1996) and “netchains” (LAZZARINI ET EL. 2001), which are summarized in Table 2. 

Table 2: Definitions of supply chain, network and netchains 

Author (year) Term Definition 

CHRISTOPHER 
(1992) 

Supply 
Chain 

„The network of organisations that are involved, through upstream 
and downstream organisation linkages, in the different processes 
and activities that produce value in form of products and services in 
the hands of the ultimate customer.“ 

HARLAND 
(1996) 

Supply  
Network 

„Set of supply chains, describing the flow of goods and services 
from original sources to end customers.“ 

LAZZARINI ET AL. 
(2001) 

Netchain 

„Set of networks comprised of horizontal ties between firms within 
a particular industry or group, which are sequentially arranged 
based on vertical ties between firms in different layers (Suppliers, 
Manufacturers, Distributors, Consumers).“ 

 

Although supply chains represent a straight forward vertical linkage of different stages, the 

reality in the food sector is even more complex. Because of the diversity of agricultural and 

processed food products, agri-food enterprises usually have multiple suppliers and custom-

ers, which may change over time (OMTA 2002, VAN DER VORST ET AL. 2005a). Looking at the 

different stages, close horizontal co-operations between enterprises, especially in the agricul-

tural production and processing stage, and vertical co-operations between all stages are of 

relevance and have to be taken into consideration. These characteristics are captured under 

the term “agri-food supply networks” (AFSN) in the remainder of this thesis.  

Challenges arise from this complexity for the management of these relationships. To meet 

the responsibilities formulated by the European food law, enterprises have to ensure that 

their products meet the high quality and safety standards. Due to the division of labour and 

the participation of a number of enterprises in the food value chain, the verification of the 

compliance of other enterprises with these requirements is difficult. A reason for this is the 

complexity of relationships in the food sector as such. Based on this, private requirements 

formulated by agri-food enterprises within the food sector arise from the previously stated 

responsibility of agri-food enterprises to comply with legislative requirements. 
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Due to the high degree of fragmentation and product-related specialisation, agri-food indus-

try and retail enterprises formulate a number of different requirements for their suppliers to 

ensure food quality and safety. These requirements are usually represented by certification 

schemes and quality standards, which have to be met by actors in the previous stages build-

ing the supply base for these enterprises (TRIENEKENS AND ZUURBIER 2008). Examples for these 

standards are the International Food Standard (IFS), ISO 22000, the standard of the British 

Retail Consortium (BRC) and the standard provided by “Qualität und Sicherheit” (Q+S), a 

chain-wide certification scheme for fresh products and feed. Especially the retail driven stan-

dards (IFS, BRC) are continuously updated and supplemented with arising public and private 

requirements, concentration e.g. on the reduction of packaging in order to reduce its envi-

ronmental impact (BRC 2011). However, the compliance with required standards developed 

to a critical private requirement for establishing supplier-customer relationships in agri-food 

markets (KRIEGER 2007). 

2.1 Information needs and transparency in agri-food supply networks 

The complexity of the food sector and the diversity of products offered, raise uncertainties 

for consumers, as well as for agri-food enterprises. Information needs for agri-food enter-

prises arise preliminary from the previous described challenges (see a.o. VERBEKE 2005, VAN 

DER VORST ET AL. 2005a). Based on the compliance with public and private requirements trans-

parency has become an important issue in the design and management of food chains and 

networks (FRITZ AND SCHIEFER 2010, BEULENS ET AL. 2005). HOFSTEDE (2002) defines transparency 

within a supply network as “the extent to which all network’s stakeholders have a shared un-

derstanding of, and access to, product and process related information, that they request, with-

out loss, noise, delay and distortion”. 

Based on this argumentation, BUNTE ET AL. (2009) define different levels of transparency in 

agri-food supply networks focusing on: 

- Product transparency, including information on the product and process history of 

food flowing through the AFSN, as well as food quality, integrity and safety issues, 

- Operational transparency, including information on logistics and other parameters 

across the AFSN, 
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- Strategy transparency, including jointly activities to find opportunities and threats for 

AFSN to enable adaptive responses to the previously described requirements. 

Following this train of thought, the following part of this chapter concentrates on the first 

two categories and the related information needs. 

2.1.1 Quality, integrity and safety of food products 

In today’s highly competitive agri-food markets the provision of food on a high quality level 

has become a precondition for competitiveness for enterprises within the food sector 

(SCHIEFER 2003). However, intensive discussions in literature about the term food quality show 

significant differences between scientific disciplines (LEHMANN 2011). Information for trans-

parency of food quality in this thesis focuses on all product characteristics that are summa-

rized under the term food quality, including information on food safety and food integrity as 

well. 

In a narrow sense focussing on the food product itself, food quality describes all intrinsic 

and extrinsic factors linked to a specific product. While intrinsic factors are representing 

product inherent characteristics, extrinsic factors describe quality attributes which are linked 

to the product by external parties (SCHIEBEL 2005). Intrinsic factors include characteristics, such 

as the cultivar of agricultural products, sensory characteristics such as colour and taste, and 

also the content of major nutrients, ingredients and secondary substances as well as techno-

logical attributes e.g. texture and consistency (WINTER 2002, KRUG ET AL. 2002, HERMANN 2001). 

These product characteristics are directly measurable using sensory analysis or simple meas-

urement methods such as e.g. penetrometric, refractometric or chemical analysis. 

Extrinsic factors, however, describe attributes, which are linked to the product without being 

a direct part of it. Traditional extrinsic factors are the origin of products, brands, signals and 

prices of products (HAAS AND WEAVER 2010). Topics such as ethical, environmental or social 

aspects of food production and products, summarized under the term food integrity, are of 

interest to consumers and are covered by specialised standards and certifications as well as 

signals a.o. for fair trade or organic production. 

Food safety is often mentioned in combination with food quality. However, food safety is a 

prerequisite for the marketability of food products and can therefore be seen as the main 
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food quality issue. The product-related safety is defined by the World Health Organisation 

(WHO 2002) as “the assurance that food will not cause harm to the consumer […]” (CODEX ALI-

MENTARIUS 2003, WHO 2002) because of “the absence of physical and chemical substances and 

(micro-) biological contaminations harmful to human health” (EC NO. 178/2002). Whereas 

food quality can be observed by sensory analysis or simple measurement, the discovery of 

food safety issues require laboratory procedures including microbiological techniques or 

chemical analysis. 

Information needs regarding product quality originate from the required compliance with 

public and private requirements as well as personal needs. However, these information needs 

can be satisfied in different ways. Information provision to consumers concentrates on: 

a) private labels and signals, highlighting product characteristics (e.g. organic products, 

fair trade), as well as 

b) legislative required information elements such as e.g. list of ingredients, 

implying secured product characteristics and including information e.g. on allergens, that 

might be required or undesired by the consumer. 

The provision of food quality information to agri-food enterprises has to be more detailed. 

Quality assurance is and supposedly will become one of the central competitive factors in the 

agricultural and food sector (SCHIEFER 2003, DOLUSCHITZ AND KUNISCH 2004). Suppliers need to 

ensure specific characteristics of their provided raw materials or food products, which are 

required by retail or industry groups. Information needs of agri-food enterprises concentrate 

on the innocuousness of food products and their conformity with all requirements. 

2.1.2 Traceability 

Due to the increasing global cross-links in trade activities, traceability is an inevitable aspect 

of food safety, especially since the introduction of the general food law.  

Traceability in the legal context (EC NO. 178/2002) focuses on: 

- the traceability of food, feed, food-producing animals and all substances incorporated 

into foodstuffs; it must be established at all stages of production, processing and dis-

tribution.  
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- the requirement for agri-food enterprises to apply appropriate systems and proce-

dures to record all suppliers providing those products as well as all customers to 

whom products are provided. 

Traceability focuses on the ability to document and trace a specific product forward and 

backward along its path through the supply network and on the tracking of products moving 

downstream (see a.o. VERNÈDE ET AL. 2003, VAN DER VORST ET AL. 2005a, FOLINAS ET AL. 2006, 

GELLYNCK ET AL. 2007, FRITZ AND SCHIEFER 2009). 

 

Fig. 3: Tracking and tracing of products (adapted from VERNÈDE ET AL. 2003, FOLINAS ET AL. 2006) 

According to GANDINO ET AL. (2009), traceability management has to assure internal and ex-

ternal traceability of a specific product unit. External traceability concentrates on business-to-

business and business-to-consumer traceability of trade units. Internal traceability focuses on 

the tracking and tracing of incoming and outgoing products as well as raw materials along 

internal production processes. 

Traceability of food products is not only a legislative requirement, but also the major precon-

dition for the exchange product- and process-related information based on modern tracking 

and tracing systems (BEULENS ET AL. 2005, KALFAGIANNI 2006, FRITZ AND SCHIEFER 2009). Impor-

tant information needs, in the focus of different stakeholders, originates from uncertainties 

about the origin of food products and other aspects related to food integrity. This results in a 

need for guarantees based on traceability information focussing on aspects such as: 
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- the labelling and traceability of genetically modified food and feed products based on 

the regulations (EC NO. 1829/2003 and EC NO. 1830/2003, KUIPER ET AL. 2001, THEUVSEN 

AND HOLLMANN-HESPOS 2005), 

- the guaranteed origin of regional products based on traceability information (POIGNÉE 

ET AL. 2004), 

- the traceability of the origin of organic products and the guaranteed compliance of 

the agricultural production practice with the legislation for organic products (EC NO. 

834/2007, EC NO. 889/2008, EC NO. 271/2010). 

All these aspects require inter-enterprise communication schemes for the exchange of infor-

mation on traceability through the supply network. 

2.1.3 Logistics and organisation of agri-food supply networks 

Additional challenges and information needs originate from the complexity of food supply 

networks, their organisation as well as logistics in these networks, summarised by BUNTE ET AL. 

2009 under the term ”organisational transparency”. The increasing distance, agricultural pro-

duction and the final consumer that has to be bridged, is a tremendous organisational chal-

lenge (METRO GROUP 2011). To provide the demanded diversity of products with a high avail-

ability as well as the previous described division of labour on a global scale, agri-food enter-

prises have to co-operate in supply chains and networks covering different stages (VAN DER 

VORST ET AL. 2005a, BERNING 2002, FLEISCHMANN ET AL. 2008). According to LAMBERT ET AL. (1998) 

logistic management covers all activities, that are “[…] part of the supply chain process, that 

plans, implements and controls the efficient, effective flow and storage of goods, services and 

related information from the point-of-origin to the point-of-consumption in order to meet cus-

tomer requirements […]” (LAMBERT ET AL. 1998). The basic functions of logistics are concentrat-

ing on services to provide products (IHDE 2001) at the right time, in the right quantities, at the 

right place and in the quality as they are required (AUGUSTIN 1990, VAHRENKAMP 2005, 

FLEISCHMANN ET AL. 2008). Following the given definition, control and management activities in 

logistic processes include different aspects, such as procurement, processing, inventory con-

trol, order processing, material handling and customer service (VAN DER VORST ET AL. 2005a). 

The efficient organisation of these processes requires reliable, detailed and timely informa-

tion based on information exchange between production, distribution and trade. Addition-
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ally, these processes are considered as “information intensive activities” (VAN DER VORST ET AL. 

2005a) whereby information on process-and product-related aspects is preliminary required 

for decision making. 

These information needs are closely related to performance sensitive aspects of logistics cov-

ering a.o. the reliability of deliveries (VAN DER VORST 2000). Due to the perishability of food 

products as well as the naturally caused variability of quality and quantity (SCHIEFER 2002, VAN 

DER VORST ET AL. 2005a), transport and storage processes have to be organised efficiently and 

effective to reduce spoilage, especially of fresh products requiring cold storage such as meat, 

fresh fruits and vegetables or processed frozen food products (KADER 2005). This requires 

product-related information on the quality status of products as well as process-related in-

formation e.g. the temperature during transport and storage. Especially critical situations dur-

ing transport regarding these factors have a huge impact on all consecutive processes. The 

discovery of such events during logistic processes and the management of these events re-

quire decisions based on timely, reliable and detailed information and are summarised under 

the term “supply chain event management” (HELLINGRATH ET AL. 2008). 

2.2 Barriers 

As described previously traceability is a prerequisite for product-centric information ex-

change. Due to the requirements of the general food law, current traceability systems of agri-

food enterprises are designed to follow individual needs for compliance and show differences 

result from individual organisation of internal enterprise activities, the type of product and 

the product composition. The realisation of chain-wide tracking and tracing schemes, in order 

to enable information exchange to increase transparency, requires agreements and coordina-

tion between suppliers and customers along the supply network (FRITZ AND SCHIEFER 2008). 

2.2.1 Managerial and organisational barriers 

Managerial and organisational barriers arise from different aspects of transparency. The iden-

tification of information needs of stakeholders to-be-addressed by transparency initiatives as 

well as the identification and access to information sources are major pre-requisites (FRITZ 

AND SCHIEFER 2010). Additionally, organisational efforts have to be taken in order to collect, to 

process, to prepare and to provide the required information (BEULENS ET AL. 2005, FRITZ AND 

SCHIEFER 2010). This might require the alignment of existing information systems to provide 
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information to meet new information needs or the development and organisation of new 

systems. The enterprises’ ability to provide transparency information is highly dependent on 

these aspects, which are summarised by FRITZ AND SCHIEFER (2010) under the term “t-

readiness”. The most important aspect for improving the current practice is the enterprises’ 

ability to adopt and re-organise technology for the provision of information on the previ-

ously presented background. 

2.2.1.1 E-readiness 

The individual prerequisites of enterprises for technical readiness for information provision 

are very heterogeneous in the food sector. Due to the high degree of small enterprises and 

complexities for ICT adoption (GELB 2009, BUNTE ET AL. 2009), especially in agricultural produc-

tion, as well as the differences between the infrastructural differences on country level 

(ECONOMIST INTELLIGENCE UNIT 2009) represent managerial barriers, that have to be considered. 

The term “e-readiness” is a measurement that defines, in the business context, the degree to 

which a company is able to adopt information and communication technology and use it 

efficiently for a specific purpose. Enterprises operate in continuous interactions with other 

organisations (suppliers and customers) and the sector environment (HÅKANSSON AND SNE-

HOTA 2006). This includes according to ARNOLD AND KÄRNER (2003), to participate in electroni-

cally supported inter-enterprise business process activities and transactions. Conclusively, this 

requires the alignment of business ICT to common sectorial conditions. For this thesis, the 

definition is extended towards the ability to participate in sectorial e-business activities as 

well as the digital technology based information provision and exchange between actors in 

sectorial business networks (FRITZ ET AL. 2011, REICHE ET AL. 2011b). However, the adoption of 

ICT is highly influenced by the enterprise resources as well as sector prerequisites (REICHE ET 

AL. 2011b). In an enterprise context the focus shifts towards the allocation of available re-

sources and other strategic or operational aspects, which are influencing the adoption deci-

sion. Different levels of e�readiness of an enterprise are defined by the availability of a spe-

cific combination of criteria that include (JUTLA ET AL. 2002, CHOUCRI ET AL. 2003, RUIKARA ET AL. 

2006): 
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- the available IT budget for adopting and maintaining ICT, 

- the existing ICT infrastructure (applied technology in the company and regional avail-

able IT infrastructure) and its reliability, 

- the literacy based on knowledge and skills of employees to use the applied ICT effi-

ciently, 

- the social and cultural environment (i.e. acceptance of ICT implementation), 

- the legal framework, and  

- the managerial ability to realize an organizational change and related issues. 

In order to meet the dynamically changing requirements in the food sector, efficient and re-

sponsive coordinated communication networks are needed (SCHIEFER AND FRITZ 2010) to gain 

a high degree of flexibility. However, the organisational and managerial basis for the estab-

lishment of communication and monitoring systems along the chain is poorly developed. 

2.2.2 Technical barriers 

The improvement of product transparency is closely linked to the emerging so-called “inter-

net of things”-technologies and concepts aiming at the connection between physical objects 

and virtual data about this object (GS1 2005, GUILLEMIN AND FRIESS 2010). The most important 

technologies of this concept (WAMBA ET AL. 2008, GUILLEMIN AND FRIESS 2010) are: 

- Identification technologies (e.g. RFID) enabling the uniquely identification of objects 

by electronic product codes (EPC), 

- Information systems linking captured product- and process-related information with 

object identification information (virtualisation of product information), 

- Web-based technologies for connecting information systems through web services 

for information provision on every single object. 

Barriers regarding the adoption of identification technology 

Although, new technologies, such as RFID, have proofed to be a key technology for the next 

step in technical evolution (KÄRKKÄINEN 2003, GANDINO ET AL. 2009), but their diffusion in the 

food sector is still at a low level. Successful application cases show, that RFID technology has 

tremendous benefits for process improvements on enterprise and on chain level (for exam-

ples see Appendix B and C). However, the preferred identification technology for transport 
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units and packaging for the point of sale in the food sector is still based on barcodes. Impor-

tant reasons for that are  

- the need to build individual RFID applications in the sector, due to the lack of system 

integrators (MARTÍNEZ-SALA ET AL. 2009), 

- the willingness to investments in tags and scanners is reduced by uncertainty about 

the future developments and possible lock-in effects after adoption of specific RFID 

technology standards (KÄRKKÄINEN 2003). 

- differences in costs and benefits for single companies and benefits for enterprises at 

later stages of the supply network arise from the implementation of network technol-

ogy (TAMM AND TRIBOWSKI 2010, MARTÍNEZ-SALA ET AL. 2009).  

Especially in the case of RFID technology, costs for enterprises providing finalised products 

with RFID-tags are expanding, but most beneficial effects of this technology are discovered at 

retail stage. This shift represents a tremendous major organisational and managerial barrier 

(TAMM AND TRIBOWSKI 2010). 

Barriers for Information exchange 

Looking on the diversity of information needs in the area of transparency, technical barriers 

occur inhibiting the exchange of information between enterprises in the sector. Due to the 

naturally grown number of enterprise-centric, individual and heterogeneous systems at the 

different enterprises, a number of challenges concentrating on four major aspects: 

- The availability of information, especially focussing on organisational processes and 

dynamic product characteristics (e.g. sensor networks, networked devices and systems 

for data collection) (BEULENS ET AL. 2005, SCHIEFER 2004), 

- Accessibility of information (e.g. information systems, portals, technical architectures, 

interfaces) based on flexible connections (BUNTE ET AL. 2009) between different sys-

tems protecting the interests of the providing enterprise (data ownership) (see a.o. 

BEULENS ET AL. 2005, CUTELOOP 2008), 

- Commonly agreed information reference models providing content based on vocabu-

laries and semantics (BUNTE ET AL. 2009), as well as standards for information exchange 

(MARTINI ET AL. 2009), 
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- Ways of delivering information to stakeholders using web-based technologies for ser-

vices and content (BEULENS ET AL. 2005). 

2.3 Implications for the research objective 

The previously describes transparency issues and their importance for different stakeholders 

raise managerial, organisational as well as technical challenges to agri-food enterprises. Al-

though progress has been made in the past to tackle these issues, important problems still 

remain. In the past decade crises in the food sector (e.g. BSE, Dioxin, EHEC) showed, that the 

availability and the exchange of information has been (WILSON AND CLARK 1998) and is still 

deficient in one or all important aspects  

a) Completeness and accuracy of food safety and quality information, 

b) Accessibility, availability and reliability of necessary information related to the causes 

of the crisis (e.g. recently in the EHEC outbreak in Germany 2011), 

c) Untimely provision of necessary and urgently required information for reducing the 

spreading unsafe products and the reduction of negative impacts on the involved 

parts of the agri-food sector as well the maintenance of consumer trust in affected 

agri-food products (e.g. Dioxin in feed in Germany 2011). 

The presented listing demonstrates, despite the differences of the involved examples of food 

products, the most pressing information needs of agri-food enterprises to handle critical and 

unexpected situations. To narrow down the most important aspects related to this thesis, a 

series of informal expert interviews with representatives from retail organisations (quality 

management and regional organisation), trade organisations (agricultural cooperative society 

and distribution centre) as well as service providers (logistics and pooling service provider) 

has been carried out preliminary to this thesis. The most important and pressing information 

needs and focus domains of this thesis are related to: 

- Information on food quality and safety issues, in order to identify specific prod-

ucts, which fail to meet demanded quality expectations or in an extreme case are 

harmful to consumers’ health. 

- Information on the position of these products in the different distribution chan-

nels as well as the origin of food products based on tracking and tracing information. 
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However, agri-food enterprises collect and store tremendous amounts of data arising out of 

required process documentation for certification and compliance with legal requirements. 

This collection bears huge potentials for communicating the effectiveness of implemented 

food safety and quality arrangements. Due to the high throughput of products and the rela-

tively short shelf-life of most food products these information loses relevance after time. The 

extension of the information lifecycle by further facilitation of these records (SOLLBACH AND 

THOME 2008) for providing transparency information enables further diversification potential 

and therefore potential for increasing competitiveness (PORTER AND MILLAR 1985). This thesis 

focuses on the facilitation of this potential by providing a general applicable framework for 

business information services based on the connection of these different information clusters 

along the food supply chain. 

The emergence of new technologies, especially RFID and web-based technologies for infor-

mation provision, promises improvement potentials e.g. by automation of process tasks and 

a higher level of transparency realised by available, detailed and reliable data for decision 

making. The combination of identification technology and web-services bears a powerful 

potential to provide product- and process-related information with a high level of detail for 

unmistakeably identifiable packaging units and therefore enables the ability to satisfy specific 

information needs. However, a chain wide application of these technologies in the food sec-

tor is still not archived due to the previously described barriers. This increases the need for 

investigating potentials triggering investments and adoption in the food sector. Several 

European research projects (e.g. CuteLoop) and initiatives (e.g. European Technology Plat-

form Food for Life) focus especially on application scenarios and demonstrators for the im-

plementation in specific business domains. The consideration of facilitation and integration of 

these technologies into the service framework is part of the objective of this thesis. 
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3 The Business Information Service Framework  

The Business Information Service Framework puts emphasis on the satisfaction of information 

needs of agri-food enterprises concerning product quality and process-related information 

following a product-centric approach. 

Looking at the current situation of the food sector, information technology and developed 

systems enabled the collection of information on food products in a high level of detail. Due 

the fact, that agri-food enterprises are required to document product- and process-related 

activities to comply with certification schemes and legal requirements, the amount of data 

available at the companies is tremendous. Following the logic of PORTER AND MILLAR devel-

oped in 1985, information creates competitive advantages on the one hand by enabling new 

diversification strategies in providing products with additional information above the legal 

required level and on the other hand the facilitation of information in order to lower costs 

(PORTER AND MILLAR 1985). Information services could provide flexible, cost- and time-saving 

solutions for enterprises to meet their increasing information demands, therewith improving 

the competitiveness of enterprises, by providing these services for creating added value to 

their customers, and supporting the sector by satisfying different information needs on char-

acteristics of food products (LEHMANN 2011). 

From this perspective, information services are defined as the provision of information 

on a product and it’s characteristics to a customer, whereas the provision and the con-

tent of the provided information has or creates a certain value by satisfying the infor-

mation needs of this customer. 

Information as a company service is based on the idea, that product- and process-related 

data, stored in internal formation systems and repositories, is made accessible in a standard-

ized way to interested parties by using standardized web-based technology. This requires 

standardised transformation of data as well as open standards and protocols for access to 

this data by service requestors regardless of the systems they are using (CREESE ET AL. 2009). 

Aligning this framework to food products would require the identification of product- and 

process-related data captured and stored at different locations or actors in the food chain 

and its exchange between agri-food enterprises (LEHMANN 2011). The digital information ei-
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ther can be transferred from different actors to central systems, or the data remain at these 

actors and are made accessible by information services on a regular basis or on demand. 

However, the organisation of information exchange between actors has to match with inter-

firm coordination mechanisms (FRITZ 2003). The centralised approach is not feasible for open 

market relationships, because of the low acceptance of the participants, especially in agricul-

tural production (compare with case study from the pork sector). On the other hand the ac-

ceptance of internet-based central systems increases in closed supply chains and long term 

business relationships. Looking at quality certification schemes such as GlobalGAP or Q+S, 

the transfer of information to central databases as a requirement are aligned to the participa-

tion in these schemes. Focussing on the food sector as a whole, a centralised approach would 

not be feasible due to the amount of data and the low acceptance caused by data ownership 

issues and failures in the past. The establishment of a decentralised framework as a base for 

information services is one of the objectives of different European research projects (see a.o. 

CUTELOOP 2008, SOA4ALL 2011 and projects of the European Research Cluster on the “Inter-

net of Things” (IERC 2011)). The framework developed in this thesis follows this decentralised 

approach. 

The need of customers for information and transparency in dealing with the inherent com-

plexities of the food chain calls for three initiatives (REICHE ET AL. 2008, SCHIEFER AND FRITZ 

2010): 

1) Establishment of communication services that build on customer loops, serving the 

communication needs. These services have to build on an infrastructure that allows 

the interaction with network actors from outside the coordinated business relation-

ships.  

2) A framework which has to assure system trust through the provision of information 

that supports the reliability of information, the integration of appropriate system se-

curity schemes, and the protection of data ownerships. 

3) A framework which has to integrate different applications or existing systems that 

could provide the necessary information through appropriate information collection 

and processing schemes to serve the actual actors‘ needs which are specified previ-

ously. The integration could mean new developments or, alternatively, the adaption of 

existing applications to the chain and network based communication services. 
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Before defining the framework for business information services, an overview is given on re-

lated topics required for the development of this framework. 

3.1 Information logistics of business information services 

The framework of information logistics was developed in the late 1990s (see a.o. KRCMAR 

1991, AUGUSTIN 1990). The role of information changed tremendously with the emergence of 

modern ICT and became a valuable factor in the value creation process that has to be man-

aged (KIM AND ROGERS 2005). Based on this, the framework of information logistics focuses all 

business activities and functions that are required to control and coordinate information 

flows within enterprises and their environment (SZYPERSKI AND KLEIN 1993). Therefore, informa-

tion logistics is part of the management activities regarding information and related tech-

nologies, which are summarised under the term “information management” (a.o. KRCMAR 

2005, HEINRICH 2001). 

WINTER ET AL. (2008) define information logistics in business management according to this 

view as “the planning, control, accomplishment and supervision of the required flow of data, 

which reach beyond an observation unit […]” for decision support.  

Observation units are scalable from the smallest independently acting element of the process 

organisation over the individual business areas to the examination of the entire company 

(WINTER ET AL. 2008). However, the increasing information availability and ubiquity of informa-

tion provided by information and communication technology on the one hand and the lack 

of appropriate task-oriented information provision on the other hand, is a challenge, which 

has to be met by developing new frameworks and solutions, which aim at the individualisa-

tion and purpose-orientation of information supply (FRAUNHOFER 1999, HASELOFF 2005). Addi-

tionally, the information, which is critical for accomplishing tasks in a business process, is of-

ten available at the time when it is generated and not when it is required by the individual. 

This divergence between place of generation of information and the point in the process, 

where this information is required is another challenge that has to be tackled by information 

logistic frameworks and leads towards a process orientation of information logistics. 

Taking the observation unit as a starting point, one arrives at a process-oriented view on lo-

gistics. The value-creating activities in a company are supported by information logistics 
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through the provision of information for decision-making (BUCHER 2008), through which the 

effectiveness and efficiency of these activities are positively influenced. 

Process-oriented information logistics summarises, according to BUCHER (2008), “all function-

alities […]” and services “[…] for data evaluation and provision, which are embedded in business 

processes and focus on the support of a human actor with task-oriented information to take 

process-inherent decisions […]”. This opens a new perspective on information logistics, which 

is not only aiming at purpose-oriented and individualised information supply, but also aiming 

on data evaluation for decision support in a specific context. This context specific information 

supply was highlighted by HASELOFF (2005), by adding to the previously presented definition, 

that information logistics “has to ensure that only the right and effectively needed information 

is made available to individuals at the right time in the right context” (HASELOFF 2005). 

Hereby it is crucial that the information, which is provided in the operative context, is pro-

vided in real-time or near-real-time. The increasing effectiveness and efficiency of the activi-

ties of a process is dependent on minimizing the so-called latency time between the occur-

rence of an event and the decision-making or respectively the initiation of measures to-be-

taken (BUCHER 2008). Therefore obtaining and providing information with the help of infor-

mation and communication technology is also an integral part of information logistics.  

KRCMAR (2005) describes this integration of technological and IT-measures, further described 

as functionalities, as integrated technical components. These components represent applica-

tion-independent combinations of basic technology and basic functionalities in order to real-

ise specialized IT-concepts. Basic technology is hereby described as a platform based on ICT, 

which provides basic functionalities (KRCMAR 2005). Storage, processing and communication 

are to be understood as basic functionalities, following the common definition of information 

and communication technology. In the following, a compilation of all functionalities in this 

context is given: 

� Communication: data capturing from users and systems and data provision to users 

facilitating User Interfaces (UI) or between systems (machine-to-machine). Hereby 

communication networks may be incorporated for the data transfer. The communica-

tion of data is realised through a multitude of interfaces.  
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� Processing: Includes all software functions i.e. to store, compare, aggregate or merge, 

to manipulate data or information. 

� Storage: comprises the deposit and retrieval of data on physical data carriers. 

An integral part of information logistics results from the necessity to plan the implementation 

and facilitation of ICT in such a way, that information can be provided properly and timely to 

meet user requirements. All information logistic issues will be addressed in the BISF and fur-

ther elaborated in the application case. 

3.2 Service-oriented architecture for business information services 

The concept of service-oriented architecture (SOA) and information logistics are closely re-

lated. While information logistics focuses on the task-oriented and context specific provision 

of information for an individual, SOA focuses on how this information provision can be real-

ised in an architectural way. 

The framework of service-oriented architecture is concentrates on the provision of informa-

tion as a service or described by GABHARDT AND BHATTACHARY (2008) “SOA is about connecting 

customer requirements with enterprise capabilities, regardless of technology landscape or arbi-

trary organisational boundaries […]”. Breaking down this general definition, SOA is about 

meeting information needs of customers by facilitating enterprise informational resources 

and exchange capabilities. 

The implementation of SOA as an technology architecture consist of a combination of differ-

ent technologies, systems as well as interfaces (ERL 2007), focussing on orchestration of  

a) operational resources such as existing systems, applications and databases, that are 

individually developed or purchased from a vendor, to establish 

b) services, in order to link and re-arrange content from different operational resources 

and provide more sophisticated content (ERL 2007, GABHARDT AND BHATTACHARY 2008). 

These services are developed closely linked to satisfy different information needs of business 

units and other enterprises in connected business processes and are listed in service invento-

ries. A service inventory “is an independently standardized and governed collection of comple-

mentary services” (ERL 2007) linked to an organisational unit such as a business unit or an 
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enterprise. These inventories allow identification of available service and the point where they 

can be requested (GABHARDT AND BHATTACHARY 2008). 

 SOA and the food sector 

Following the SOA framework, a decentralised approach for the food sector, would require 

the establishment of access points to exisiting systems where product- or process-related 

information is stored. This employs a combination of services and interfaces which interact 

with the existing systems-landscape, e.g. within an enterprise (blue) and the access platform 

(green) (see Fig. 4). These access points offer an identifiable point in the internet, were infor-

mation services with a specific content for a specific product can be requested. With this 

structural element information can be made accessible in a controlled way supporting the 

ownership and control of data. 

 

Fig. 4: Access platform framework (adapted from REICHE ET AL. 2008) 

The interconnection of these access platforms can be realised by establishing communication 

services on a peer-to-peer basis (CUTELOOP 2008). The long-term impact of this approach 

could lead to the establishment of an infrastructure based on access platforms, enabling the 

development of a sectorial network for the food-/ feed-supply network as whole (see Fig. 5).  
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Fig. 5: Long term vision – network of platforms connected by information services (adapted from REI-

CHE ET AL. 2008) 

This structure is similar to the current structure of the internet based on web servers all over 

the world linked by protocols for data transfer and communication. The benefit to the sector 

is generated through the ability to transport information in accordance with the complex 

network structure of the agri-food sector with its multitude of alternative trade- and produc-

tion processes as well as multiple connections between different branches. This infrastructure 

enables the exchange of information among actors in the sector based on business informa-

tion services to-be developed and is used as a fundament for the framework development in 

the remainder of this thesis. 

3.3 Framework development 

After shaping the idea of business information services from an information logistical point of 

view and elaborating the idea of a service-oriented architecture for connecting the actors in 

the food sector, the connection of both concepts is developed in this subchapter. 

The objective of the Business Information Service Framework (BISF) is to provide a generic 

framework for improving customer services, customer satisfaction and sector competitiveness 

through improvements in transparency and interaction between suppliers, customers and 

consumers based on a service oriented approach (see Fig. 5). To serve the previously pre-
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sented public and private requirements, the framework is concentrating on the establishment 

of generic information services based on the previously discussed theoretical background. By 

integration of principles of information logistics and service-oriented architecture, this 

framework aims at the provision of context-specific information to manage and control the 

distribution of food products towards the consumer. Major objectives in this relation shall 

enhance the current practice by focussing on: 

a) Improving the effectiveness of food safety and quality related activities, and  

b) Improving the efficiency of distribution processes. 

Following the principle of service orientation, this framework is focussing on the provision of 

product- and process-related information to meet customer needs with enterprise capabili-

ties (GABHARD AND BHATTACHARYA 2008), which is closely linked to the competitiveness of en-

terprises and has far-reaching implications for business capabilities, organisation structure, 

technical infrastructure, and the overall agility and efficiency of enterprise operations 

(HEUTSCHI 2007, ERL 2007, GABHARD AND BHATTACHARYA 2008). 

The BISF contains different layers from the definition of different information demands up to 

the sources where the required information is available. The overall framework is depicted in 

Fig. 6. 
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Fig. 6: Overview on the integrated framework (modified from GABHARD AND BHATTACHARYA 2008) 

The different layers are described in the following part of this chapter. 

3.3.1 Business process layer 

The business process layer defines the specific context and the resulting information demand 

that has to be met by the business information service. The business process layer of the 

framework integrates different perspectives: 

a) Workflows as an organisational and operational element in the value creation process 

in an enterprise. Tasks and activities related to this operational perspective include 
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decisions regarding the distribution of products, which are supported by business in-

formation services. The business process layer defines the specific situational context 

and the resulting information demand which has to be met by the information ser-

vice. 

b) Events, which trigger specific information demands in a situational context to manage 

and control the business process. These events can be divided into regular and excep-

tional events. 

c) Inter-enterprise interactions, which are required for the exchange of physical products 

and transaction-, product- and process-related information, which are triggered by 

specific events and tasks in the workflow. 

These perspectives are further described in this chapter. 

3.3.1.1 Workflow 

In general, a workflow describes a planned and organised sequence of consecutive tasks and 

activities in the scope of business processes (VAN DER AALST AND VAN HEE 2004) within or be-

tween enterprises. Due to the interrelation of these tasks and activities, information exchange 

is evident for optimal coordination between actors participating and interacting in this work-

flow (BECKER AND VOSSEN 1996). An essential part of workflows are decisions, which have to be 

taken on the basis of reliable information. The specific information demand is one starting 

point for the elaboration of business information services, which aim at the provision of in-

formation to support actors in the workflow.  

3.3.1.2 Events 

In general, events are described as specific situations that require the intervention of an actor 

to control and manage a process (NISSEN 2004, HELLINGRATH ET AL. 2008). Focussing on logis-

tics, distribution process related events occur during the distribution of physical products and 

require actions to continue, stop or change the process flow. These events can be separated 

into critical exceptional events and regular events. 

Regular events include all points in the process, where planned actions and tasks can be ap-

plied to control and manage the business process (HELLINGRATH ET AL. 2008). The appropriate 
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reaction to regular events requires information from different sources to make a reliable and 

appropriate decision for event handling (NISSEN 2004). 

Exceptional events relate to critical exceptional situations, where the process execution is 

distorted (HELLINGRATH ET AL. 2008). The classification of an exceptional event is based on rules 

that define in which context an event has to be classified as an exception. To manage these 

events, on demand information provision is necessary for decision support and minimizing 

negative effects on the business process (NISSEN 2004). 

3.3.1.3 Inter-enterprise interactions 

Within this context, an interaction is determined as a cross-organisational exchange of infor-

mation and tangible or intangible products, whereas intangible products are referred to as 

services. Interactions are based on workflows and control mechanisms in each of the partici-

pating organisations that are mutually agreed and harmonized. 

The widely accepted workflow pattern applying to the described interactions include push, 

pull and poll patterns (VAN DER AALST ET AL. 2003). To be specific, the described interactions 

can take place in a planned and organised way or on certain events requiring an inter-

enterprise interaction based on exceptional events. Additional requirements for inter-

enterprise interactions can be found in the European and national food legislation, i.e. emer-

gency product recalls protecting consumers from deficient products. 

The generic patterns for information exchange between enterprises based on the previous 

described interactions are depicted in Fig. 7 

 

Fig. 7: Push and Pull patterns in inter-enterprise interactions 

Interactions between enterprises concerning business information service is based on push 

and pull patterns, whereas the pull pattern is defined as feedback loop. The push pattern is 

applied, when product- and process-related information is provided directly with the product 
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based on common business practice. The pull pattern is applied, when information in a spe-

cific context is requested and provided detached from the product. 

Additionally, a third pattern could be facilitated by the introduction of the aforementioned 

decentralised approach previously presented in Fig. 5. In a network of identifiable access plat-

forms, a so called “poll” mechanism could be facilitated to access each platform to request 

information on a specific product. If information matching the request is available, it is pro-

vided to the platform where the request was initiated. This pattern is based on the pull-

pattern, but is facilitated on a 1-to-n base. However, this pattern is a theoretical opportunity; 

it is not followed further in this thesis to reduce complexity. 

3.3.2 Information service layer 

The information service layer discusses the business service alternatives as well as their acti-

vation patterns. 

Due to the previously described information communication requirements in the food sector, 

information on products as well as enterprises handling the product are of importance. In the 

BISF, information can be distinguished between static and dynamic product- and process-

related information: 

- Static information, defined as information that is collected once and does not change 

during the product’s lifecycle.  

- Dynamic information, defined as continuously changing information during the prod-

uct’s lifecycle. For example, product quality related parameters may change over time 

and require continuous monitoring to evaluate the products quality status. Another 

example might be the progress of the distribution process as well as process-related 

parameters, which change over time. 

For providing the different information types, three generic information services alternatives 

are intended: 

- Static information service focussing on the provision of static information, and 

- Dynamic information service focussing on the collection, aggregation and provision of 

dynamic information, 
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- Evaluation and Activity Service, for evaluation of received static and dynamic data for 

event handling and provision of appropriate actions. 

The sum of static and dynamic product information represents a virtually complete set of the 

products’ history during the product’s lifecycle and contains valuable information for tasks 

and activities in business processes. Therefore, both service alternatives provide the actors in 

the workflow with the required information for the specific event-related context. Due to the 

large amounts of products distributed within the food sector, the need for disburdening the 

user from evaluating single information of single product boxes is evident. The information 

service framework includes an activity service, which is linked to the static and dynamic in-

formation service alternatives and evaluates the received information according to prede-

fined rules. 

3.3.2.1 Static information service 

The static information service provides information about products that does not change 

during the products’ lifecycle (REICHE ET AL. 2008). This information may include not only pro-

duction-related quality parameters, but also information linked to the agri-food enterprises 

(e.g. certification information) the product passed during the distribution towards the con-

sumer. Due to market developments towards higher requirements on transparency, the need 

for regular information deliveries is increasing. Discussions on the safety and quality attrib-

utes of products, including the environmental impacts of production, or the social back-

ground of enterprises involved, ask for the provision of appropriate information and guaran-

tees. These guarantees are the main content of static product information. 
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Fig. 8: Static product information 

Static product information is delivered on a request-reply basis and is collected once and 

provided by the agri-food enterprises. Examples for static product information include all 

constant attributes referring to the product, the enterprises handling the product or other 

related objects e.g. the packaging. Prominent examples for static information might be the 

place of primary production (origin), or sustainability-related parameters, e.g. on the certifica-

tion of ecologic friendly production and transportation methods or the products’ packaging. 

3.3.2.2 Dynamic information service 

Dynamic product information can be described figuratively as the product’s backpack of in-

formation which increases throughout the product’s lifecycle (REICHE ET AL. 2008). It is supple-

mented by information collected at the different actors including transport in the supply 

network handling the product. A single not aggregated piece of information in this context is 

defined as status information, which can e.g. refer to the actual position of the box in the 

distribution process or a temperature at a fixed point in time in the box ambience. The ag-

gregation of this status information pieces is part of information services and creates a com-

plete picture of the distribution process or the product quality development during the dis-

tribution process. 
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Fig. 9: Dynamic and status information on a product 

The service is based on regularly repeated information collection, which can build on push or 

pull mechanisms. This service is of relevance for improvements in the food sector, because 

the missing communication and aggregation of single dynamic information pieces leads 

regularly to uncertain decisions. 

Examples for dynamic product information include all continuously changing product- or 

process-related attributes, such as e.g.: 

a) a set of changing positions of transport units showing the complete path of this unit 

during its distribution (tracking and tracing information), 

b) the temperature in the product’s ambience or aggregated the storage conditions of 

the product along the way through the supply network, 

c) Sustainability parameters, e.g. the carbon footprint, which requires aggregation of the 

different amounts of carbon dioxide produced at all stages including transport refer-

ring to a specific product. 

The decentralization options for this service are strongly depending on the technological 

development path. At the present level of technology, a central organization is required for 

collecting the information from the different actors participating in the distribution of a 
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product. Due to the high degree of mistrust in respect to centralized data collection and the 

fear of losing competitive advantages by providing information, some actors refuse to par-

ticipate in such activities. 

3.3.2.3 Evaluation and Activity service 

As mentioned before, the presented service framework enables the provision of product- and 

process-related information on transport unit level and below. The high amount of transport 

units distributed between enterprises on a daily basis requires a service for disburdening the 

user from screening every piece of information provided by the previously described infor-

mation services. 

 

Fig. 10: Evaluation & Activity Service with rule-based system functionalities 

Thus, the objective of this service is to analyse the incoming data from the information ser-

vices based on predefined rules and to provide formulated requests for actions in cases 

where action is required to prevent negative impacts on the process or deficient products 

reaching the consumer (see Fig. 10). 

Static and dynamic information is provided for a specific product unit. In this context, rules 

for filtering generically follow the question:  

Does the product or process comply with my requirements for it? –Yes or No 

This requires the identification and definition of indicators, thresholds and acceptance levels 

for comparison with received data from the information services as well as the definition of 

triggering rules for triggering the appropriate automated actions or presenting instructions 

for actions. Examples are provided in the reference processes in chapter 5. 
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3.3.3 Service activation pattern 

The initiation of the business information services builds on a number of distinguished activa-

tion patterns. These patterns are closely linked to the previously described events in the busi-

ness process. Three different but general activation patterns can be distinguished that focus 

on (REICHE ET AL. 2008): 

a) regular information delivery, where the information request between customer and 

supplier is usually initiated by the delivery of goods (regular event), 

b) information on demand (querying for information), where the information request is 

initiated by a context-specific information demand or as an reaction to an event, usu-

ally at customer’s end, and 

c) on exception, where the information provision is initiated by an exceptional event, 

usually at sender’s end (push approach). In the food sector, these events might in-

clude product recalls due to food safety issues or situations in processes, where nega-

tive impacts on food products have to be prevented. 

Regular information provision concentrates on all information that is provided attached to the 

product, including product-related information such as ingredients lists or quality signs, and 

process-related information such as e.g. delivery notifications. 

Information on demand deals with the satisfaction of irregular information demands arising in 

relation to a specific event at the users’ end. However, it is also an approach that supports the 

interest of providers of data regarding data ownership and data confidentiality, because the 

provision of information can be denied or granted based on predefined rules. Information is 

just provided in case of formulated requests, serving a specific need, and in a controlled envi-

ronment to support trade relationships or legal requirements. It is evident, that potential us-

ers of data have an interest in receiving data on a regular basis and not just “on demand”. 

There have been attempts in food chains to replace serving irregular information needs “on 

demand” by general data transfers from data generating groups to data users at later stages 

of the chain. As an example for the approach, retail might be interested in receiving farm 

production records on a regular basis to be able to always check for possible causes of prod-

uct deficiencies in case deficiencies have been detected and to avoid the data request activity 

“on demand”. However, such requests meet resistance when data ownership is considered of 
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competitive value. In the food chain scenario, information on demand is of broad interest. Its 

focus may involve the provision of information on product quality provided by traders in their 

data bases, from online monitoring of the quality and spatial location of products, and on the 

origin of products and their distribution throughout the chain to allow the identification of 

their tracking and tracing history in case of need.  

Exception reporting is based on a routinely automated background query of available product 

information from other information services. If there are irregularities with incoming products 

(captured through applications) that require specific attention by the customer, an exception 

is reported to the user. Missing or incomplete information on a product, such as product 

laboratory results or certification information can have a negative effect on distribution even 

if the product is in an uncritical condition (SCHRÖDER 2008). Exception reporting is of specific 

attractiveness as they support the identification of deficiencies without information overload 

at the user’s end. With relation to the information needs in the food chain scenario, exception 

reporting could focus on (REICHE ET AL. 2008): 

a) quality deviations in harvested products, product origin or producers (e.g. missing 

certification), 

b) critical situations during transport, that are able to influence quality deteriorations of 

products, 

c) delivery and transportation delays that may be identified through online monitoring 

activities. 

3.3.4 Enabling technology layer 

Information and communication technology (ICT) developments and improvements, espe-

cially in the area of Internet related technologies, are fast paced and provide potentials for 

companies to improve business processes by integration of technologies e.g. for automation 

of processes. Especially network technology, such as RFID, has a tremendous improvement 

potential for inter-enterprise processes in supply networks. However, given the wide variety 

and the fast development, the selection of suitable technologies for existing business proc-

esses is a complex task, which involves the analysis of process support potentials provided by 

technological advances and provided functionalities. In the enabling technology layer differ-

ent information and communication technologies represent supportive ICT solutions, provid-
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ing the technical base for the realisation and implementation of business information ser-

vices. 

3.3.4.1 Supportive ICT solutions 

Supportive ICT solutions are described as integrated technological components based on 

stationary or mobile networked technological devices with the ability to communicate over a 

communication network. The establishment of information services providing information 

from a source (data cluster) to another require infrastructural and operational functionalities. 

Infrastructural functionalities are all functionalities for establishing the information flow and 

include data output, data input and data transfer functionalities. Operational functionalities 

include rule-based functionalities for filtering the information flow and triggering required 

actions. These functionalities are integrated in networked devices for realising the business 

information service and connect the information source and business process layers of the 

framework. Besides prominent examples such as existing systems, mobile computers or 

handheld devices such as scanner or smartphones, technologies such as RFID devices are 

taken into consideration. The technology layer describes the application of key technologies, 

which enable and support the information exchange related to the physical product. While, 

the available supportive ICT solutions in an enterprise environment are highly heterogeneous, 

this approach focuses on technology required to link physical products to information avail-

able at the information resource layer. Examples of selected key technologies are: 

- RFID linking physical products to information by unique identification of products, 

- Scanner devices (stationary or mobile), which interact with the RFID-tags and the 

user to receive and provide information from and to data clusters, and 

- Software agents that autonomously interact with devices and data clusters to search 

relevant data related to an identified physical product. 

3.3.4.2 Technological development path 

Due to the traditionally high dynamic and heterogeneity of technological development in the 

IT sector, the impacts for the competitiveness of enterprises have to focus not only on today’s 

IT infrastructure, but also on emerging new technologies offering improvement potentials 

(FRIEDLI 2005). To optimise the facilitation of technology in this framework a technology im-

pact assessment based on technology characteristics and their impact is done on a generic 
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base. According to BULLINGER (1994) such an analysis has to include the long-term effects 

gained by implementation and facilitation of new technologies compared to existing tech-

nologies. This requires not only the analysis of the internally existing ICT, but also of external 

conditions set by the business sector as well as possible future developments (GESCHKA ET AL. 

2005). Especially the aspects of future developments are critical for sustainable ICT adoption 

decisions and are part of so called technology roadmaps. These roadmaps represent devel-

opment paths of different technology alternatives based on expert knowledge and analysis. 

The objective of technology roadmaps is therefore, the communication of visions, the inves-

tigation of impacts of new technologies as well as the monitoring of progress in the field of 

ICT, to enable improvements in planning ICT investments (GESCHKA ET AL. 2005, KRCMAR 2005) 

The framework takes a generic development path of technology, or a so called technology 

roadmap, into consideration. A possible development path of networked devices could be 

specified in three levels: 

a) a present level, employing today’s technology base, 

b) an intermediate level, with a five year development focus, and 

c)  a visionary level. 

Technological development increases the capabilities of networked devices and thus the in-

tegration of additional infrastructural and operational functionalities. Due to the general 

technological development the capabilities of the networked devices increase over time. In 

respect to the emerging mobile technologies, the second and third level emphasises the in-

tegration of mobile technologies and related communication networks for information provi-

sion. The development path is depicted in Fig. 11. 
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Fig. 11: Generic technological development path (REICHE ET AL. 2008) 

The technology developments lead to service improvements in two principal dimensions: 

1. Technology developments allow increased integration of different components into 

single network devices leading to improvements in service efficiency.  

2. Technology developments provide increased capabilities of network devices in stor-

age, processing, sensor or communication which allow improvements in filters, trig-

gers and other components leading to improvements in service quality. 

The technology development path focuses on the increasing opportunity to build decentral-

ised communication schemes that make centralized coordination obsolete. This is a critical 

success factor for the improvement of current practice, since centralised solutions are not 

accepted for the purpose of broad exchange of product- and process-related information. 

Due to this lack of acceptance many centralised solutions failed because of data ownership 

issues and possible negative effects on competitiveness. The visionary level aims at minimiz-

ing the required central coordination needs. This enables the identification of intermediate 

and advanced opportunities provided by the abovementioned development path adapted for 

these technologies. 
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3.3.4.3 Communication networks 

The interaction between the distributed data sources and networked devices providing the 

service result to the user is based on two assumptions: 

a) the data between clusters and devices is exchanged via defined data exchange inter-

faces 

b) the data transfer between both elements facilitates communication networks. 

Data exchange interfaces between systems are mostly individually developed using prede-

fined standards such as e.g. the Electronic Data Interchange Standard (EDI).  

Communication networks describe the communication infrastructure available within the en-

terprise or its environment. Communication networks are generally divided into earthbound 

cable-based and different wireless radio-based communication networks (WAMBA ET AL. 2008). 

The following table shows the different options: 

Table 3: Classification of communication networks  

 
Type Range 

 cable-based radio-based local continental global 

Local area net-
work (LAN) 

X  X   

Wide area net-
work (WAN) 

X    X 

Wireless local 
area network 
(WLAN) 

 X X   

Global system for 
Mobile communi-
cation (GSM) 

 X  X X 

Satellite networks 
for communica-
tion (SAT) 

 X   X 
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Communication networks connect sources providing content for the information services to 

the internet and on the other side service consumer and their networked device to the inter-

net. 

3.3.5 Information resource layer 

The information resource layer defines the data sources or clusters, representing collections 

of specific information, required as sources for the business information service. 

In the food sector, the most important sources for food safety and quality information are 

either information systems in the enterprise (IEIS), information systems that focus on quality 

management schemes (e.g. Q+S, GlobalGAP) or focus on traceability (e.g. GlobalGAP) sum-

marised under the term network/sector focussed information systems (NSIS) (SCHIEFER 2006, 

DOLUSCHITZ ET AL. 2007, LEHMANN 2011). 

Due to division of labour and the agricultural production and industrial processing of food 

products over different stages in the supply network, information is generated at each par-

ticipating enterprise at every level of the food supply network. This leads to a primarily stage-

specific character of information (GAMPL 2006). Another important factor is the agricultural 

production stage, where fundamental food quality and safety information is generated dur-

ing the production and quality control processes. 
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4 Methodology for designing business information services 

The business information service framework that has been developed in the previous chapter 

describes the integration of an information service into business processes, which define its 

scope and requirements. The next step towards the development of an information service 

and the connection of information sources to user information needs is elaborated in this 

chapter. The different perspectives of BIS development require a clear modelling approach 

for identification of the service context and content as well as the integration of technology 

to establish the service. However, most existing modelling frameworks in the field of business 

process and information management focus on the organisation of intra-enterprise produc-

tion and information processes (LEHMANN ET AL. 2010). This framework follows the design-

oriented approach of this thesis, by the construction of new artefacts (VERDOUW 2010) re-

ferred to as interaction models for business information services. These aspects are com-

monly captured in reference processes, which in general represent reusable variants of proc-

esses, which involve the best practice for a specific type of business process within a particu-

lar industry sector (MATOOK AND INDULSKAA, 2009). 

Due to their normative character, reference models represent often recommended future 

aspects of reality. The prediction of reference models therefore relate to future circumstances 

and must enable the deduction of operational possibilities. Reference processes are per defi-

nition at the same time not only employed in a singular situation, but also refer to a class of 

application cases (BECKER AND PFEIFFER 2007). 

In the context of this thesis, reference processes capture and integrate available technology 

potentials of different levels and of sophistication and the integration of generic infrastruc-

tural and operational functionalities to provide information from one point to the point 

where it is required. An overview on this design framework is presented in the following fig-

ure. 
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Fig. 12: Overview about the BIS design framework 

While the scope and purpose of the information service where discussed previously, the de-

scription of the modelling framework based on generic elements representing functionalities, 

their integration into networked devices and the composition of these integrated compo-

nents for service organisation are the objective of this chapter. 

4.1 Modelling Framework 

The modelling framework is oriented at the Unified Modelling Language (UML), which is the 

de facto modelling standard for this purpose (LEHMANN 2011). However, using UML models 

for this purpose would generate models that may have a high level of detail but reduce the 

comprehensiveness. To reduce this complexity, a modelling scheme is presented in this chap-

ter that focuses on the description of system components and functionalities in a simplified 

way. This modelling framework has been developed for the description of reference proc-

esses in the CuteLoop project and is part of REICHE (2010a). 

As previously described, business information services require information provision from 

different sources. Technically, the information services can be described as a sequence of 

integrated technological components, establishing a directed information flow from the dis-

tributed information sources to an information service consumer. The objective of this mod-

elling framework is the description of information exchange processes between two observa-

tion units and the description of processing received information for decision support. Infor-
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mation exchange processes take place between different integrated technical components 

providing basic functionalities for information exchange and processing. In order to establish 

business information services, both issues have to be taken into consideration. To meet this 

requirement, the modelling framework defines graphical representations of the previously 

discussed basic functionalities of integrated technological components. It consists of two 

element categories representing basic functionalities: 

� Infrastructural elements, such as data input and output, transfer and storage (data 

clusters) elements enabling the information exchange between different integrated 

technical components. 

� Operational elements, such as filters, triggers, actions and search elements repre-

senting the information processing, evaluation and provision of the service results to 

the service consumer. 

The shapes for the different modelling elements are depicted in the following table. 

Table 4: Modelling shapes representing the elements 

 

The generic character of this framework enables modelling information transfer processes 

independent from business domains.  

4.1.1 Infrastructural Elements 

Infrastructural elements can be separated into data input, data output, data cluster as well as 

data transfer elements. The main objective of infrastructural elements is the establishment of 

Data
Cluster

Filter

Trigger

Data 
Input

Data
Search

Data 
Output

Action

network

physical data transfer

external data transfer

internal data transfer

Operational elements Infrastructural elements
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an information flow between two integrated technical components by forwarding data and 

reception of data. 

Data Input 

The data input element defines the functionality, which is required during the information 

exchange process, at the point where data is received or collected using system-to-system or 

system-to-user interfaces. Data input elements can be linked to data clusters or operational 

elements using data transfer elements. Data transfer and data input combinations (DT-DI) 

represent the receiving part of a system-to-system interface, which is required for informa-

tion exchange processes. 

 

Fig. 13: Data input element 

Data Output 

The data output element defines the functionality, which is required during the information 

exchange process, at the point where data is send using system-to-system or presented to a 

user by system-to-user interfaces. Data output elements can be linked to data clusters or 

operational elements using data transfer elements. Data transfer and data output combina-

tions (DO-DT) represent the sending part of a system-to-system interface, which is required 

to establish information exchange processes. 

 

Fig. 14: Data output element 

Data Cluster 

Data clusters represent collections of specific information. Such data clusters may be realised 

as technical systems, e.g. information systems, intranets, extranets or electronic data bases in 
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general. Each business information service includes at least one data cluster, which provides 

content for the business information service.  

 

Fig. 15: Data cluster element 

Data Transfer 

Data transfer elements are connections, representing the transport of data between all other 

elements for constructing the information flow between information provider and consumer. 

It requires two elements marking a starting and an end point.  

Data transfer can be divided in three types: 

� physical data transfer (data attached to an physical object), 

� internal data transfer (data transfer between elements within one integrated technical 

component), and 

� external data transfer (data transfer over a communication network). 

Physical data transfer is defined as the transport of physical attached data to objects, which 

are transferred between actors in a supply network. The physical data can be directly at-

tached to the product (e.g. labels, barcodes or RFID-tags) or is distributed with the product 

(e.g. delivery receipts). 

Internal data transfer describes the transport of data between two elements within an inte-

grated technical component. Internal data transfer is the easiest way to transport data be-

tween elements, because it is a transfer without media breaches or external data interfaces. 

External data transfer is defined as the transport of data between two integrated technical 

components via defined data interfaces. The external data transport is a complex data trans-

fer, because it requires the transfer of data over a communication network and defined data 

interfaces as well as data communication standards.  
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4.1.2 Operational Elements 

Operational elements represent basic functionalities required for processing data received 

from the information flow to provide it to the business information service consumer. Opera-

tional elements are separated into filter, trigger, action and data search elements, which pre-

pare received data for decision support and are key elements of the business information 

service framework. 

Filter 

A filter element is a basic processing functionality, which compares aggregates or merges 

received data from different sources with data from existing data clusters or simply filters 

received data according to predefined rules. A filter always receives data from other data in-

put elements, processes it and forwards it over to other elements. A filter element is always 

attached to a data output element or a trigger element and at least one data input element. 

In Fig. 16 an example of a filter element is depicted. 

 

Fig. 16: The filter element with different data inputs and one data output 

A generic example for a filter element is the separation of significant data out of a continuous 

stream of incoming data (left) or the comparison of existing data with received data (right). 

The way the received data is processed in the filter follows a certain sets of rules. 

Trigger 

A trigger element represents a basic processing functionality, which selects appropriate ac-

tions based on inherent predefined rules and the received data from data input or filter ele-
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ments. In comparison to the filter element, a trigger does not access existing data for com-

parison or aggregation. A generic trigger element is depicted in Fig. 17. 

 

Fig. 17: The trigger element 

The trigger element is usually placed at the end of a business information service sequence 

and proposes appropriate actions, providing the service result to a user or starts a new ser-

vice sequence. Trigger elements are rule-based decision support functionalities and provide 

context-specific instructions to the service consumer. Processed data from a filter element or 

a pre-processed signal are possible inputs for a trigger element. 

A generic situational example from the distribution process might be the reception and 

evaluation of products according to specific rules. The user has different choices to proceed 

with the products in the process, which are based on rules. The decisions to be taken at this 

point in the distribution process might include: 

� the rejection of a product due insufficient quality (Action 1),  

� the product can be distributed to the next actor, because of missing abnormalities 

(Action 2), or  

� the product has to be temporarily removed from the distribution, a sample has to be 

taken and send to a contracted laboratory for analysis (Action 3).  

The action, which is initiated by the trigger element, is depending on the context-specific 

rules linked to the tasks in the workflow. The presentation of the service result (action) de-

pends on the capabilities of the technological device in which the trigger element has been 

implemented. 
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Actions 

Actions are specific rule-based activities executed by the trigger element. Therefore, actions 

are characterised as service results presented to a service consumer as instructions or as an 

executor for a new sequence of generic elements. 

 

Fig. 18: Action element 

Data Search 

The data search element is a special type of action. It starts the automated active search for 

data in existing and connected systems able to provide context-specific information required 

by the service consumer. The search for context-specific data is followed by a new sequence 

of elements starting with a data output element, representing the request for information. 

The search element can be seen as a starting point for initiating a business information ser-

vices. 

 

Fig. 19: Data search element 

Specification of rules 

For developing business information services the specification of rules for the rules-based 

generic elements is inevitable. These rules are closely linked to provided data and require-

ments related to the operational context within the enterprise as well as external stake-

holders. The objective of rules is to adjust and reduce the available and received information 

to a situation context to disburden the user from evaluating the complete set of information. 

The transfer from reference models developed with this framework to specific implementa-

tions requires as well the definition of business sector specific and enterprise application spe-
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cific rules, these rules are elaborated out of the previously presented generic rule depending 

on the type of data provide and the business rules that can generally be divided into: 

� Domain specific rules, which vary from business sector to business sector, and 

� Application specific rules, which are highly specific for the single implementation of 

the business information services based on the provided data. 

4.1.3 Frames 

Frames separate the model into different clusters of generic elements according to different 

objectives in the modelling framework.  

Integrated technical components 

Integrated technical components are the representation of basic technologies and integrated 

basic functionalities (i.e. elements). According to their definition, integrated technical compo-

nents include basic technology as a platform, which provides basic functionalities for a spe-

cific business information service (KRCMAR 2005). For modelling business information services 

based on the previously identified key technologies, these components are marked in a spe-

cial way to demonstrate and highlight their development in the different technology levels. 

 

Fig. 20: The frame for marking an integrated technical component 

From an information logistic point of view, integrated technical components represent nodes 

receiving or providing information to establish directed information flows by facilitating 

available information network. 

Basic technology units 

Basic technology units are individual and not reusable combinations of generic elements and 

existing technology in the enterprise IT infrastructure. While they follow the same definition 

as integrated technological components, they are marked differently in the business informa-

tion service models. The reason for differentiation is based on the individual and non-generic 
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character of these systems. These units refer to existing technology and existing systems for 

compensation of missing technological capabilities of the integrated technological compo-

nents in the focus. Basic technology units require a data input and a data output element to 

provide or receive data from integrated technical components or other basic technology 

units. 

 

Fig. 21: The frame for basic technology units  

Observation units 

Observation unit frames separate the model into business responsibility areas. According to 

the purpose of the modelling framework, to model inter-enterprise information flows, the 

need for a separation of the business areas of enterprises is inevitable.  

 

Fig. 22: The frame for marking an observation unit 

For developing business information services in an inter-enterprise environment, the separa-

tion of responsibilities and the related activities in the business information process between 

the enterprises is important and represented by this frame. 

Physical objects 

Physical objects are key elements for the business information service framework. They repre-

sent the objects in focus of decision making, such as process-related decisions in distribution. 

Following the train of thought of the definition of information logistics, the flow of physical 

objects has to be controlled and managed, which includes the contact with the physical ob-

ject at a certain point in time and space. Business information services in general provide de-

cision support for this and related management tasks. 

Observation 
unit
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Physical objects can be utilized for transferring data as well (see physical data transfer). They 

represent a special type of data cluster linked to a physical good, which is distributed from 

one enterprise to another. In the business information services physical objects equipped 

with identification tags/labels are important elements in the business information service 

framework. In the framework physical objects are represented through a box with an at-

tached data cluster, which is depicted in Fig. 23. 

 

Fig. 23: Physical object with attached data cluster 

In each model, physical objects carry identification information and possibly other product- 

or process-related information, which is required for linking product- and information flow 

and thus enabling the business information service. 

4.1.4 Application of the modelling framework 

This chapter provides an insight how to use the generic element for describing the informa-

tion processes related to the business information service. The application of generic ele-

ments for the service description follows a basic input – processing – output scheme. The 

description focuses therefore on the functionalities of the systems and the data flow between 

them. It explains how the generic elements are used for description of generic information 

and communication processes with the purpose of mapping the needed data collection, 

processing and provision process steps for realisation. 

In every sequence data input, data processing and data output elements have to be set, to 

complete a basic description of a business information service. A generic representation of an 

input – processing – output scheme is elaborated in Fig. 24. 

 

Fig. 24: Basic sequence of generic elements 
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This basic sequence represents the core of each side of the business information service. In 

the enterprise, which has to collect and prepare data for the service and in the service con-

suming enterprise, such a structure can be found. Because of the variety of systems and the 

individual process design variations of this sequence or other combinations of generic ele-

ments are possible. Due to the generic nature of this modelling framework, the feasible com-

binations are linked to data input, output and processing alternatives in Table 5. 

Table 5: Feasible combinations of generic elements 

 

This table shows different feasible combinations of generic elements for describing the data 

input, data processing and data output in the flow of information between or within enter-

prises and the business information service linked to this flow. Generic action elements are a 

special type of output and are closely linked to the rule-based trigger elements. Actions are 

bivalent elements, which can be used as an output to a user to take appropriate actions or as 

a starting point for a new sequence of information exchange. 

4.2 Modelling of business information services 

Following the train of thought presented in Fig. 12, the transfer of the framework for the de-

velopment of specific application cases requires: 

� the definition of the scope and purpose of the information service based on informa-

tion needs, 

� the specification of rules for filter and trigger elements based on data provided by the 

information service 

� the selection of technology for realisation. 
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As previously discussed and now presented in Fig. 25, the information exchange between 

enterprises can be realised in two ways: 

 

Fig. 25: Options for information exchange 

The organisation on the left side of the figure represents the business information service 

provider, whereas the organisation on the right side represents the service consumer. 

Accordingly, the feasible combinations for data input and data output in the business infor-

mation service sequences can be realised by providing information over a communication 

network or together with the physical product. The first option of exchanging data between 

enterprises is via a defined data exchange interface, which is modelled as a data output from 

a system, while the external data transfer facilitates a communication network and the data 

input into another system ([DC-DO]-DT-[DI-DC]). The second option of transferring data be-

tween enterprises is facilitating a physical object with an attached data cluster as data carrier 

([DC-DO]-DT-[DI-DC-DO]-DT-[DI-DC]). This physical object described by [DI-DC-DO] is 

handed over to another enterprise in the value chain in the distribution process. 

These combinations of data input are linked to data processing element such as filters or 

filters and trigger elements. The provision of data captured from physical objects character-

izes the initial event of a business information sequence. Additionally, the data collection rep-

resented by those feasible element combinations is an important part in the preparation of 

data for the provision of information via a business information service. The data output ele-

ments provide information to other systems, which are linked to them. In many cases this 

generic data output is followed by a data input element at another system. These data ex-

change interfaces are described below. The data output in general starts the data provision 
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to other systems within or outside the enterprise and is usually the end of a business infor-

mation service sequence. 

Business information service provider 

As presented in the basic sequence, processing plays an important role in the sequence. An 

example of the application of the modelling framework for the processing of received data is 

depicted in Fig. 26 and Fig. 27 .The service provision is based on additional activities which 

are required to collect and prepare the information for the business information service. This 

example applies the basic sequence (Fig. 24) and the options of information provision (Fig. 

25) in a generic example of a business information provider presented in Fig. 26. 

 

Fig. 26: Generic example for a business information service provider 

The additionally required activities include the collection of product information e.g. from the 

internal quality management, which is linked to the identification information of a specific 

physical product batch and stored in the central data cluster of the service provider (steps A-

C). Following the train of thought presented in Fig. 25, the product information can be pro-

vided  

� attached to the product (steps D-E), or  

� detached using a communication network and defined data exchange interfaces 

(steps 1-5). 
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The business information service sequence starts with a request, which is send from the ser-

vice consumer after receiving the product. This request is based on the product identification 

information provided with the product. This request is processed and verified in the filter 

element (1-2). If product information for this specific batch is available, the response is for-

mulated and provided to the service consumer (3-5). Additional rules can be integrated in the 

filter element evaluating the acceptance of the request and the willingness to share informa-

tion with the service consumer. 

Business information service consumer 

In this sequence, which is a feasible combination of elements as well, the filter and trigger 

element are integrated in the same integrated technical component (e.g. a handheld scanner 

device). This component supports the user in taking appropriate decisions at the point of the 

distribution process (=task), where a product is received (= event). 

The service consumer has to collect information to establish the information service. Either 

the product information has been attached to the product or the information has to be re-

quested using the provided information (i.e. identification code from physical product). The 

rule-based data processing of product- and process-related data for decision support builds 

the core of this sequence. It represents the evaluation of received information and existing 

information, its processing and the final decision making. 

 

Fig. 27: Processing sequence example (single technical component) 
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This example includes aggregation of received data (i.e. product identification data) with ex-

isting data (1-2), as well as the evaluation of contents provided by the received data from the 

business information service. The Trigger element (3) evaluates the processed data from the 

filter element for executing the appropriate action (4) related to a predefined set of rules. This 

starts a new sequence (5) that results in an information provision (6). The following filter-

trigger-action (7, 8, 9) sequence is equivalent to the first sequence. Alternatively, the com-

plete product information set can be provided attached to the product, which makes the 

steps 4 to 7 obsolete. 

The action in the sequence provides the result of the evaluation to a user. These elements 

represent appropriate actions to support the decisions and activities in the business process 

layer. The integrated technical component as a whole is closely linked to the technology layer 

and supportive ICT for the user in the workflow. The different sources of information (i.e. in-

ternal data cluster, information service, physical product) refer to the data cluster layer. This 

integration allows describing the situational context in the business process as well as techni-

cal requirements for implementation. The complete model of this example can be found in 

Appendix D. 

Interaction pattern for information provision 

The business information services are based on service activation patterns for inter-enterprise 

information exchange. These patterns support the development of principle reference proc-

esses, which support the development of domain specific instantiations of business informa-

tion services. These information provision interaction patterns are building the core of each 

business information service. 

The regular information provision (“push”) is based on the agreement of information ex-

change between enterprises on a regular basis. This regular information exchange over a 

communication network can be triggered by specific events, like e.g. the reception of a prod-

uct. It is based on the generic sequence which is depicted in Fig. 28. 

 

Fig. 28: Regular information provision 
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In the generic configuration of this interaction pattern, data is stored in a data cluster and is 

provided by facilitation of an interface (DO-DT-DI) to a data input element at a foreign actor 

or system. 

The querying for information is a more complex interaction pattern. It represents a two-way 

communication pattern, where information requests and responses are exchanged. This 

“pull”-pattern includes functionalities, respectively elements, for data reception and sending 

(data input and output), data storage (cluster) as well as rule-based elements (filter and trig-

ger) for processing the information request. The generic interaction pattern of querying in-

formation is depicted in Fig. 29. 

 

Fig. 29: Querying for information (on demand) 

As shown in Fig. 29 the information request (right side), which was transferred via an informa-

tion network, is received by a data input element. It is forwarded to a filter element, which 

evaluates and processes the received information request based on the existing information 

stored in a data cluster and following rules. The result of this request is forwarded to the trig-

ger component, which executes a new sequence, which in turn sends a response back to the 

requesting actor or system. The sending of a response follows vice versa the reception of a 

request. 

The aforementioned interaction patterns can be linked to an exception reporting pattern, 

respectively activity service, which evaluates the received information. The activity service is 

an additional service, which allows the combination with the previous interaction patterns. In 

Fig. 30 a generic description of this interaction pattern is depicted. 
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Fig. 30: Information provision on exception (exception reporting) 

As shown in Fig. 30, this interaction pattern contains three units. The left unit represents the 

provision and reception of data, the middle unit represents the activity service itself and the 

right unit represents the provision of the evaluation result from the activity service. The send-

ing and receiving unit can be situated in the same enterprise or can be provided by a service 

provider. 

Following the train of thought presented in the two previous interaction patterns, the data is 

received at the data input element and forwarded to the filter element. The filter is of impor-

tance in this sequence, because it represents the rule-based evaluation of received data and 

the discovery of an exception. In this element, data is filtered according to generic pre-

defined rules and to whether a deviation from a pre-specified acceptance level occurred or 

not. If an exception is detected, a notification is forwarded to the trigger element, which trig-

gers a pre-defined information provision (the exception report) via the data output and the 

information network to pre-defined recipients. 
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5 Information services for the fresh fruit and vegetable sector 

After identifying the general challenges, information needs and barriers in the food sector 

and the development of the business information service framework, this chapter focuses on 

the application of the BISF to the fresh fruits and vegetable sector. The objective of this chap-

ter is to transfer the presented business information service and design framework to se-

lected application cases within this scenario concentrating on the identified information 

needs stated in the research objective and chapter 2. This chapter is based on SCHIEFER ET AL. 

(2008b) and REICHE (2010b). 

5.1 Scenario description 
This application scenario focuses on the fresh fruit and vegetable sector, which is part of the 

food sector. The sector involves a network of enterprises reaching form farmers to retailers. It 

thereby encompasses various types of companies from microenterprises at the farm- to LEs 

at the retail-level. In these heterogeneous structures enterprises need to cooperate on an 

operative level in order to provide consumers with the desired service level. 

Fruits and vegetables reach the consumer in form of many different products. Apart from 

fresh fruits and vegetables, usually referred to as produce, fruits and vegetables may be 

found in frozen food, in juices or in many varieties of processed food including marmalades 

or dried foods. However, the basic food chain is based on fresh produce where fruits and 

vegetables are being produced by farms and delivered to consumers through various trading 

and packaging stages but without any changes in shape and content. Due to the biological 

requirements of fruit and vegetable cultivars and the consumer’s preferences, the import and 

export within the European trading zone and foreign countries are important factors for the 

supply with these products. 

A typical produce chain involves (Fig. 31) 

a) the production stage, represented by local and foreign farmers that produce,  

b) fruit and vegetable traders that package and bundle farmers’ products in e.g. boxes 

for sale and further distribution, 

c) distribution centres that prepare fruit and vegetable deliveries for distribution to indi-

vidual retail outlets, and  

d) retail outlets that sell fresh produce to consumers. 
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Fig. 31: Generic chain for fresh fruits and vegetables 

The fruit and vegetable chain is usually part of a wider supply network where traders or dis-

tribution centres might order produce from outside their regular suppliers to provide their 

own customers with produce, which their regular farmer suppliers cannot deliver. Similarly, 

traders might deliver some of its produce to customers outside their regular distribution cen-

tre customer base. Third party service providers are supporting actors with solutions for pro-

duction, packaging and transports, but also for quality management and control. Any con-

cepts for improvements need to consider these dynamic linkages and develop appropriate 

integration approaches and security measures for the protection of all participants’ interests. 

It is common to package fruits and vegetables in crates (boxes) and especially boxes that are 

reusable. These boxes usually circulate with the product between production and retail out-

lets, whereas the provision of fresh boxes to production (via trade) and the collection of used 

boxes (via distribution centre) can be organised in different ways. This requires managerial 

engagement which is provided through external service providers (box management) which 

provide the boxes as well. On the other hand it offers the chance for a chain-wide tracking 

and tracing system based on these boxes, because the product never leaves the crate until 

retail. 
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Fig. 32: Possible cycles of reusable crates 

The exchange of goods between stages requires communication between suppliers and cus-

tomers. The involvement of consumers represented retail, which orders produce according to 

specifications meeting the consumer’s demand for fresh and qualitative products in a high 

variety and all-year availability. 

Information needs 

While the fruit and vegetable chain is represented by a straightforward linkage of a few 

stages in production and trade, the needs for the delivery of trustworthy quality guarantees, 

quality preservation and organizational efficiency are of paramount importance. 

Fruits and vegetables are perishable products where quality is the focus of public and private 

requirements based primarily on food safety concerns (e.g. EC NO. 396/2005) that require an 

appropriate control of a variety of parameters in production and logistics. Quality deficiencies 

cannot be removed and might not only lead to decrease in sales but even to market break-

downs where consequences reach beyond the enterprises and chains that are responsible. 

Product quality is primarily dependent on conditions during farm production and, upon har-

vest, on treatment, temperature control and time to market. For the delivery of quality guar-

antees to customers, emphasis is put on an appropriate pre-harvest quality analysis and 

monitoring of quality preservation of products during storage and transport through the 

supply chain. Trust in the validity of results as well as monitoring information and a trustwor-

thy and timely communication of results towards customers are required. 
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Critical success factors in efficiency considerations are related to the very early and later 

stages of the chain. They concern the timely delivery of boxes for packaging of produce and 

the timely delivery of products to retail. For the delivery of fresh fruits and vegetables, the 

time of delivery to retail according to agreements is crucial as products cannot be stocked or, 

if delays occur, have to be sold at other times for which other orders have already been 

placed. Apart from information on harvest times, the monitoring of inner- and cross-country 

product movements through the chain and especially of the transport situation in the final 

stages including delays due to traffic conditions is of high relevance.  

Barriers 

The provision of trustworthy quality guarantees, the monitoring and control of changes in 

quality during the product flow between trade and retail, and the monitoring of transport 

situations builds on “applications” that collect and process the necessary information and on 

the availability of appropriate network based and flexible communication services that serve 

the information needs of actors within and beyond the chain and provide the link between 

production, trade, box management, and retail customers (SCHIEFER ET AL. 2008b). 

However, the present communication landscape is dominated by enterprise specific applica-

tions and solutions with very limited communication across enterprise borders that reach 

beyond the exchange of basic business documents as, e.g., bills or product documents. 

There is well-established post-harvest quality analysis and product quality analysis at individ-

ual stages. However, the linkages between stages and food chain actors that allowed 

a) a product based tracking and tracing through the chain, 

b) the access to quality information at different stages, 

c) the support of trust in product deliveries through the communication of appropriate 

trust generating parameters like the origin of products or the evaluation of producers 

and suppliers through e.g., quality certification, 

d) the online monitoring of product flows with the identification of changes in quality 

and of problems in the transport situation that might risk delivery times, and 

e) the continuous monitoring of box movements 
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are poorly developed. Furthermore, customer interaction that reaches beyond the ordering of 

products is not well established (SCHIEFER ET AL. 2008b). 

5.2 Selected application cases for information services 
Present trading relationships are not yet prepared for the abovementioned issues. The prob-

lem is not the organization of information flows as such, as the exchange is common begin-

ning with information on sales documents. Problems arise from: 

- the quantity and diversity of information to be dealt with in collection, processing, 

and distribution and 

- the diversity of customer needs and information rights as determined by the willing-

ness of information owners to share information in more or less trusted relationships. 

Empirical studies show that partner relationships building on partner trust are of high promi-

nence in the food (FEARNE AND HUGHES 2000) and especially in the fruits and vegetables sector 

where quality of products is of high value but sensitive to production and treatment (KADER 

2005, KADER 2002, MENCARELLI ET AL. 2005). In the sector, partners had to rely traditionally on 

suppliers’ trustworthiness and product quality guarantees. 

This opens the way for the three application cases for information services, which focus espe-

cially on the advanced and high quality markets that innovate and lead the way. Expectations 

of agri-food enterprises in these application cases can not only be met by improvements in 

information distribution and communication but also by developing an appropriate access 

control that assures that information reaches the intended recipient but nobody else. Any 

technological solution needs to respect this limit to find acceptance in the sector. Earlier ad-

vancements in technology that tried to bypass this requirement have failed. Therefore, this 

scenario focuses on the development of a decentralised organisation scheme following the 

idea of service-oriented architecture and the concept presented in Fig. 5 in chapter 3.2. 

The network view builds on general access points that allow network interaction as an alter-

native to point-to-point communication agreements. Access points allow the activation and 

utilization of services. Depending on the available levels of technology, such access points 

could be located at the enterprise e.g. on internet web site implementations, or virtually rep-

resented by computer based internet service access opportunities. The network interaction 
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supports flexibility and decentralization in the sense that participation in interaction activities 

does not need to build on a pre-determined integration in an interaction scheme but offers 

opportunities to join if needed. 

5.2.1 Information Services 

The following information and activity services will be elaborated for this scenario: 

1. Provision of information (static information service) on the quality status of products 

on a regular or on demand basis to serving increased information needs along the 

chain and with consumers without compromising the competitive protection interests 

of those who provide the information. This service is elaborated in chapter 5.3. 

2. Provision of information (dynamic information service) from online monitoring of 

product quality which, as a dynamic view, might employ all three patterns of informa-

tion provision (regular, on demand and on exception). This service is elaborated in 

chapter 5.4. 

3. Identification and activation of deficient products (combination of all alternatives) for 

recalls or elimination from the product distribution process which would build on one 

of the information service listed above and realise the information provision on ex-

ception in analysing quality information at sender’s or receiver’s end (for this case the 

sender’s view is selected). This service is elaborated in chapter 5.5. 

5.2.2 Supportive technology 

Focussing on the supportive technology layer, information could travel along the chain 

through communication networks or through attachment of information to the product 

(RFIDs). This has consequences regarding the utilization of information services and the de-

vices used. Information attached to the product can be picked up upon product delivery 

without any link between sender and receiver. Communication through networks requires an 

information link between sender and receiver. Both approaches, however, could be organized 

as open information services requiring no specific authorization for its use. If authorization is 

of interest, both approaches require an authorization link between sender and receiver which 

could build on the transfer of access codes of whatever kind. 

The technology development path focuses on the increasing opportunity to build decentral-

ised communication schemes that make centralized coordination obsolete. This is a critical 
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success factor for the improvement of current practice, since centralised solutions are not 

accepted for the purpose of broad exchange of product- and process-related information. 

Due to this lack of acceptance many centralised solutions failed because of data ownership 

issues and possible negative effects on competitiveness. The visionary level aims at minimiz-

ing the required central coordination needs. The elaboration of business information services 

in this chapter is based on the previously identified key components supporting the collec-

tion, processing, transfer and provision of information. To elaborate intermediate and ad-

vanced service scenarios, the abovementioned development path is adapted for selected 

technologies supporting the process. Due to the general technological development the ca-

pabilities of the networked devices increase over time. In respect to the emerging mobile 

technologies, the second and third level emphasises the integration of mobile technologies 

and related communication networks for mobile communication. The adapted development 

path of the key technologies is presented in the following overview: 

RFID 

According to the previously stated advantages, RFID technology is facilitated in this applica-

tion case for primary for improving traceability by supporting the identification of transport 

units and secondary to enable a decentralised information provision scheme based on the 

vision of the internet of things. The assumed generic development path is based on currently 

available tags and their foreseeable development as well as a visionary scenario, in which 

RFID-tags are equal to today’s smartphone technology: 

TL 1: RFIDs as identification tags with short range passive or active communication ca-

pability.  

TL 2: RFIDs with data capturing, sensor, and data storage capability, but no opportunity 

to receive and store data from remote sources.�

TL 3: RFIDs which combine advanced capabilities in information collection (sensors and 

data capturing), storage, filtering, output (audio-visual), sending, and triggering. 

These capabilities would enable the RFID to participate in the network concept 

providing an individual access point. 

 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



Chapter 5 - Information services for the fresh fruit and vegetable sector 

70 

Scanner Technology 

The implementation of RFID technology in the application scenario requires scanning tech-

nology, for capturing information from the RFID-tags. Due to the capabilities of RFID tech-

nology in the different technology levels, the scanner technology has to be aligned to these 

developments. The development path of scanner technology follows the trend to apply and 

improve mobile devices for facilitation in business processes. This is considered in the generic 

development path of scanner devices: 

TL 1: Scanners as readers with cable based or short range wireless communication abil-

ity. 

TL 2: Scanners with advanced information capturing, data storage, and sending capabil-

ity but limitations in processing and output capability. 

TL 3:  Scanners which combine advanced capabilities in information capturing, data stor-

age, processing and communication. 

Software Agents 

The search for information at the different platforms is supported by software agents, defined 

as a program or software component, which autonomously interacts within its digital envi-

ronment to automate the collection of information from distributed information sources 

(FRITZ 2005). This opens opportunities for the business information service organisation de-

pending on the characteristics of these agents. For this thesis, the following generic devel-

opment path of software agents is assumed:  

TL 1: Agents which search pre-defined information clusters according to defined rules. 

TL 2:  Intelligent software agents which combine information capturing with learning 

components and appropriate output features and which search pre-defined infor-

mation clusters according to defined rules. 

TL 3: Intelligent software agents which combine flexibility in the integration of rules, ad-

vanced information capturing with learning components and flexible and intelli-

gent search components. 
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Communication networks 

The classification of communication networks can be structured by the availability and range 

of the different networks into three generic technology levels: 

TL 1: Local networks (e.g. LAN, WLAN), as a standard network technology, 

TL 2: Wide range radio based networks (e.g. GSM), as an emerging technology for ubiq-

uitous access to information, 

TL 3: Global range satellite communication networks (e.g. SAT), as a developing commu-

nication infrastructure for mass communication in a long-term concept. 

These levels of technology are aligned to the previously described technological develop-

ment path. 

5.2.3 Overview 

This chapter provides a series of principal reference processes for the selected scenario fol-

lowing the integrated approach of the BISF. The overview on the chapter is presented in the 

following table. 

Table 6: Overview on the dimensions of the reference processes to be developed in this chapter 

Services 
Technology level 

TL1 TL2 TL3 

Static information service  
Provision of decentralised product 
quality information) 

   

Dynamic information service 
Online monitoring of product charac-
teristics 

   

Evaluation and activity service 
Activation of boxes carrying deficient 
products 

   

Decentralisation opportunity  + ++ 
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The combination of service alternatives of the business process layer and the distinguished 

levels of IT support in combination with the access point approach identify the generic inter-

action models under consideration. 

5.3 Provision of decentralised product quality information 
A possible application case for this service is the provision of decentralised product quality 

information, which is stored at the actors in the supply chain or linked to the product itself. 

Based on the previously discussed challenges in the fruit and vegetable sector, the need for 

the provision of product quality information is increasing. Discussions on the safety and qual-

ity of food products due to crisis (e.g. the EHEC outbreak in 2011), the environmental impacts 

of production, and the social background of enterprises involved ask for the provision of ap-

propriate information and guarantees. This leads to market developments towards higher 

requirements on transparency focussing on: 

- Food safety, which is defined as the absence of biological, chemical and physical risk 

factors (PERI 2006, EC NO. 178/2002 Article 2 and 6). Especially focussing on pesticide 

residue levels, which are regimented in EC NO. 396/2005 and recently updated in EC 

NO. 256/2009. However, fresh produce with pesticide residues or not acceptable plant 

protection agents are discovered on a regular basis throughout the season (EFSA 

2010). 

- Production related attributes of product quality based on consumer demands, such 

as e.g. organic or conventional production, the place of primary production (origin) as 

well as the freedom of genetically modified organisms. 

The provision of decentralised information was chosen as an instantiation of this service al-

ternative, because of its importance in the sector. The objective of this application case fo-

cuses on the provision of reliable information on the aforementioned issues, which do not 

change post-harvest and to proof the compliance of public and private requirements of fresh 

produce. All enterprises in the agri-food sector have to cope with these issues to stay in the 

market and provide fresh produce meeting the consumers demand. To assure food safety, 

regular laboratory analysis and other analytic methods are applied with high efforts at differ-

ent stages in the supply network. However, product quality related information, especially 

information with competitive value, is usually kept by the originating enterprises. The collec-
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tion of information about products at each enterprise involved in the production and distri-

bution process as well as the exchange of some of this information within the chain are in-

herit elements of any regular trading activity with fresh produce. Information exceeding le-

gally required product information is forwarded only on demand. However, the provision of 

such information would increase trust between trading partners and enable a higher trans-

parency level, which is demanded from agri-food enterprises in the chain as well as the con-

sumer. 

5.3.1 Principal service organisation of this application case 

The static information service can be triggered either on a regular basis or on demand by 

establishing a query for additional product quality information in the specific context defined 

by the activities carried out in business processes (e.g. goods inward, order picking or pro-

curement of fresh produce). 

Focussing on the distribution process, which is the scenario for implementation, the provision 

of product identification information can be implemented at the goods inward, where prod-

ucts are checked for their compliance with predefined customer requirements. Due to the 

time-critical distribution of fresh produce, the generation of laboratory results takes longer 

then the distribution of the product to the next stage of the supply network. This requires the 

provision of this information ex post, which is of importance between the two major transi-

tion points in the supply network, namely traders/bundlers and distribution centres. 

The static information service is based on the connection of physical products and informa-

tion which belongs to an identified product batch. Today, this information is available for 

larger batches of products and is not broken down to the box level. This is critical due to the 

distribution of one larger product batch containing multiple boxes to different customers, 

which makes tracing a complex task. Therefore, the interaction for the static information ser-

vice builds on three prerequisites that have to be fulfilled for implementation: 

1) the required product quality information has to be collected, which is a standard pro-

cedure, carried out by the enterprises in the sector in order to meet different re-

quirements. 

2) the collection of product quality information has to be linked to the physical product 

batch, which is separated into a certain number of boxes. These boxes have to be 
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marked with a unique identifier (RFID containing BoxID), which has to be recorded as 

well. This requires standards and protocols for the identification scheme as well as the 

collection of BoxIDs using scanner technology. 

3) box identification information (BoxID) and product quality information have to be 

linked and provided to the access platform. 

4) access details (e.g. address information) to the individual platform have to be for-

warded or provided with the product to the customer to enable the request for prod-

uct quality information related to a specific BoxID. 

The BoxID represents a key to the related product information and is an essential part of the 

security mechanism. Theoretically, only those enterprises in the supply network, who partici-

pated in the distribution of a specific box, can provide information in relation to the specific 

BoxID. Therefore, the BoxID is not only essential for tracking and tracing records, but repre-

sents a key for accessing the available product-related information at the platforms. The gen-

eral interaction principles for the static information service are depicted in Fig. 33. 

 

Fig. 33: General service organisation for the provision of decentralised product quality information  
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The service organisation is developed based on tracking and tracing information available at 

the different stages, which contains the box identification information (BoxID) and the origin 

of the product. With this, the movement of the box with the product throughout the supply 

network allows identification of potential information clusters containing static product qual-

ity information (PQ-info). At the different stages, the BoxID is collected and linked to the PQ-

info and send to the access platform to be accessed using the static information service. To 

access the offered product quality information at the different platforms, the specific access 

details are required. These details are provided from actor to actor using e.g. the RFID-tags 

on the boxes. However, these access details and BoxIDs can be provided in advance using 

other communication channels. This enables a controlled information provision. Additionally, 

the security mechanism of “trust-based access” to the information stored on the access plat-

form prevents loss of data ownership and control over the group of people allowed to access 

this information. 

The processing and evaluation of data received by the static information service requires ex-

isting systems and their functionalities. Actors have to evaluate the received information and 

draw conclusions for their workflow to decide on the appropriate action. To disburden the 

user from evaluating large amounts of data, specific rule-based filter and trigger mechanisms 

can be applied to notify users just in case of an exception filtered out of the incoming prod-

uct quality information. 

The realisation of the necessary information flow and information processing for the informa-

tion service development is presented in the following interaction models for each technol-

ogy level. These models focus on the application of networked devices in business processes 

for supporting the users in their tasks. The management and control of the information flow 

and the processing of information are implemented in these devices. The focus of these 

models is to integrate networked devices in existing workflows for improvements in service 

efficiency and quality. A description of the differences between the technology levels and 

their impact on the organisation of the service will be done in the corresponding model de-

scription. 

The interaction models for this service are based on a bilateral interaction between a trader 

and a distribution centre in a sender-recipient relationship (see Fig. 33). The trader enterprise 
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provides the product and product-related information as well as the access point for request-

ing information. The distribution centre as the receiving actor is representing the generic 

workflow for receiving products and requesting information from its supplier. However, this 

setup and workflow can be implemented vice versa because most of the enterprises in the 

middle part of the supply chain are suppliers as well as customers. 

The service organisation for this scenario is based on a generic information model (see Ap-

pendix E). The workflow presented in this first reference process contains different consecu-

tive steps and events: 

EVENT1: Product arrival at the Trader (supplier; static data collection and preparation) 

1) Product identification data is collected 

2) Product identification data is used to merge available product quality data with iden-

tification data 

3) a) Update existing product information with new information (e.g. box identification) 

b) During order picking access details are written onto the RFID-tag attached to the 

box and the box is distributed to the customer. 

EVENT2: Product arrival at the Distribution Centre (customer that receives the specific box; 

execution of static information service to meet information demand) 

4) Product identification data and access details are collected 

5) Product identification data is used to query internally existing product quality infor-

mation 

6) Depending on the sufficiency of the existing data additional product quality informa-

tion is requested from the supplier via the access point /platform at the supplier (rule-

based triggering of service execution) 

7) Depending on the information received via the information service a rule-based deci-

sion is taken how to proceed with the product. 

In the food specific context appropriate actions can be: 

a) the acceptance of a product and its distribution to the next stage of the supply chain, 

b) the rejection of a product due to quality issues like the visible degenerated quality 

status of the product 
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c) postponing the distribution of the product and the execution of the static information 

service as well as the collection of product samples for further analysis 

d) the rejection or acceptance of a product due to received product quality information 

via the static information service. 

The interactions between the networked devices, the access platform as well as the different 

data cluster are elaborated in the following principle reference processes for the different 

levels of technological development. The modelling follows the previous presented model-

ling framework. 

5.3.2 Service organisation at technology level 1 

The technology level 1 is characterised by systems and networked devices with current avail-

able capacities, presented in the following table: 

Table 7: Networked device capabilities at technology level 1 

Networked devices RFID Scanner Software agents 

Capabilities Low storage and short 
range passive or active 
communication capa-
bility 

Single functionality: 
providing BoxID to 
other systems (push); 
Limited range, due to 
fixed installation; 
 

Agents which search pre-
defined information clus-
ters and access platform 
according to defined rules 

 
The application of networked devices has to be supplemented and supported by software 

components and existing systems, such as e.g. middleware for RFID-Scanner gates and at-

tached personal computers to process the received data. The mobility of such devices is very 

low, because of their fixed installation in the enterprise. Stationary (TL1) RFID-Scanner/writer 

devices are found at goods inward and outward for scanning the RFID-tag on the box (TL1) 

and writing the access details onto the RFID-tag of each box that is shipped. The collected 

product data is processed and stored using product information systems. Due to the variety 

of systems and the integration of components (i.e. networked devices: Scanner and RFID) 

various individual interfaces between these systems are required and have to be imple-

mented. The required functionality is implemented in different systems, which force the actor 

to intervene and replace triggering of appropriate actions. The implementation of the access 

platform concept requires an adjustment of existing database applications to forward prod-

uct and box identification information to the access platform. Due to the generic character of 
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the reference processes for this service, these applications are exchangeable and require no 

further specification. 
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Fig. 34: Static information service at technology level 1 
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5.3.3 Service organisation at technology level 2 

The technology level 2 is characterised by systems and networked devices with extended 

capabilities in a five year horizon and is presented in Table 8. 

Table 8: Networked device capabilities at technology level 2 

Networked devices RFID Scanner Software agents 

Capabilities RFIDs with sensors for 
data capturing and 
increased data storage 
capability, but no op-
portunity to receive 
and store data from 
remote sources “on the 
fly”. 

Scanners with ad-
vanced information 
capturing, data stor-
age, and sending ca-
pability but 
limitations in filtering, 
triggering and output 
capability 

Intelligent agents 
which combine infor-
mation capturing with 
learning components 
and appropriate output 
features and which 
search pre-defined 
information clusters 
according to defined 
rules. 

 

In the second step of the technological development path (TL2) the capabilities of the net-

worked devices increase. The scanners’ (TL2) mobility and consequently the range of scanner 

devices increase as well as their ability to connect to existing systems facilitating wireless 

networks. In comparison to the first technology level, the scanner devices in TL2 are able to 

establish pull connections to existing systems, whereas scanners in the previous TL were just 

able to push BoxIDs to a processing application. Mobile Scanners (TL2) are capable of collect-

ing BoxIDs and merge them with existing product information, which increases the filter ca-

pacity of these scanner devices. 

The RFID-tags increase in their storage capability that allows writing additional information 

on the tags. Additionally, these tags are equipped with sensors for continuous measurement 

of the product’s ambience. These advanced capabilities enable few but important changes to 

the workflow of the actors. However these changes are not presentable in the interaction 

models, because of their marginal influence on the information flow and the necessity of the 

application of existing systems. 

The visible changes in the model, presented in Fig. 35, can be seen in the goods inward of 

the trader and the distribution centre, where the scanner device exchanges information di-

rectly with the different information systems. Product data and distribution data can be ac-
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cessed by the user directly at the goods inward without a stationary personal computer. This 

internal information provision has an influence on Event 1 and 2, but there is no change in 

the generic service principle depicted in Fig. 34. At the reception of products the scanner 

device forwarded information directly into an attached computer system, which is still the 

case, but the forwarded information can be processed (Filter) directly on the mobile scanner 

device. The user at the goods reception can directly access the existing product quality in-

formation and can start the search for additional information from the supplier using an ex-

isting system with the required capability. 
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Fig. 35: Static information service at technology level 2
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5.3.4 Service organisation at technology level 3 

The technology level 3 is characterised by systems and networked devices with visionary ca-

pabilities not available today (Table 9). These capabilities have important impacts on the ser-

vice organisation. 

Table 9: Networked device capabilities at technology level 3 

Networked devices RFID Scanner Software agents 

Capabilities RFIDs which combine 
advanced capabilities 
in information collec-
tion (sensors and data 
capturing ‘on the fly’), 
storage, filtering, out-
put (audio or visual), 
sending, and triggering 

Scanners which com-
bine advanced capa-
bilities in information 
capturing, data stor-
age, filtering, output 
(audio or visual), send-
ing, and triggering 

Intelligent software 
agents which combine 
flexibility in the inte-
gration of rules, ad-
vanced information 
capturing with learning 
components, flexible 
and intelligent search 
components, data stor-
age, filtering, output, 
sending, and triggering 

 

At technology level 3 the advancement of capabilities enables a major shift in the service 

organisation. In the presented TLs before, the service organisation is depending on existing 

systems, which have to take over tasks that could not be carried out from the networked de-

vices (e.g. scanners) in focus. With the major increase of RFID capabilities, the platform con-

cept can be integrated into the tag itself. This allows the box to be a fully decentralised in-

formation cluster, which collects and provides product information along its way through the 

supply network. Information that arrives after the shipping of goods is communicated to RFID 

devices attached to the product box through wireless networks or satellite communication 

networks and stored on the device for later use. These changes can be observed in the model 

presented in Fig. 37. The RFID-tag on the box is capable of hosting an access point due to 

the advanced processing capabilities. This step is crucial for the development of a near to 

complete decentralised information provision scheme. Fig. 36 presents the major changes in 

the service organisation for this technology level. 
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Fig. 36: Box-centric service organisation at technology level 3 

In comparison to Fig. 33, the service organisation at technology level 3 shifts towards a box-

centric and decentralised organisation scheme, where the box contains distribution related 

information as well as all available product quality information. The push pattern facilitated to 

provide information to the box is exchanged by a request-reply pattern (feedback loop A) 

initiated by the box. At arrival at the supplier, the box registers itself (request) using the BoxID 

and other information stored on the RFID-tag and collects (reply) product quality informa-

tion, that is available at this enterprise. In the distribution process, the box can receive addi-

tional product quality information (feedback loop A), which was not available at the begin-

ning of the shipping process. In cases of emergency, e.g. the detection of a contamination, 

the exception signal can be directly communicated to the box, whereas the box can commu-

nicate the exception to the customer at the arrival of the product or even earlier using com-

munication networks as well. This enables the communication with supplier and customer 

during transport facilitating communication networks (feedback loop B). 

The most important change in the service organisation is enabled by networked-device-

enabled-intelligence (NDEI). This “intelligence” is based on predefined rules, which define e.g. 

the borders of acceptance for changes in the products’ ambience. Additionally, the RFID is 

capable of providing audio or visual signals on exceptional events, where direct action is re-
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quired. These capabilities enable the box to act as an active participant in the distribution 

process. 

The networked devices’ capabilities in the technology level 3 enable the implementation of 

networked device enabled intelligence, due to the increased processing capabilities. The 

scanner devices (TL3) as well as the RFID (TL3) have the implemented triggering abilities, 

which build aligned to filtering and triggering rules establishing the base for the develop-

ment of NDEI. The scanner device is extending its main focus from scanning physical units 

face-to-face towards scanning local networks for new boxes arriving. In general, the imple-

mentation of trigger elements into networked devices disburdens the user/actor from the 

manual evaluation of received information and can therefore be seen as an important devel-

opment in business process support. 

In the model, the intelligent box is depicted as an entity in the middle. The other instantia-

tions of the box on the left and right side of the model are correspondingly acting as the box 

in the middle, but are modelled in a simplified way. The number of interfaces decreased sig-

nificantly due to the increased integration of functionalities to the scanner devices. Scanner 

devices are able to request information from the information systems as well as providing 

them to the RFID-tag. 
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Fig. 37: Static information service at technology level 3
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5.4 Online monitoring of product quality 
The online monitoring of product boxes during transport was chosen as an instantiation of 

the dynamic information service, because of its relevance for the distribution of fresh fruits 

and vegetables. The online monitoring of product quality is a business information service 

that builds on the dynamic view. It supports the prevention of food losses during transport of 

products along the chain and the management of distribution at the sender’s (trader) and 

receiver’s (distribution centre) end. Dynamic information such as process-related information 

is as important as static information for the enterprises along the supply chain of fresh pro-

duce. Examples involve production indicators like “food miles” or “carbon footprint”, which 

change (increase) during the products lifecycle (SCHIEFER ET AL. 2008b). The increase in infor-

mation need relates to both, customer enterprises in the chain as well as retail outlets and 

consumers. There are also tendencies for information requests by policy institutions related 

to financial subsidies or taxes (e.g. “carbon tax”). The maintenance of a continuous tempera-

ture and humidity is important for the shelf-life of fresh produce. The information service 

serves a general business process that is organized as follows: Distribution centres order 

products based on sales and planned promotions. The orders may be fulfilled by different 

traders. This process might be disturbed if products degenerate during delivery, or product 

delivery is delayed due to traffic or transportation problems. Both scenarios would endanger 

the supply of fresh products at retail outlets and require actions. The continuous collection of 

information on the quality status of products or the transportation situation and its provision 

to the actors involved are therefore of high relevance to business partners and the sector’s 

competitiveness. 

Of the two domains of interest, the monitoring of a product’s positioning is straightforward 

with little data communication and processing needs. Technological advances in sensor tech-

nology combined with communication technology enable the real-time observation of trucks 

and their status. However, these technologies are just adopted by first movers and innovative 

logistic service providers today. These logistic service providers collect real-time monitoring 

information and are able to provide them to suppliers and customers of fresh produce as a 

service. Especially distribution process-related information including approximated arrival 

times and the status of the transport enable improvements in the business organisation of 

distribution centres (e.g. assignment of a dock for a specific transport in advance). These im-
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provements reduce time that is needed to arrange the reception of goods and the shipping 

of goods from distribution centres. 

The situation is different regarding quality monitoring which makes it a communication and 

processing challenge. Successful monitoring of food quality requires sophisticated sensor 

and data communication technology. Fresh produce is sensible to changes in its environ-

ment. The most important factors for preserving food quality that need to be controlled and 

communicated within the information service are temperature and humidity throughout the 

distribution process from harvest to retail outlets. Future interests in monitoring could reach 

beyond direct product related quality characteristics and include more complex information 

from the environment (e.g. CO2 emissions). 

5.4.1 Principal service organisation of the online-monitoring service 

The central aspect in the service organization is the forwarding of monitoring information to 

a service provider for aggregation in order to get a complete picture of the product handling 

and possible negative influences on the product quality. Today, the degeneration or wrong 

handling of fresh produce leads to quality degeneration from mildew to major product spoil-

age, which increases opportunity costs for the enterprises along the chain. The collection and 

aggregation of monitoring information can improve the product handling and enable the 

prediction of the remaining shelf-life. 

Different products have different requirements which need to be observed and if pre-defined 

deviations occur, trigger a decision on how to proceed. From an information service point of 

view the trigger elements might involve a “call for action” by human actors or it might initiate 

an action autonomously. Independent from the actor, decision alternatives could involve e.g. 

1) the redirection of deliveries (by sender) to other outlets to reduce time to market, 

2) the assurance of additional supplies (by sender or receiver) to avoid product 

shortages at point of sale (POS) or, in the food quality scenario, 

3) the direct contact with transportation units to assure a better control of environ-

ment and avoid further product deterioration. 

The identification of critical deviations depends on the establishment of a link between ob-

servation and requirements, their comparison and the evaluation of results. This requires 

processing power either in the monitoring device itself or at the recipient’s end. The first op-
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tion builds on higher levels of technology which combines sensor capability with data storage 

and processing capability. It contributes to the autonomy of the product with its monitoring 

device attached and supports the realization of a decentralized monitoring scheme where 

the centralization is restricted to the availability of a communication network based on e.g. 

satellites that allows to informing actors in case of need. It avoids the need for continuous 

information flows towards actors in the chain as would be necessary in the second option 

where the identification of deviations requires continuous data communication. This decen-

tralized approach opens monitoring to all potential trading partners without the need for any 

central management service. 

However, as discussed in the static information service, the adoption and broad based accep-

tance of the decentralized scheme depends on the organization of an appropriate access 

control to data directly delivered from the product through basic networks without central 

data management service involved. Present technology does not yet favour the decentralised 

approach. Furthermore, a continuous wireless communication of a data stream is still ham-

pered by technological and financial problems. If established today, central systems or appli-

cation providers for single objectives (e.g. GPS tracking of trucks) are bound to one provider, 

which is the baseline towards the development of the decentralised approach. The monitor-

ing of products is still a very rare exception. As a result, the technology developments dis-

cussed in the following service models should have a major effect on improving quality as-

surance and process efficiency in trading processes in the food sector and specifically the 

fruits and vegetables sector. 

The challenge in the development of this service is the collection of monitoring information 

along the chain and the aggregation of this information. Especially, dynamically changing 

information requires the continuous collection of status information for further aggregation. 

A central independent monitoring application, which collects, aggregates and provides this 

information to authorized actors is an important part in the service organisation on the first 

technology levels and is depicted in Fig. 38. 
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Fig. 38: Generic service organisation for online monitoring 

The service organisation requires the box-specific information provision of product monitor-

ing information (PM-Info). This information is provided from the participating actors to the 

central monitoring application. 

The presented service organisation follows a general workflow including generic process 

steps in the information flow, which are triggered by certain events: 

EVENT1: Product departure at the Trader (first enterprise in the distribution chain; dynamic 

data collection and preparation) 

1) Product identification data is provided to the monitoring application (start monitor-

ing) and to the distribution centre as delivery announcement 

2) a) Product identification data is used to merge with available local monitoring data,  

b) and is provided to the monitoring application (push). 

3) Handing over product boxes to transport 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



Chapter 5 - Information services for the fresh fruit and vegetable sector 

91 

EVENT2: Collection of monitoring data during transport (time-related event) 

4) Product observation during transport (continuous collection of monitoring data) and 

uploading of monitoring data to monitoring application. 

EVENT3: Product arrival at the Distribution Centre (every subsequent enterprise in the chain 

that receives the specific box; dynamic information service execution) 

5) Product identification data is collected and merged with existing data. 

6) A request for aggregated monitoring information is send to the monitoring applica-

tion. This step can also be executed on a regular basis, independent from the arrival 

of the product, because access details to the application and this specific monitoring 

session are already available. 

7) Depending on the monitoring information received via the information service, 

8) a rule-based instruction (action proposal) is provided to the user how to proceed with 

the product. 

In the food specific context appropriate actions can be: 

a) The acceptance of a product and its distribution to the next stage of the supply chain 

b) The rejection of a product due to quality issues like the visible degenerated quality 

status of the product or deviations from contractually agreed conditions 

c) Direct procurement of product from an alternative trader, because of the time critical-

ity, the products that are expected are already scheduled for different deliveries to the 

retail outlets – change of planning 

The service organisation for this exemplified scenario is based on a generic information 

model (see Appendix F). 

5.4.2 Service organisation at technology level 1 

The online monitoring service at technology level 1 is characterized by systems and net-

worked devices with current available capacities. The local collection of monitoring data at 

the enterprises is organized in different ways which reach from hand-written control sheets 

up to digital observation of warehouses. In our models we assume, that monitoring data is 
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already available in a digital format. For this reference process, networked devices of tech-

nology level 1 are assumed to be implemented. The capabilities of the networked devices in 

this TL are presented in the following table. 

Table 10: Networked device capabilities at technology level 1 

Networked devices RFID Scanner Software agents 

Capabilities Low storage and short 
range passive or active 
communication capa-
bility; no embedded 
sensors for monitoring 

Single functionality: 
providing BoxID to 
other systems (push); 
Limited range, due to 
fixed installation 
 

Agents at the monitor-
ing application search 
pre-defined access 
platforms for monitor-
ing information 

 

The service is initiated by the collection of product (box) identification information for a cer-

tain delivery, which is about to be distributed to the distribution centre (Event1). A delivery 

notification is send to the distribution centre to announce the delivery (Event2). The box 

identification information and a monitoring request are provided together with local moni-

toring information to the monitoring application. Stationary (TL1) RFID-Scanner/writer de-

vices are implemented at goods inward and good outward for scanning the RFID (TL1) of 

each box. The collected local monitoring information describes the temperature and humidity 

during the process between the reception and the distribution points in the process. The 

truck which transports the products to the distribution centre uses a local device for monitor-

ing the products ambience during transport. This monitoring information is provided to the 

monitoring application for aggregation. During the transport the distribution centre is able to 

execute the online monitoring service to observe the status of the products and evaluate the 

appropriate action alternatives (Filter and Trigger; Event3). 

The organisation of the online monitoring service including these assumptions is depicted in 

the following model. 
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Fig. 39: Dynamic information service at technology level 1 
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5.4.3 Service organisation at technology level 2 

At technology level 2, the collection of monitoring data is more flexible due to the increasing 

capabilities of RFID-tags. The technology development paths in the monitoring scenario 

show more variability than in the static information service depending on information interest 

and use. The basic development builds on RFIDs with sensor technology that allows the stor-

age of monitoring data. This enables small changes at the service organisation (see Fig. 38) 

by adding boxes collecting PM-Info. At the receiving end, monitoring data could be read and 

utilized with similar variations in technology as described for the static information service. 

The lack of network communication capability of RFID-tags necessitates a central communi-

cation device in the truck, for sending the monitoring data to the monitoring application. The 

capabilities of the networked devices in the corresponding TL are presented in the table be-

low. 

Table 11: Networked device capabilities at technology level 2 

Networked devices RFID Scanner Software agents 

Capabilities RFIDs with sensors for 
monitoring data cap-
turing and increased 
data storage capability, 
but limited communi-
cation capability and 
not able to collect 
monitoring information 
from other sources “on 
the fly” 

Scanners with ad-
vanced information 
capturing, data stor-
age, and sending ca-
pability but 
limitations in filtering, 
triggering and output 
capability 

Intelligent agents at 
monitoring application, 
which combine infor-
mation capturing with 
learning components 
and appropriate output 
features and which 
search pre-defined 
information clusters 
according to defined 
rules 

 

The increased capability of the scanner devices enables the integration of the evaluation of 

monitoring data stored on the single RFID-tags. Based on the filtering capability the received 

monitoring information can be separated into critical and uncritical monitoring information, 

so that a specific product evaluation is possible. 
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Fig. 40: Dynamic information service at technology level 2 
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5.4.4 Service organisation at technology level 3 

At technology level 3, major changes regarding decentralization and technological develop-

ment occur. Following the development path, a big step in the decentralization is enabled by 

the increased capability of filtering and triggering as well as network communication abilities 

of the RFID-tag. The corresponding capabilities are summarised in the table below: 

Table 12: Networked device capabilities at technology level 3 

Networked devices RFID Scanner Software agents 

Capabilities RFIDs which combine 
advanced capabilities 
in information collec-
tion (sensors and data 
capturing “on the fly”), 
storage, filtering and 
triggering, output (au-
dio or visual) and send-
ing monitoring data 
facilitating communica-
tion networks 

Scanners which com-
bine advanced capa-
bilities in information 
capturing using a.o. 
communication net-
works, data storage, 
filtering and triggering, 
output (audio or vis-
ual), sending 

Intelligent software 
agents which combine 
flexibility in the inte-
gration of rules, ad-
vanced information 
capturing with learning 
components, flexible 
and intelligent search 
components, tempo-
rary data storage, filter-
ing, output, sending 

 

As depicted in Fig. 41 the monitoring application software and the access platform are inte-

grated into the RFID-tag. This leads to major changes in the model. The RFID-tag observes 

the product boxes ambience continuously and informs the environment with visual signals 

(red display) of negative influences on the product in the box. Moving to network and RFID 

technology allows communicating monitoring data and especially deviations from require-

ment directly at the time of occurrence. 

The advanced capabilities of scanner devices enable network communication with the boxes 

during transport. With advanced scanner technology at distribution centers and retail outlets, 

complete online transparency would be feasible without any central management scheme. 
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Fig. 41: Dynamic information service at technology level 3 
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5.5 Activation of a box containing a deficient product 
The previously presented static and dynamic information service application cases provide 

information to service consumers in business processes on a regular or on demand basis. 

Considering the large amount of data linked to larger product deliveries containing a high 

number of boxes increases the need for a service that evaluates this data and provides active 

decision support to the responsible person in the business process. The identification of ex-

ceptions supported by rule-based evaluation as well as the rule-based triggering of appropri-

ate actions are core functionalities of this service. Such filtering mechanisms focus on soft-

ware supported identification of valuable information meeting the personal information de-

mand (EDMUNDS AND MORRIS 2000, SARWAR ET AL. 2001). These filter mechanisms are discussed 

in literature (HIPPNER 2002, SARWAR ET AL. 2001) and can be distinguished according to HIPPNER 

(2002) in: 

a) Content-based filtering, defined as the filtering of information according to the con-

tent, 

b) Economic filtering, defined as the filtering of information according to cost and bene-

fit related aspects, and 

c) Collaborative filtering, defined as the collaborative recommendation of specific infor-

mation of interest to other users. 

In this application case, the focus is on content-based filtering based on specific pre-defined 

rules to identify deficient products in the distribution process by evaluating received informa-

tion provided by the static and dynamic information services. Product deficiencies of food 

products are defined in this context as the non-compliance of products with agreed product 

quality and safety parameters such as e.g. pesticide residue levels or the presence of harmful 

bacteria. The identification of deficient products might be a complex task, because deficien-

cies in respect to food safety and quality relevant parameters are not always directly visible. 

While the direct analysis of any individual product allows a clear information link between 

analysis and product item, there might be other products with similar deficiencies (e.g. based 

on similar origin) that have not been analysed. They might even have been distributed in 

boxes through other distribution channels and mixed with other non-deficient product boxes. 

This task is supported by an appropriate organization of tracking and tracing systems, which 

are not part of this case scenario, but present an essential prerequisite. 
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Product deficiencies could be detected by the production as initial source or the trader as 

well as the retail distribution centre as recipient. From a system point of view there is no prin-

cipal difference between the actors as the detection by recipients would just require an addi-

tional information exchange. However, if deficiencies are being detected at later stages in the 

chain, the time to react is being further reduced which requires system design to place high 

emphasis on system efficiency. In the case scenario, this is the rule and not the exception. 

Excluding failures in initial quality control at trader’s end, deficiencies in products might be 

detected at later stages of the distribution channel due to the following scenarios: 

a) some quality tests need to be performed by laboratories which need time to get re-

sults, time fresh produce cannot afford to stay at trader’s end. 

b) Products may have been deteriorating due to insufficient conditions during distribu-

tion. 

The marketing of fresh produce builds on short time-to-market distribution schemes. This 

limits the time to react in case of product deficiencies. Reaction would involve: 

1) the identification of deficient products, 

2) the identification of their location in different distribution channels, and 

3) the activation of an action that asks for action by a human or autonomous actor. 

The principal action is quite straightforward, as it involves the identification of deficient prod-

ucts based on provided information as well as the separation of these products for elimina-

tion from the distribution process. 

5.5.1 Principal service organisation of this application case 

The service organisation in this application case focuses on the distribution of notifications 

on product- or process deficiencies in a supply network environment. A prerequisite for this 

“exception reporting” is the identification of product- and process-related information pro-

vided by the static or dynamic information services. The identification of exceptions is sup-

ported by the EAS, which filter received information to discover exceptions and trigger ap-

propriate pre-defined actions which have to be taken in case of detection of a deficient 

product. 
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Fig. 42: EAS service sequence for exception identification 

Exceptions in general are perceptible deviations from acceptance levels regarding product 

and process parameters, which require human guidance (actions) to prevent negative im-

pacts on a process. The definition of acceptance levels for static and dynamic parameters (Fil-

ter) can differ between enterprises. The definition of appropriate rules and classifications for 

exceptions is done by experts such as quality managers in the food sector, who establish 

them up on the general and specific food legislation as well as company guidelines. After 

discovering a deficient product, this exception notification has to be communicated to the 

upstream and downstream actors in the chain to prevent further distribution of the product. 

This communication can be realised using a  

1) push concept, by providing BoxID and exception notification together directly to 

involved actors in the supply network, or 

2) pull concept, where exception notifications are published to the actors’ access 

platform and can be requested on demand on a regular basis. 

Fig. 43 illustrates the general inter-enterprise service organisation. 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



Chapter 5 - Information services for the fresh fruit and vegetable sector 

101 

 

Fig. 43: General service organisation for this case 

The objective of this application case is the identification of deficient product batches. This 

requires the unique identification of boxes as well as linking product- and process-related 

information to a specific box. The principal reference processes for this application case focus 

on the integration of the EAS into different components depending on their technological 

capabilities. However, the identification of exceptional information in a continuous stream of 

information (filter) and the triggering of an appropriate action including the notification of 

other chain members is in focus of this application case. 

5.5.2 Service organisation at technology level 1 

Based on the technological capabilities available at the first technology level, the identifica-

tion of an exception cannot be carried out by the described components (Scanner, RFID). This 

requires the implementation of existing systems to receive information from other actors or 

service providers and identify exceptions, link this information to a specific product box and 

forward the exception notification to involved actors in the distribution process. The identifi-
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cation of a deficient product is based on the BoxID, which is collected at the transfer points in 

the distribution between supplier and customer. 

If information on a product deficiency is discovered, the tracking and tracing records provide 

the related BoxIDs as well as the related trading partners in the chain, which enables the 

identification of affected boxes and actors handling these boxes in the distribution process. 

The exception notification can be realised as a directed message send by an existing applica-

tion or can be published to the access platform. In both cases, the BoxID and the exception 

notification reach the participating actors and the deficient product boxes are discovered at 

the next scanning point.  

However, agri-food enterprises are able to identify the supplier of the product and the cus-

tomer, who received the product. This increases the complexity for forwarding the exception 

notification and requires an additional process step, where the IDs of product boxes in stock 

have to be compared with the BoxIDs provided with the exception notification. If the product 

boxes carrying the deficient product have already been forwarded to the next actor or actors 

in the supply network, the exception notification has to be distributed as well. 

The interaction model of the activity service (TL1) is depicted in Fig. 44. 
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Fig. 44: Service at technology level 1 
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5.5.3 Service organisation at technology level 2 

At the second technology level, the capabilities of data collection for RFID-tags are increasing 

due to the integrated sensor components. These sensors continuously collect monitoring 

data from the product box ambience. The identification of exceptions, leading to deficient 

products, can be realised in this scenario based on the comparison of collected monitoring 

information and pre-defined acceptance levels. This evaluation directly takes place at the 

scanner device. However, this filtering capability is limited and requires manual assessment of 

appropriate actions. Additionally, the previously defined mechanisms for discovering an ex-

ception are still valid and implemented in the interaction model. 

The identification and elimination of deficient products is facilitated by the advanced mobility 

of the scanner component. This enables the identification of deficient products at all stations 

that the product box is passing through and where no stationary scanners are available (e.g. 

warehouse, point of sale). 

The interaction model is depicted in Fig. 45. 
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Fig. 45: Service at technology level 2 

D
is

tr
ib

ut
io

n 
C

en
tr

e

Tr
ad

er

Tr
ad

er
In

fo
rm

at
io

n
Sy

st
em

Di
st

rib
ut

io
n 

Ce
nt

er
Da

ta
 D

at
ab

as
e

Da
ta

 
In

pu
t

Da
ta

 
In

pu
t

Da
ta

 
O

ut
pu

t
Tr

ig
ge

r

A
ct

io
n

di
st

rib
ut

e
pr

od
uc

t

Fi
lte

r

Fi
lte

r

Da
ta

 
In

pu
t

Tr
ig

ge
r

Da
ta

 
In

pu
t

Fi
lte

r
Da

ta
 

O
ut

pu
t

Da
ta

 
In

pu
t

Da
ta

 
O

ut
pu

t
A

ct
io

n
di

st
rib

ut
e

pr
od

uc
t

A
ct

io
n

S
en

d 
ex

ce
pt

io
n

Da
ta

 
O

ut
pu

t

Da
ta

 
In

pu
t

Fi
lte

r
Da

ta
 

O
ut

pu
t

Da
ta

 
In

pu
t

Da
ta

 
In

pu
t

SC
AN

N
ER

-T
L2

SC
AN

N
ER

-T
L2

A
ct

io
n

re
m

ov
e

pr
od

uc
t

A
ct

io
n

re
m

ov
e

pr
od

uc
t

Da
ta

 
O

ut
pu

t

Da
ta

 
In

pu
t

A
ct

io
n

re
m

ov
e

pr
od

uc
t

Sh
ar

ed
 Z

on
e

Fi
lte

r

Tr
ig

ge
r

Da
ta

 
O

ut
pu

t

Da
ta

 
In

pu
t

A
ct

io
n

S
en

d 
P

ro
du

ct
 

in
fo

rm
at

io
n

(R
es

po
ns

e)

Da
ta

 
O

ut
pu

t
Da

ta
 

In
pu

t

Se
ar

ch
po

ss
ib

le
ex

ce
pt

io
ns

Da
ta

 
O

ut
pu

t

Da
ta

 
O

ut
pu

t

Da
ta

 
In

pu
t

Da
ta

 
In

pu
t

Da
ta

 
O

ut
pu

t

AC
CE

SS
 P

LA
TF

O
RM

Da
ta

 
In

pu
t

Da
ta

 
O

ut
pu

t

Da
ta

 
In

pu
t 

fr
om

3r
d 

Pa
rt

y

Da
ta

In
pu

t

Da
ta

 In
pu

t 
fr

om
3r

d 
Pa

rt
y

Pr
od

uc
t

(D
el

iv
er

y)

Da
ta

 
Cl

us
te

r

Da
ta

 
O

ut
pu

t

RF
ID

-T
L2

Se
n-

so
r

RF
ID

-T
L2

Se
n-

so
r

Da
ta

 
In

pu
t

Pr
od

uc
t

(D
el

iv
er

y)

Da
ta

 
Cl

us
te

r

Pr
od

uc
t

(D
el

iv
er

y)

Da
ta

 
Cl

us
te

r

Da
ta

 
O

ut
pu

t

RF
ID

-T
L2

Se
n-

so
r

Pr
od

uc
t

(D
el

iv
er

y)

Da
ta

 
Cl

us
te

r

RF
ID

-T
L2

Se
n-

so
r

AG
EN

TS
-T

L2

Ex
is

tin
g 

Ap
pl

ic
at

io
n

Customer 
Information System

M
es

sa
ge

Fi
lte

rin
g 

Ap
pl

ic
at

io
n

Chapter 5 - Information services for the fresh fruit and vegetable sector 

105 
Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



Chapter 5 - Information services for the fresh fruit and vegetable sector 

106 

5.5.4 Service organisation at technology level 3 

At technology level 3, the possibilities for the service organisation are increasing tremen-

dously due to the advanced technical capabilities, which enable a direct evaluation of re-

ceived information on the box. 

 

Fig. 46: Box-centric service organisation 

Based on the advances capabilities of the RFID, the collection of monitoring information (dy-

namic) and its evaluation by the EAS takes place directly on the box. The advanced communi-

cation abilities enable collection of exception information from the product supplier as well 

as the provision of exception information directly from the box to the potential recipient. In 

case of an exception, the box is additionally capable to activate audio/visual signals, to sig-

nalise an exception. 

The advanced technology development of scanner devices allows to bypass any organiza-

tional infrastructure and to scan product boxes directly wherever they are facilitating global 
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communication networks (e.g. satellite based communication networks). Scanners can mark a 

deficient product by providing exception information to the RFID. The scanner devices range 

is increased by the ability to connect to those networks. 

If the components (especially the trigger) of the network scanner are integrated into the RFID 

device, the device itself is enabled to evaluate incoming information and propagate excep-

tions. Examples could involve changes in colour, vibration or any other signal that could be 

identified by humans or devices that are responsible for eliminating the product out of the 

distribution channel. In this last scenario, the integration of several functionalities into a sin-

gle device (RFID-TL3) separates the location of the deficient product completely from any 

technological infrastructure, making it easy to use wherever the product might be, even in 

households with consumers. 
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Fig. 47: Service organisation at technology level 3 
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5.6 Elaboration of generic integrated components  
Based on the service models for the different technology levels presented in this chapter a 

series of generic integrated components can be elaborated focussing on the integration of 

technology for business process optimisation. The focus of this sub-chapter is therefore to 

compare the models of different technology levels and extract generic integrated compo-

nents. These generic components are understood as guidelines for implementation of the 

different principal reference processes. 

5.6.1 Scanner 

In the previously presented service models, the scanner devices are required for extraction of 

identification information from RFID-tags attached to the boxes as well as the communica-

tion with existing systems for further information processing. The integration of functional-

ities throughout the different technology levels lead to an increase in service efficiency by 

reduction the number of required systems and therefore the reduction of complexities in the 

information flow (e.g. media breaks or required interfaces). The different scanner capabilities 

are summarized in the table below. 

Table 13: Summary of scanner capabilities in different technology levels 

 Infrastructural elements Operational elements 

Technology 
Level 

Data 
Input 

Data 
Output 

Data 
Cluster 

Data 
Transfer 

Filter Trigger Data 
Search 

1 X X   X   

2 X X  X XX  X 

3 X X X XX XXX X XX 

 

As presented in the table, the capabilities increase throughout the emerging technological 

development. The service quality increases tremendously by the integration of rule-based 

filter and trigger elements, which are core functionalities for networked device enabled intel-

ligence. The definition of appropriate rules for data analysis and the adaptation of these rules 

to business process activities are a major improvement for business process support. The 

development path and the description of the identified generic scanner devices is presented 

in the following table.  
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Table 14: Generic integrated components (scanners) at different levels of technological development 

TL Graphical notation in the service models Description of the networked device 

1 

 

 

 

Scanners at this level are described as readers 
with cable based or short range wireless commu-
nication ability for providing the received data. 
Due to their limited capabilities they just provide 
data without significant processing. 
 

2 

 

 

 

Mobile scanners with advanced information cap-
turing and sending capability but limitations in 
filtering, triggering and output capability. They 
are able to connect to internal communication 
network for receiving product- or process-related 
data from a local information system. The ad-
vanced filtering functionality enables linking 
product identification data to existing product- 
and process-related data.  

3 

 

 

 

Scanners at this level are complex devices which 
combine advanced capabilities in information 
capturing, filtering, output (audio or visual), send-
ing, and triggering. They are able to connect to 
different communication networks for external 
information collection facilitating the business 
information services. The triggering capability 
allows evaluating received information and re-
quests of actions to the user according to an in-
herent set of filter and trigger rules (networked 
device enabled intelligence). 
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5.6.2 RFID 

In the previously presented service models, the RFID-tags are required for the unique identi-

fication of single trading units (=boxes). The presented service models are concentrating on 

the different capabilities provided by the RFID-tag. The realisation of the previously pre-

sented services depends on the capabilities of RFIDs. In the early stages the RFID (TL1) en-

abled the unique identification of product boxes, which is a major requirement for establish-

ing business information services. The sensor equipped RFID in TL2 enabled the collection of 

monitoring information, but was limited in the communication capabilities. To achieve a real-

time online monitoring of product boxes, this deficiency was compensated by the central 

monitoring service and existing communication systems in transport. In TL3 the RFID was 

capable of collection all available PQ-info by interaction with existing information systems of 

actors along the distribution process. 

Especially in the visionary service models, the advanced capabilities of RFID-tags enabled a 

fully decentralised information organisation based on the vision of the “internet of things”. 

The integration of functionalities throughout the different technology levels lead to an in-

crease in service efficiency by reduction of required central data aggregation systems (online 

monitoring applications) as well as redundancies in the storage of data at different points in 

the supply network. The different capabilities are summarized in the table below. 

Table 15: Summary of RFID capabilities in different technology levels 

 
Infrastructural elements Operational elements 

Technology 
Level 

Data 
Input 

Data 
Output 

Data 
Cluster 

Data 
Transfer 

Filter Trigger Data 
Search 

1 X X X     

2 XX X XX X    

3 XXX X XXX XX X X X 

 

The integration of specific functionalities enabled the collection of data that had to be col-

lected with huge efforts or was just not available before. The increase in data input capabili-

ties, e.g. of sensor data, has a tremendous impact on service quality. The different generic 

RFID components are presented below. 
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Table 16: Generic integrated components (RFID) at different levels of technological development 

TL Graphical notation in the service models Description of the networked device 

1 

 

 

 

RFIDs at this level are simple identification tags 
with short range passive or active communication 
capability. They are able to receive data via scan-
ner/writer devices at the supplier, store it and pro-
vide it to the next scanner device at the customer’s 
end of the distribution process. 

2 

 

Product
(Delivery)

Info Cluster

Filter

Data
Input

Sensor
Data
Input

Info 
Output

Supplier’s
Info 

Database

Customer’s
Info 

Database

 

 

RFIDs at this level are capable of simple data cap-
turing from included sensors. The storage capabil-
ity is increased. Due to their short range active 
communication range, they can provide data and 
capture data from local information databases via 
scanner/writer devices, but have. no opportunity 
to receive and store data from remote sources „on 
the fly”. Due to their limited filter capability they 
are able to aggregate received sensor data. They 
are able to receive data via scanner/writer devices 
at the supplier, store it and provide it to the next 
scanner device at the customer’s end of the distri-
bution process. 

3 

 

 

 

RFIDs which combine advanced capabilities in 
information collection (sensors and data capturing 
„on the fly”), storage, filtering, output (audiovis-
ual), sending, and triggering. Due to their broad 
communication capability, these tags are able to 
receive requests from customers, or send requests 
to the supplier (“call home”) on a regular basis. 
The included trigger capability enables networked 
device enabled intelligence and therefore rule 
based exception calls to the customer, whenever 
the parameters of the tag’s environment are out of 
limits. Rule-based triggering and filtering allow a 
broad range of action requests to users by facili-
tating audio-visual signals. 
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6 Economic decision model for adoption 

The transfer of results of the previously presented application scenario requires economic 

decisions, which include the adoption of technology as well as changes in the organisation of 

processes. This chapter is part of a discussion, which was carried out in FRITZ ET AL. (2010), and 

is part of REICHE ET AL. (2011b). 

Due to the dynamic character of technology developments, the economic decision model 

builds on a circle of continuous process improvement and adoption to new technologies to 

stay competitive and to be on the same e-readiness level as the enterprise’s environment. 

With reference to the strategic advancement of enterprises and sectors towards improve-

ments in the utilization of ICT support in business processes the circle of continuous im-

provement builds on a process with three phases. 

The first phase deals with improvements in the utilization of levels of technology. The deci-

sion scenario links developments in technology captured in reference processes with the 

characteristics of the implementation environment in enterprises and the sector captured in 

levels of e-readiness. It involves the (Fig. 48):  

1) analysis of the current level of e�readiness with the situational conditions of the en-

terprise and the sector with its trading partners, 

2) linkage of the current level of e�readiness with the provided reference processes, 

3) selection of a reference process which bests fit the implementation environment, and 

4) analysis of cost�benefit gains an enterprise could realize through its adoption. 

 

Fig. 48: The decision scenario, phase 1 (adapted from FRITZ ET AL. 2010 and modified) 
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The second phase deals with the adaption of selected reference processes to the variations in 

e-readiness observed within an enterprise and with potential trading partners as discussed 

before. As the stage before, this stage concludes with an analysis of cost-benefit gains an 

enterprise could realize through its adoption. A typical example for differentiation in technol-

ogy utilization involves the implementation of a higher level of technology within an enter-

prise with high level of e-readiness. Meanwhile the communication with trading partners 

within a sector of generally lower e-readiness would still need to build on traditional paper 

based communication schemes. This scenario is quite common in 

� trading activities between countries with different levels of development, 

� sectors with enterprise groups of different investment capabilities, e.g. involving larger 

groups of small and medium sized enterprises, 

� sectors where individual enterprises might show high levels of e�readiness but where 

the lack of agreements on data exchange and standards between enterprises prohi-

bits the utilization of higher levels of communication technology. 

The third phase deals with development dynamics and the potential cost-benefit gains 

through improvements in e�readiness within an enterprise as well as within a sector which 

allowed the 

� integration of higher levels of reference processes and 

� elimination of implementation deficiencies by the necessary adoptions of reference 

processes or the development of functionalities that balance these deficiencies. 

This stage is based on a GAP analysis that identifies the gaps between e�readiness and refer-

ence processes of higher levels of technology which enterprises and/or its trading partners 

might be interested to reach in efforts to improve service efficiency or service quality. The 

complete decision process is outlined in Fig. 49. 
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Fig. 49: The complete decision scenario (adapted from FRITZ ET AL. 2010 and modified) 

The cost and benefit evaluation is based on the relation between the improvement potential 

which arises from the adaption to a reference process at a certain technology level and the 

adoption costs. The evaluation of the improvement potential is based on the comparison of 

the present technology and the technology to adopt. 

6.1 Evaluation of benefits by reference process selection 

For adopting ICT, the cost benefit relation is an important factor for decision making. Gener-

ally, the improvement potential (benefits) is based on the improvement of service quality and 

efficiency in respect to the existing process, which has to be improved technologically and 

organisationally. 

However, the benefits of technology and organisational changes cannot always be measured 

numerically. The service quality is related to the integration of software and networked de-

vice functionalities that support carrying out tasks within a process. Therefore, improving the 

service quality is related to the generic optimisation dimensions time, costs, data quality as 

well as the quality of work-life (DAVENPORT AND SHORT 1990). 

The time-related improvement includes a.o. target outcomes, such as 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



Chapter 6 - Economic decision model for adoption 

116 

� required time to fulfil tasks within a process, such as e.g. the documentation of the in-

coming and outgoing product flow (WAMBA ET AL 2008), 

� the optimisation the distribution process by reducing delays (SUBRAMANI 2004), 

� the reduction of time to discover deficient products, which is an important risk man-

agement factor. 

The cost-related improvement includes a.o. target outcomes, such as 

� the reduction of transaction costs by improved inter-enterprise information exchange, 

� the reduction of failure costs by improved product and process evaluation, 

� the reduction of process costs by improved process observation and evaluation. 

The data quality improvement includes a.o. target outcomes, such as 

� the consistent documentation of product flows (SUBRAMANI 2004), 

� the provision of aggregated and rule-based evaluated pre-processed data for deci-

sion making, 

� the reduction of risks and uncertainties by provided product quality information 

(SUBRAMANI 2004). 

The quality of work improvement includes a.o. target outcomes, such as 

� the empowerment of individuals by ICT, which ensures a better control of process 

outcomes and the ability to make decisions (Davenport and Short 1990), 

� the reduction of time to access task- and context-specific information as well as better 

context-specific decision support (POUSTTCHI AND THURNHER 2005), 

� increasing the automation of tasks in processes (WAMBA ET AL. 2008). 

These dimensions influence the decision by characterizing the improvement potential deriv-

ing from the difference between current process performance and anticipated performance 

after adopting the reference process. The improvement of service efficiency is described in 

general by the relation between applied information- and communication technology and 

the service quality level. Improvement of service efficiency includes the reduction of com-

plexities regarding: 

� information technology management by increasing the number of functionalities in a 

reduced number of networked devices, 
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� the reduction of the number of media breaks, 

� the minimisation of the required implementation of data exchange standards, 

� the inter-enterprise information exchange by reducing interfaces. 

Especially these benefits are hard to measure and can only be assessed in the general utility 

value of benefit and improvement potential tendencies. Conclusively, both dimensions have 

to be taken into consideration for evaluating the reference process benefits which are re-

ferred to in Fig. 49. Different methods can be applied by measuring and aggregating the im-

provement potential and identifying the individual optimization goals. Such methods may 

include scenario development for comparative simulation experiments or a multi-variant 

analysis (BULLINGER 1994). Because of the complexity of these methods, expert advice may be 

important for defining the improvement potential for decision support.  

In addition, the feasibility of adopting a reference process has to be taken into consideration. 

An example for the general impact assessment of reference processes in different levels of 

technology and the business process improvement potential is presented in Table 17. 

Table 17: Impact of reference process adoption in respect to service quality and service improvement 
potential (example for a linear relation) 

 Reference  
process  

(TL1) 

Reference  
process  

(TL2) 

Reference  
process  

(TL3) 

Se
rv

ic
e�

�
qu

al
ity

�

Process time reduction + ++ +++ 

Process costs reduction + ++ +++ 

Data quality gains + ++ +++ 

Access to data + ++ +++ 

Quality of work + ++ +++ 

Se
rv

ic
e�

�
ef

fic
ie

nc
y�

Process efficiency gains in 
relation to required ICT 

+ ++ +++ 

Total value of benefits + ++ +++ 

 

The depicted evaluation of the improvement potential is based on the linear coherence pre-

sented in Fig. 11 in chapter 3.3.4.2. Because of the highly dynamic technological development 

and the diversity of networked devices, these categories can provide guidance for the deci-
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sion maker. The real improvement potential can only be evaluated in the individual context. 

The final adoption decision is complex and challenging because of the wide range of implica-

tions and uncertainties. The participating stages of the supply network and the related agri-

food enterprises in the business environment determine the facilitation of a technology in the 

business sector and are an important factor in the adoption decision. The more enterprises in 

a sector participate in a certain network application of a technology the higher the pressure 

on the individual company to adapt to this situation. Especially in a supply network environ-

ment the adoption decision can have an influence on the competitiveness of an enterprise. 

6.2 Optimization 

The adoption of the elaborated reference processes and the included technology as well as 

the integration into currently existing business processes can enable the previous discussed 

improvement potentials. However, the adoption of a complete reference process might be 

not feasible due to the previous discussed issues evolving out of the e-readiness of the sec-

tor. 

In general, the match of reference process and e-readiness is based on a general fit between 

the requirements of the specific technology level in the reference process and the fulfilment 

of e-readiness criteria. For implementation, reference processes are selected which fit a cer-

tain implementation environment captured in the level of e-readiness. However, this basic 

approach of introducing reference processes of certain technology levels might limit the full 

utilization of technology potentials or face resistance by potential users as the e-readiness 

level does not explicitly consider variations of e-readiness within an enterprise or within a 

sector scenario. A more detailed view regarding individual functionalities (e.g. control at point 

of sale or monitoring inventory conditions) and the existing technology realising these func-

tionalities can relate to reference processes in different technology levels. This might allow 

mixing elements of reference processes related to different levels of technology into a new 

process design that takes account of variations while technology breaks. However, technol-

ogy breaks of acceptable dimension might still be considered within the process as a whole. 

An exemplified decision is presented in the following figure. 
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Fig. 50: Optimised adoption decision (example) 

The selection of networked devices for process improvement depends on the integration of 

functionalities, the match with the existing IT-infrastructure as well as the required functional-

ities for establishing the inter-enterprise information exchange. However, the business envi-

ronment has an important influence on the selection of network technology as well. The 

technical and organizational feasibility of the reference has to be customized meeting the 

requirements from the supply network as well as the individual business process require-

ments. 
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7 Discussion  

In the first chapters of this thesis, the increasing need for transparency regarding product 

quality characteristics and inter-enterprise business processes was highlighted as a field of 

research with high relevance for the food sector. This thesis concentrates on the develop-

ment of a framework for developing business information services and the integration of new 

technologies to improve the information exchange and thereby improve product- and proc-

ess-related transparency between agri-food enterprises. The framework was adapted to the 

fruit and vegetable sector to show its applicability and give an overview on possible service 

organisation schemes based on technological devices in different levels of sophistication. The 

gradational progress of this thesis ended in an economic decision model aiming at the initia-

tion of the transfer of the results to real application cases. The following discussion concen-

trates on the applicability of the framework, the developed application case in the fruit and 

vegetable sector, as well as the further required measures to adapt this framework in the 

food sector. 

7.1 Business information service and design framework and its appli-

cability 

The business information service framework developed in this thesis concentrates on the or-

ganisation and orchestration of existing ICT and the reasonable complementation with sup-

portive technologies to establish business information services in a dynamically changing 

business environment. Due to its generic character, the facilitation of this framework is not 

bound to a specific product or business domain. Although this thesis focussed on agri-food 

supply networks, the framework has been successfully facilitated to develop business infor-

mation services in the construction business domain (see CUTELOOP 2011). Experience that 

has been made during the project and the transfer of the framework to another business 

domain showed that this transfer BISF is feasible due to its generic character. Especially the 

classification of services (static, dynamic) and the rule-based decision support by EAS are 

transferable with low efforts. However, the generic character requires different measures to 

analyse and further define the scope, the content and the context in which this framework 

can be facilitated in the business environment. 
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The transfer of the presented framework to specific application cases requires a preliminary 

analysis of the 

a) organisational fit: by evaluation of the e-readiness levels of the participating enter-

prises and the organisation of inter-enterprise business processes, 

b) technological fit: by identifying available information sources and their possible role in 

the concept (e.g. traceability systems and quality management systems), as well as  

c) a clear definition of the service scope related to both domains, 

in order to identify gaps between the as-is and the to-be situation that need to be closed in 

the development phase. An important point in the present thesis and in both works is the 

complexity of application cases with the increasing number of participating enterprises. 

The presented decision framework supports the identification of investments that are neces-

sary to reach the service level promised by more advanced reference processes than those 

implemented currently. It captures investments in technology as well as in necessary organ-

izational transformations, both in enterprises as well as in sector environments and relates 

them to benefits from improvements in process efficiency and process capability. The deter-

mination of costs and benefits of adopting a specific reference process includes the analysis 

of predicted changes related to the change in the business process regarding service quality 

and service efficiency as well the costs for adoption. 

The development phase needs to include a.o. measures to make information technically 

available by standards, protocols and the identification technology (e.g. RFID or barcodes), 

alignment of existing ICT and information systems as well as the development of information 

reference models for information exchange. These are major pre-requisites for a successful 

service development. A comprehensive example for information reference models in the pork 

sector can be found in the work of LEHMANN (2011). Due to the generic character of the pre-

sented framework, these issues have been left to be discussed in specific projects and appli-

cation cases. 
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7.2 Information services for the fresh fruit and vegetable sector 

The transfer of the framework to the fruit and vegetable scenario showed different possibili-

ties for improving transparency and food safety by enabling product-centric information pro-

vision. The service cases are discussed in the following part of this chapter. 

The presented “provision of decentralised product information” scenario refers to the re-

quirement to provide quality and safety guarantees for food products to stakeholders in the 

food supply network. This service scenario describes the provision of product quality infor-

mation from distributed information sources to meet this requirement. The presented service 

organisation concentrates on the exchange of this information in a 1-to-1 business relation-

ship between the major nodes in the fruit and vegetable supply network (traders and retail 

distribution centres). The data search functionality facilitated by software agents in combina-

tion with access platforms, implemented at the participating enterprises in the supply net-

work, increases the flexibility of information collection and provision. The presented process 

can be transferred to a network scenario based on the access platform approach (see Fig. 5). 

In the early technology level, this data search represents immobilised and fixed interfaces due 

to the minimal capabilities of software agents. In the visionary technology level (TL3) these 

agents are capable of collecting information for a specific box by querying all platforms in 

the supply network. With the current practice this would require tremendous efforts to build 

up interfaces between all participating enterprises for realising this functionality. The devel-

opment of such a coordination scheme in the fruit and vegetable sector is feasible, because 

of the short chain and the existence of powerful players, such as agricultural co-operative 

societies integrating data from their members and retail distribution centres coordinating the 

supply of retail outlets. However, the integration of agri-food enterprises outside a coordi-

nated supply network requires a fixed entrance point e.g. the import company, which gathers 

and clusters product-quality information to make it accessible to the network. This reduces 

the required nodes in the network and increases the potential for adoption. For establishing a 

sectorial coordination scheme to identify deficient products in the process, this integration is 

an essential prerequisite towards increasing transparency. 
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The presented online monitoring service concentrates on the improvement of transparency in 

the distribution process of fresh fruit and vegetables. Transparency in this context refers to 

three issues: 

a) identification of critical situations in the distribution process by monitoring the prod-

ucts’ ambience, in order to 

b) enable the ability to react in critical situations to prevent food losses, and therefore 

c) improve distribution planning by provision of reliable data. 

The online monitoring service for observation of the products’ ambience refers to the high 

amount of food losses during transport. If all technological measures for prevention of decay 

fail, information about the position and the status is urgently required in order to prevent 

food losses. The previously mentioned concept of Supply Chain Event Management includes 

the opportunity to simulate possible impacts of an event in order to support decision making 

in these situations (HELLINGRATH ET AL. 2008). In the case of fresh fruits and vegetables such 

simulation setups for forecasting the development of product quality during storage and 

transport already exist for specific products (see e.g. GIANNAKOUROU ET AL. 2001, VAN DER VORST 

ET AL. 2005b) and can be embedded in the evaluation process of the information service. 

The impacts of technology, especially the improvement of RFID capabilities along the de-

scribed development path, enable new ways of monitoring information capturing. Active 

RFID-tags with temperature sensors already exist and are offered on the market; however, 

this technology is extremely expensive compared to passive EPC-RFID-tags. Even if these tags 

are implemented into the service organisation, the provision of real-time information on the 

products’ ambience would require additional communication systems for information provi-

sion. The development of the RFID capabilities in the visionary level would make such addi-

tional systems obsolete. From an information logistical point of view, the provision of trans-

parency information about the distribution process would increase the responsiveness and 

therefore the possibility to react in order to prevent food losses. The availability of process-

related information has not only implications for food quality, but also for the organisation of 

logistic services. During the expert interviews for investigating possible service ideas for the 

application case, a logistic service provider pointed out that this information leads to major 

savings and improves flexibility of planning the allocation of his resources enabled by a tre-
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mendous amount of sensors and ICT in his trucks. Conclusively, this offers potential for syn-

ergies, because process-related information is already collected for other reasons and can be 

transferred to stakeholders in the food sector to satisfy their information needs. The pre-

sented online monitoring service facilitates these synergies by integrating the online moni-

toring application in the first two technology levels. 

The last presented service alternative concentrates on the identification and activation of a 

box carrying a deficient product. Crises in the food sector challenged agri-food enterprises 

tremendously by a breakdown of sales caused by an increased uncertainty of consumers and 

an increasing refusal to procure crisis-related food products. Not only such severe crises with 

medial presence, but also regularly occurring cases of exceeded pesticide residue limits 

throughout the season require a preventive solution that allows identifying deficient products 

and their separation from innocuous products. The implemented measures for quality control 

based on laboratory analysis as well as company specific measures for assuring food safety 

and traceability systems represent valuable information sources for identification and separa-

tion of a deficient product, if this information is communicated. On the other hand, this in-

formation allows providing guarantees and proof for the safety of products based on labora-

tory analyses. The presented service alternative concentrates on the provision of exception 

information on affected product batches to prevent their distribution to the consumer. The 

possibilities of technology to support this objective are related to two domains: 

a) communication of information along the distribution path of a deficient product 

along the supply network, and 

b) the possible ways the product boxes are discovered. 

The presented service organisations in the different technology levels show major differences 

in the coordination scheme. In the first and second technology level, the communication and 

identification requires technical support by scanners and existing systems at different points 

in the process. The visionary technology level, especially the advanced capabilities of RFID-

tags, enables a completely decentralised coordination scheme, where the product box cap-

tures information along its way through the distribution path. Based on the increased proc-

essing capability the box is capable of drawing conclusion out of this data and activating of a 

visual signal (e.g. a red screen) to signalise that it contains harmful products. This enables the 
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direct discovery of affected product boxes without further technical support. The range of 

captured information by the box in this scenario covers all presented service alternatives. 

However, this service alternative is still depending on the proper and timely identification of 

the cause for the deficiency that require intensive laboratory analysis. Conclusively, the pre-

sented approach for identification of deficient product boxes requires the cooperation of 

participants inside and outside the supply network. 

The application cases for the provision of decentralised stored product quality and safety 

information, the monitoring of products during transport and the resulting activation of defi-

cient products developed in this thesis, show significant improvement potentials gained by a 

new way of organising product- and process-related information and the capabilities of new 

technologies. However, their realisation requires at least two agri-food enterprises. An effec-

tive application in the sector requires tremendous efforts in aligning existing systems as well 

as adoption and implementation of commonly used technology, strongly depending on the 

e-readiness level of the sector. The decentralisation by new coordination schemes offers an 

improvement potential by the establishment of flexible connections between enterprises in 

the supply network to provide information, or from a different perspective, by the direct pro-

vision of static and dynamic information directly by the product box. 

7.3 Incentives and barriers for adaptation 

The operative optimization of intra- and inter-enterprise processes and the improved trans-

parency level are important benefits related to network technology such as RFID and busi-

ness information services. The adoption of new network technologies increases the readiness 

for new business relations and new business perspectives in agri-food supply networks. The 

willingness to adopt new technologies is highly driven by internal as well as external factors. 

Incentives for sharing information between actors have to be elaborated co-operatively and 

the adoption of required network technology has to be aligned. The highest beneficiary level 

of such identification technology can be reached only with a high diffusion rate in the supply 

network around the company (TAMM AND TRIBOWSKI 2010). Another important aspect of se-

lecting the reference process at an appropriate technology level is the diffusion of a certain 

technology in the business environment around the enterprise. The implementation of net-

work technology (e.g. RFID) driven by dominant actors forces suppliers to adapt to the arising 
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requirements. To keep up the interoperability between systems of different actors is chal-

lenging and a basic requirement for every adoption decision. In agri-food supply networks 

suppliers have to be able to adapt to different technological requirements of different cus-

tomers. The integration of customers for the establishment of feedback loops is supported by 

the framework and the technology, capable of connecting to different systems in the agri-

food supply network. 

The dominant internal factors are the ability to adopt (e-readiness) on the one hand and the 

benefits arising from adoption on the other hand. For internal process improvement the indi-

vidual decision is based on these factors. The adoption of network technology for inter-

enterprise process improvement strongly depends on external factors such as the supply 

chain integration and diffusion of the technology and the complexities arising from the 

adoption regarding the system interoperability. These external factors are challenging to an-

ticipate and increase the uncertainty especially for SME’s in the agri-food sector. Even domi-

nant actors such as agricultural cooperative societies and retail groups delay their adoption 

decision because of the risk of lock-in effects. To overcome this situation the foundation of a 

sectorial initiative from different actors from different stages to develop strategies and vi-

sions for reducing uncertainty would be the most feasible. These foundations already exist 

and have an increasing acceptance in the sector However, these foundations are mostly 

driven by dominant actors. 

Incentives for participation, especially for SMEs, are an important pre-requisite to enable the 

technical development of the sector and with that an increase in competitive advantage of 

the sector. While the enterprises’ ability to adapt to new technological developments de-

pends on internal and external environmental factors, the overall benefit from adoption 

strongly depends on the willingness to share information between actors in the different 

stages. This situation is particularly challenging for all actors in agri-food chains, because the 

dominant actors would benefit more from the provided information by improving their proc-

esses, than the enterprises providing the information. Especially the protection of data own-

ership is crucial for SME’s in agri-food chains and decreases the willingness to share. On the 

other hand, sharing information can increase the ability to open new business opportunities 

(see e.g. PORTER AND MILLAR 1985, BEULENS ET AL. 2005). However, this benefit has to be mone-
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tary to compensate the process optimization potential at the dominant actors. The balancing 

of this problem is one future challenge the agri-food sector has to compete with. 
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8 Summary and conclusion 

Agri-food enterprises are challenged by a multitude of complexities. The globalisation and 

increasing international competition in the food sector, the high degree of small- and me-

dium-sized enterprises, as well as national and cross-national food crises and related uncer-

tainties for consumers and agri-food enterprises lead to different public and private require-

ments. 

Public requirements are determined by the values of society, including consumers as indi-

viduals, and legislative initiatives. The society’s perception has changed in respect to the im-

pacts and consequences of global food production and therefore also on the sustainable 

development and facilitation of resources, including social, environmental and economic is-

sues (see AIKING AND DE BOER 2004). This is reflected in consumer demand, which is deter-

mined more by concerns on the safety, quality and integrity of food products. On the other 

hand, consumers are more demanding in respect to the diversity and availability of food 

products and the associated information in order to better select the products and compre-

hend the impacts of their buying decisions (see also BEULENS ET AL. 2005). Especially food cri-

ses, but also the consolidation of food legislation in the European Union, lead to a multitude 

of regulations formulating requirements for agri-food enterprises and the marketability of 

food products. These regulations are continuously aligned to emerging and relevant issues in 

the food sector, leading to dynamically changing challenges. 

Private requirements primarily originate from difficulties of agri-food enterprises to cope with 

public requirements, but complexities also arise from the division of labour, the sector struc-

ture and the need to guarantee food safety and the quality of provided food products. These 

issues lead to different standards, such as BRC, IFS, ISO 22000, as well as the foundation of 

initiatives for chain-focussed quality assurance (e.g. Q+S). Meeting the abovementioned re-

quirements has become a pre-requisite for participation in relationships in the food sector. 

Additionally, the globalised markets and the increasing competition lead to the need for agri-

food enterprises to optimise current business practice in order to stay competitive. Transpar-

ency of products and inter-enterprise processes have become an important factor for com-

petitiveness and trust in agri-food enterprises and their provided products. 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



Chapter 8 - Summary and conclusion 

129 

Transparency within a supply network is defined as “the extent to which all network’s stake-

holders have a shared understanding of, and access to, product and process related informa-

tion, that they request, without loss, noise, delay and distortion” HOFSTEDE (2002). However, 

improving transparency requires a clear identification of the information needs of stake-

holders and the identification and access to information sources (FRITZ AND SCHIEFER 2010). 

Due to the extensiveness of transparency information, two major fields are identified with 

relevance for this thesis. The first field concentrates on product characteristics and food 

safety related issues, whereas the second field focuses on the organisational transparency of 

the product distribution. The provision and exchange of relevant information represents an 

unresolved challenge for the organisation of inter-enterprise communication. 

The objective of this thesis is to develop a generically applicable framework for the provision 

and aggregation of relevant product- and process-related data by so-called business infor-

mation services in order to satisfy the information needs of different stakeholders in the food 

sector. These services build up on the concept of information logistics in order to timely pro-

vide necessary and reliable information to meet the information needs of actors in the agri-

food supply network. The framework comprises of four layers, which take as the starting 

point the information needs based on events and interactions in the business process layer. 

To meet these needs, the second layer defines service alternatives based on generic types of 

information (static and dynamic) as well as an evaluation and activity service (EAS) to process 

and evaluate the received information and to support decision making in critical situations. 

The second layer defines patterns for integrating these services into business interactions, 

represented by regular information provision attached to the product or detached over a 

communication network as well as information on demand. Furthermore, to meet the objec-

tive of the framework, the third service activation pattern is based on the discovery of excep-

tional situations, caused by e.g. contaminated products or deficiencies in the distribution 

process, and the required information provision on exceptional situations (exception report-

ing). To establish the technical connection between information sources and information re-

cipients, the framework considers a supportive technology layer. This supportive technology 

layer consists of so-called networked devices based on integrated components, which pro-

vide infrastructural functionalities to establish the information flow as well as operational 

functionalities to observe, process and evaluate this information flow according to pre-
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defined rules and to detect exceptional situations that call for action. The last layer of the 

framework contains available external and internal information sources based on systems 

that keep the recorded product- and process-related information. These sources are divided 

into network/sector focussed information systems, with focus on traceability or quality man-

agement, and intra-enterprise information systems. 

The framework is adapted to an application scenario in order to show its applicability. The 

focus of this application scenario is on fresh fruit and vegetable networks and present infor-

mation needs. Due to the high perishability and sensitivity of fresh products, the time-

criticality of the distribution process (SCHIEFER ET AL. 2008) and regularly occurring violations of 

pesticide residue levels (EFSA 2010) as well as recent crises (e.g. EHEC), this application sce-

nario offers potential for improvement by business information services in order to reduce 

uncertainties by providing information on product- and process-related conditions. 

The presented service alternatives concentrate on different aspects aligned to this issue. The 

static information service is demonstrated by the provision of decentralised stored product 

quality information for specific product boxes, whereas the dynamic information service is 

demonstrated by online monitoring of product characteristics during transport. Both service 

alternatives provide product quality- and process-related information that allows identifying 

exceptional situations. The third service focuses on the individual identification and activation 

of product boxes carrying negatively affected products. The service alternatives are applied to 

business interactions between agricultural cooperative societies, representing a large number 

of farmers, and retail distribution centres organising the supply with fresh fruits and vegeta-

bles for a large number of associated retail stores, representing the most important interface 

to the consumer. 

For the supportive technology layer, four promising new technologies were selected: 

� RFID technology, enabling chain-wide tracking and tracing of reusable product boxes 

carrying fresh produce from farm to retail, and enabling the digital provision of in-

formation attached to the product. 

� Scanner technology, capturing information from these boxes. 

� Software Agents, searching for data related to a specific box at distributed access 

points in the supply network along the path of the product, and  
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� Communication networks, facilitated for the provision of detached product- and 

process-related information. 

The developed service alternatives were demonstrated at three different levels of technologi-

cal development concentrating on: 

� current available technology,  

� technology which might be available within a five years’ timeframe, as well as  

� a visionary technology level. 

The different capabilities of networked devices in the different technology levels enable dif-

ferent organisation patterns for the establishment of information services. Based on an 

evaluation of the resulting models, generic technological components were summarised for 

RFID and scanner technology in order to compare existing ICT with the required ICT for es-

tablishing business information services in the different technology levels. 

To enable the transfer of results from the application scenario to existing business processes, 

an economic decision models is discussed in the last part of the thesis. This decision model is 

based on a cost-benefit analysis, which is presented in a generic way in order to trigger an 

adoption discussion at agri-food enterprises. However, these adoption decisions are depend-

ent on the individual ability to adopt ICT (e-readiness) and to use it efficiently. Therefore, the 

provided decision model intents to show a way to combine different networked devices in 

different levels of technology in order to optimise and improve the existing organisation with 

technology at the best cost-benefit ratio, which has to be calculated for the individual adop-

tion case. 

The business information framework has proofed its generic character by its successful appli-

cation in the CuteLoop project to two different business domains, namely the presented fresh 

fruits and vegetable scenario as well as a scenario in the construction domain to provide 

craftsmen with necessary information on their tasks (see CUTELOOP 2008 AND CUTELOOP 2011). 

The discussion of the application scenario with experts from this sector highlighted different 

barriers for adoption. The adoption of RFID technology, which is a key requirement in the 

presented scenario, is an issue that involves all actors in the supply network and not only one 

company. The provision of product quality and process-related information depends on 
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working traceability schemes in a chain-wide context and therefore on technology that is 

commonly accepted in the sector. However, barcode technology is currently still state of the 

art in the sector; it does not inhibit the establishment of services, but makes them less effi-

cient due to the time that is required for scanning every box in a time-critical distribution 

process. The adoption of scanner devices is clearly related to the applied identification tech-

nology (barcode or RFID).  

The results of this thesis cover different aspects. The first and most important aspect are key 

requirements for establishing business information services based on the presented frame-

work. These key requirements for developing information services in order to improve prod-

uct-related transparency identified in this thesis are: 

� the identification of information needs and possible information sources, 

� the alignment of product identification schemes, in order to develop information ser-

vices providing product-related information on a high level of detail, 

� the organisational and technological fit of applied technology to the e-readiness level 

with the focus on SME’s, 

� the protection of rights and ownership for provided data. 

Business information services, as they are described and elaborated in this thesis, have the 

potential to improve business interaction between actors as well as to improve the planning 

and organisation of distribution processes by applying new technologies and mechanisms for 

information provision. However, the effects of provided information on competitiveness are 

still unclear and require carefulness in order to protect data ownership. This point is espe-

cially critical for the acceptance of business information services. 

The provision of product-related information on a high level of detail is dependent on so-

phisticated tracking and tracing as well as documentation of production concentrating on 

measures for product quality and safety. For establishing product-centric information ser-

vices, the unmistakable identification of products and the linkage between this identification 

information and the previous stated documentation is evident. Current technological devel-

opments in the standardisation of RFID technology as well as the reduction of RFID costs may 

open the way for chain-wide implementation of this technology and the potential to realise 

the presented service examples on the first two technology levels. Especially the usage of 
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reusable packaging in the case of fruits and vegetables reduces the costs for adopting RFID 

technology for all actors in the fresh fruit and vegetable supply chain and leads to a fast am-

ortisation of investments (see also MARTÍNEZ-SALA ET AL. 2009). Initiatives, such as the EP-

Cglobal initiative, provide a broad knowledge-base based on the experience of enterprises in 

the food sector. However, to benefit from the adoption of RFID technology, further coopera-

tion of major stakeholders in the sector is required to solve remaining issues in order to in-

crease the acceptance of RFID in the food sector. 

Further research has to be conducted in the field of standards and organisation of informa-

tion exchange practice as well as on the impacts of the ability of enterprises to provide addi-

tional product- and process-related information on the competitiveness. 

In order to realise service concepts based on the elaborated framework, further research has 

to be carried out in this field to develop information reference models and product-specific 

vocabularies to enable the product-related information exchange. Standards are needed for 

establishing flexible connections between devices and systems as well as systems-to-systems. 

Additionally, further standardisation of RFID technology and technical network interface (see 

Fig. 5) is required as well. 

From an organisational point of view, the impacts of implemented business information ser-

vices have to be investigated. This includes the real improvement of food safety and process 

optimisation in order to answer the question of whether the investments pay off for the par-

ticipating enterprises or not. The question that remains, concentrates on the willingness to 

pay for necessary technical and organisational investments and necessary incentives for par-

ticipating enterprises in order to increase the willingness to share the previously discussed 

information. These aspects have not been discussed in this thesis and research in these fields 

is urgently required to overcome present issues in the food sector. 
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Appendix 

Appendix A: Detailed overview on EC NO. 178/2002 

Regulation Reference Requirement 

EC No. 178/2002 
general principles and re-
quirements of food law 

Article 6 
Risk analysis and man-
agement 

Exclusion of hazards represented by bio-
logical, chemical or physical agents in, or 
condition of, food with the potential to 
cause an adverse health effect. 
Agri-food enterprises have to implement 
and maintain measures for risk analysis 
and management. 

 Article 8 
Protection of consum-
ers’ interests and 
Article 16 Presentation 
of food products 

Protection of the interests of consumers 
by providing reliable and true information 
on offered food, to maintain informed 
choices for consumption. The focus lays 
on the prevention of fraud or misleading 
information regarding the products con-
dition. (see also LFGB §11) 

 Article 14  
Food safety require-
ments 

Food shall not be placed on the market if 
it is considered to be injurious to health 
or unfit for human consumption. 

 Article 18 
Traceability 

The traceability of food, feed, food-
producing animals and all substances 
incorporated into foodstuffs must be 
established at all stages of production, 
processing and distribution. To this end, 
business operators are required to apply 
appropriate systems and procedures. 

 Article 19 
Responsibilities for 
agri-food enterprises 
regarding food 

Responsibilities include: 
The immediate withdrawal of food, which 
is not in compliance with the food safety 
requirements, from the distribution proc-
ess or the market.  
 
Agri-food enterprises “shall participate in 
contributing to the safety of the food by 
passing on relevant information necessary 
to trace a food, cooperating in the action 
taken by producers, processors, manufac-
turers and/or the competent authorities.“ 
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Appendix B: RFID Case Studies from Literature 
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Appendix D: Modelling of Business Information Services (generic example) 
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Appendix E: Information Model for the provision of decentralised product quality information 

(example) 
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Appendix F: Information Model for the online monitoring service (example) 
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