
Systems for sustainability and transparency of food supply chains – Current status
and challenges

P.M. (Nel) Wognum a,*, Harry Bremmers a, Jacques H. Trienekens a, Jack G.A.J. van der Vorst b,
Jacqueline M. Bloemhof b

a Wageningen University, Social Sciences Department, Management Studies Group, Hollandseweg 1, 6706 KN Wageningen, The Netherlands
b Wageningen University, Social Sciences Department, Operations Research and Logistics Group, Hollandseweg 1, 6706 KN Wageningen, The Netherlands

a r t i c l e i n f o

Article history:
Received 15 March 2010
Received in revised form 1 June 2010
Accepted 7 June 2010
Available online 2 July 2010

Keywords:
Food supply chain
Sustainability
Transparency
Traceability
e-Communication

a b s t r a c t

Food chains need to become more sustainable to regain and retain consumer trust after several food inci-
dents and scandals that have taken place in the past. Consumers increasingly wish to be informed about
the safety of their food, its origin, and the sustainability of the processes that have produced and deliv-
ered it. Sustainability comprises environmental issues (‘Planet’), social issues (‘People’), and expected
returns (‘Profit’). With this paper we aim to explore the current status of information systems to support
sustainability in food supply chains and communication towards essential stakeholders. In particular we
identify current technical and organisational solutions and developments that aim to retrieve and pro-
vide information to consumers as well as decision makers concerning sustainability and transparency
issues. Empirical research shows that information provision mainly regards the single isolated business
actor. We explore the possibilities to extend the scope of information exchange towards sustainable sup-
ply chains. We explore the possibilities to upgrade present information systems to improve triple-P
transparency by means of e-instruments.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Recent food crises have increased consumer awareness of the
impact on public health of food production, processing, and distri-
bution in Europe and beyond. Destruction of animals for example
because of BSE has induced ethical concerns [22]. Crises like dioxin
pollution, classical swine fever, and avian influenza, have fuelled
consumer concerns about quality and safety of food production
systems (see, e.g., [31]). Consumers have become more critical
and wish to be informed about the origins and processes of food
procurement, safety levels, production methods, hygiene, use of
genetically modified feed, application of pesticides, and other envi-
ronmental issues like food miles and carbon footprints [36]. Now-
adays, consumers include factors like quality, safety and
environmental conformity in their buying decision, while much re-
search is performed to determine if they are willing to pay more for
sustainable products.

Managers in the food industry and agribusiness will have to re-
spond to these changing consumer demands by increasing sustain-
ability of processes and products. Sustainability is defined as a
situation in which the needs of the present generation are met,
without impeding on the satisfaction of needs of future genera-

tions [10]. Sustainability information encompasses – among others
– human health and safety (‘People’) and environmental impact
(‘Planet’), within an economic context (‘Profit’). The economic ef-
fects (‘Profit’) of sustainable business management can be har-
vested by cost reductions and/or by means of increased revenues.
To boost revenues, companies need to respond to public pressure
by information processing and increased transparency for consum-
ers to positively change the firms’ image [17].

Transparency of a supply chain is the degree of shared under-
standing of and access to product-related information as requested
by a supply chain’s stakeholders without loss, noise, delay, or dis-
tortion [16]. This definition implies that data must be relevant,
accurate, factual, reliable, timely, and available in an appropriate
quantity. Moreover, quality information must be readable, while
information exchange must be reasonable and properly arranged
[16]. This definition poses strict requirements on systems that sup-
port communication towards consumers and stakeholders of a
food supply chain.

However, improving sustainability in the food production sys-
tem usually leads to higher costs in the short term, while the rev-
enues are uncertain. Creating added value by improved
sustainability implies creating transparency, since consumers have
to be convinced (and thus shown) that the often higher prices in-
volved are justified by the measures to improve sustainability. In
the beef sector empirical research has shown that information
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provision indeed makes a difference in consumers’ willingness to
pay (Napolitano et al., 2009). In the long term, integral costs may
become lower, because emission costs may decrease and cost fac-
tors in the supply chain are better known.

We will not assess completeness and consistency of systems for
transparency as such. The goal of this paper is to explore the cur-
rent status of (organisational and technical) information systems
for transparency with respect to sustainability and identify chal-
lenges to improve transparency and sustainability of food supply
chains.

The outline of the paper is as follows. First, in Section 2, we
briefly discuss the need for sustainability and identify various
stakeholders that need to be informed. In Section 3, we address
the relationships between sustainability and transparency. We dis-
cuss two dimensions of transparency and relate them to the
dimensions of sustainability. In Section 4 we address the environ-
mental dimension. We show how improving transparency, with an
emphasis on corporate reporting, plays a key role in bringing envi-
ronmental sustainability to a higher level. We also describe ap-
proaches to compute the environmental impact of supply chains,
namely through lifecycle assessment (LCA) tools. Next, in Section 5,
we discuss transparency from the perspective of human health and
food safety. We show how traceability can improve transparency
and, in doing so, contribute to the social dimension of sustainabil-
ity. In Section 6 we address the challenges for food companies to
become more sustainable and transparent. Finally, in Section 7
we present conclusions and a discussion on instruments to be
developed on the road towards sustainability and transparency.

2. The quest for sustainability

Care for sustainability is inevitable in all industries if we want
to maintain an environment in which our children and all children
after them can live [9]. This environment encompasses all three as-
pects of sustainability: people, planet, and profit. A 1999 survey by
Arthur D. Little has shown that 55% of senior executives regard
product design as the most important mechanism for their compa-
nies to deal with sustainability. Similarly, scientific research under
the headings of ‘Ecological Modernization’ (see e.g., [27]) and ‘Cra-
dle to Cradle’ [23] regard product innovations as driving forces be-
hind sustainable business performance (see also [9]). Future
products need to be easy to recycle and built from durable non-
hazardous materials. Also products need to be made under socially
acceptable working circumstances, while workers share in profits
and participate in decision making.

The same applies to food products. Agri-food and agri-business
companies experience economic, environmental, and social pres-
sure. For example, there is a danger of losing bio-diversity by mod-
ifying – for instance simplifying – genetic codes, which possibly
leads to epidemic hazards. Agricultural land increasingly suffers
from degradation. Water becomes scarcer also, which is a key
element in food production [4]. In addition, the intensive use of
anti-biotic medicine in pork and chicken supply chains endangers
humans, because of increased resistance of bacteria to these drugs.

Becoming sustainable is particularly a challenge for large com-
panies and complex supply chains. Unilever Plc., for example, tries
to transform its food production processes towards sustainability
by applying the ‘triple bottom-line approach’ in sourcing its raw
materials [4]: work towards social progress of people, environmen-
tal protection of the planet, and economic growth or profit in the
supplying countries.

As already indicated, consumers’ buying preferences influence
management towards sustainability. However, not only consumers
influence sustainable behaviour of companies. Other stakeholders
are also impacting sustainable practices, like the government,

being a very important stakeholder in environmental matters,
environmental organisations, which nowadays are involved in
approving sustainable working practices, financial institutions, as
well as academic research and supply chain actors. Since many
large food supply chains act globally, world-wide involvement,
requirements, and consequences have to be taken into account.

Robbins [34] concludes on the basis of the United Nations
Benchmark Corporate Environmental Survey Report that trans-
national corporations (TNCs) react in different ways to global envi-
ronmental challenges, which is reflected in the way they report
their behaviour to their stakeholders. The reactions range from
mere compliance to environmental legislation and litigation via
preventive towards pro-active management styles. The last-men-
tioned management style goes beyond environmental audits and
accounting, by moving towards cradle-to-cradle analyses as well
as environmental research and development and searching for
green markets. The most pro-active style is called sustainable
development management. It occurs in ‘ethical’ TNCs, which have
a global vision and practice for dealing with environmental
challenges.

As introduced in Section 1, sustainability consists of three
dimensions: the environmental dimension (Planet), the social
dimension (People), and the economic dimension (Profit). In this
paper we limit ourselves to the environmental and social dimen-
sions of sustainability. The social dimension concerns impact of
products and processes on people. In this article, we limit ourselves
to the impact of food products and processes on human health, in
particular consumer health.

To support decision making and influence buying behaviour,
stakeholders and consumers need to be informed about sustain-
ability of the companies, products, and processes. In other words:
food supply chains need to be transparent.

3. Transparency for sustainability

Kalfagianni [21] has distinguished a horizontal and a vertical
dimension of transparency in food supply chains. The horizontal
dimension concerns requirements and legislation that apply to
the respective companies in the various stages of the supply chain.
This dimension regards the company strategy and operational pro-
cesses within companies. The horizontal dimension also includes
information provision of each company in a particular stage to rel-
evant stakeholders and consumers concerning their policies and
measures. Corporate reporting, increasingly required by legislation
[42], is a way to convey information. Internet is a medium that is
increasingly used for corporate reporting [19]. While many reports
are still provided as text file, internet offers the necessary flexibil-
ity to fine-tune content and presentation to various stakeholder
groups (see also Section 4).

The vertical dimension concerns requirements and legislation
that apply to all companies in a specific supply chain. This dimen-
sion can also be called chain transparency. The requirements
mainly address the input and output flows of the companies in a
supply chain. How companies internally satisfy chain transparency
requirements is often not specified in the vertical dimension.

Labelling of food products is compulsory in the EU. Labels are
used to enable to trace the origin of products, but also offer assur-
ance of intra-chain quality in transactions between supply chain
actors. Examples are the IKB (Integrated Quality Control) and QS
(Quality and Certainty) systems that apply to the largest part of
food supply chains in The Netherlands and Germany, respectively
(see also Section 4). Supply chains that wish to distinguish them-
selves from other supply chains, for example by means of a specific
quality brand, often use labelling of the food they produce as an
information instrument. Information about the particular distin-
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