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Abstract 
 
The seafood industry in Oman accounts for nearly 0.6% GDP (around €540M). Lack of 
integrated supply chain traceability has resulted in product recalls, waste and exclusion from 
lucrative export markets. We demonstrate the economic benefits of traceability in the Oman 
seafood supply chain and highlight some of the implementation issues. 
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Introduction 
 

The fisheries sector is very relevant to our planet, as water occupies more than 70% of the 
earth surface and its ecosystem is critical to the whole biosphere. The oceans and seas are tightly 
linked through economic consumption, production, food security and environmental protection. 
The Rio+20 World Summit states that the oceans play a central role in planetary survival and 
human wellbeing (Rio, 2013). Apart from the threat of nature, climate change and global 
warming may lead to the extinction of many marine species. Concerns about the global state of 
fisheries resources has highlighted three primary considerations: sustainable utilization, 
economic efficiency and equity in access to resources (Cochrane, 2000). Marine species are 
significantly threatened by overfishing and the consequence of this is depletion of fish stocks 
across the world (Cochrane, 2000). The Food and Agriculture Organization (FAO) estimates that 
more than 60% of fish stocks are exploited to their maximum sustainable limit, which threatens 
the existence of certain species. This may have an impact on food security, particularly in many 
coastal developing countries. 

The total global production of fish reached more than 177 million tons in 2012 (FAO, 2012). 
The global capture of wild fish rose slowly from 81 million tons in 2000 to approximately 90 
million tons in 2013. During the same period, there was a rapid increase in aquaculture farming 
of fish. It increased from 40 million tons in 2000 to 90 million tons in 2013, which accounts for 
nearly 50% of the global catch, creating another challenge for the environment and biological 
sustainability. The value from fisheries and aquaculture trade was in the range of US$120 billion 
in 2011 (FAO, 2013). The product source of more than 80% of this can be traced back to 
developing nations. However, these countries tend to lack sufficient supply chain process design 
and control to fully capture the economic value for themselves.  

Oman is rich in fisheries and seafood resources. The country has a 3,165 km long coastline 
with an exclusive economic zone area of 300,000 km2 from Hormuz in the north to Dhofar in the 
south. Its annual fish export is approximately 120,000 metric tons (MOAF, 2013). The country 
began exporting to the US and EU markets in 1986. However, in the last ten years the country 
has lost most of its share in the Eurpoean market due to many legal and technical issues in the 
process value chain (FVO, 2006). The Omani government strategy is to develop an efficient 
fisheries sector both in term of income, output, value added and employment. This would create 
an efficient sustainable sector for fisheries and job security for local (MNE, 2013). 

Traceability in food process value chains has long been used to control and prevent food 
contamination, improving business efficiency and retaining consumer confidence. There is also 
an emerging demand for smart package materials for better safety control and traceability of 
products (Lee et al., 2014).  

The main objective of this study is to assess the economic benefits of supply chain 
traceability in the Omani seafood industry. The Net Present Value (NPV) is calculated for the 
Oman seafood sector which demonstrates the benefit of the implementation of an integrated 
traceability system. Seafood traceability is analyzed using both statistical and financial models. 
This initial study is useful in term of demonstrating the economic benefits of supply chain 
traceability and how such regulation could improve trade.  
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Methodology 
 

The Oman seafood supply chain consists of the fish moving through fishermen, processors, 
wholesalers, distribution centres, retailers and finally end consumers. A semi-structured 
interview protocol was developed and deployed with quality managers in seafood processing 
companies. These individuals were selected as they are responsible for finished product safety 
and quality within each company. A Cost-Benefit Analysis (CBA) model was used to analyse the 
economic results of the implementation of a traceability system within a sample company 
“Oman Fisheries” supply chain. In previous studies, Mai (2010) used the concept of CBA in the 
fisheries supply chain. Both NPV and CBA tests require that costs and benefits be presented in 
terms of their values from a company’s perspective. 

An axiomatic approach model gives a more detailed picture of the individual costs and 
benefits from the implementation of supply chain traceability. Suh (1990) shows both the risk 
and cost minimizations from the implementation of traceability systems through a functional 
domain (FD) and physical domain (PD) approach as shown in Figure 1.  
 

 

Figure 1 - Mapping of Functional and Physical Domain for the supply chain (Suh, 2001) 

 
Figure 2 shows the initial application of the Functional and Physical Domains to the traceability 
system. Through decomposition, the customer attributes can be translated to functional 
requirements. For the seafood industry, the objective of the Functional Domain is to minimize 
the cost through the traceability system as in Figure.2. 
 

The Axiomatic design method was developed by N. P. Suh in
1990 for product design (Suh, 1990). The design framework
includes four domains: customer, functional, physical and process.
It involves a rigorous procedure to map between different domains
through a zigzagging decomposition process, transferring custo-
mer attributes (CA) to functional requirement (FR), to design
parameter (DP), and to process variable (PV). Fig. 1 depicts a
detailed mapping process between functional and physical
domains (Suh, 2001). A complex design problem is decomposed
into a set of small problems from highest to lowest design levels;
this process facilitates designers translating the design intent into
design details step by step. For each level of design, a set of FRs in
the functional domain is mapped to a corresponding set of DPs in
the physical domain. The Independence Axiom is applied to guide
the mapping process and guarantee proper DPs are chosen. The
chosen DPs at a higher level will guide the decomposition of FRs at
the next level, forming a zigzagging process.

2.1. Zigzagging decomposition process

For a supply chain traceability system design, we mainly focus
on functional and physical domains. For the customer domain,
unlike product design, our customer requirements are rather clear
– minimizing overall costs while motivating each party to parti-
cipate. Although other performance indicators, such as service

level and lead time, are also important, cost is always the key
concern. The mapping process between functional and physical
domains in a traceability system is as follows:

We start by determining the overall functional requirement
(named as FR1 in Fig. 2) in the functional domain. FR1 of a trace-
ability system is to minimize the overall costs of system invest-
ments and deficiencies of traceability-related supply chain pro-
cesses. The investments of a traceability system is composed of
(a) hardware costs, including tags, antennas, readers, etc.,
(b) software costs, including middleware and supporting IT sys-
tems, (c) system implementation and maintenance costs,
(d) training and consulting costs, service provider fees, etc. (Dai et
al., 2010). Traceability-related supply chain processes refer to
processes whose costs can be affected by traceability systems, e.g.
reverse logistics, recycle, product recall, quality control, inventory,
etc. We will identify possible deficiencies in the process and
address them through traceability system design. The question of
which cost components to focus on depends on major issues the
system tends to address, such as product recall efficiency, inven-
tory accuracy, etc.

Now we move to the physical domain to figure out corre-
sponding DP1. For our ultimate goal, FR1, a well-designed trace-
ability system is DP1. Simple as it is at the first level, we need to go
back to the functional domain to break down FR1 to identify more
detailed design parameters.

Fig. 1. Mapping process between the functional and physical domains (Suh, 2001).

Fig. 2. Design framework for supply chain traceability systems (adapted from Suh (2001)).

H. Dai et al. / Int. J. Production Economics 170 (2015) 14–2416
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Figure 2 - Design framework for traceability system (Suh, 2001) 

 
Results and Discussion 
 

The supply chain traceability system involves both process chain, technology and human 
activities. According to EU regulations 178/2002, it is mandatory to print the date of 
fishing/process information on each fish to be sold in the EU. After captured fish are loaded onto 
ice, they are transported from the fishing zone to Oman Fisheries and a grading centre. Fish 
quality and safety is checked first. There is preliminary laboratory testing for pH, Titratable 
Acidity (TA), Peroxide Value (PV) and Total Microbial Load (CFU) plus other necessary 
microbial analysis based on the requirements from the export partners. Then the batch goes 
through a sorting procedure in which typed codes categorize the products. The date and time for 
the whole process is recorded in portable information technology (IT) systems. All packed 
seafood is moved to a warehouse for temporary storage under controlled temperature and 
humidity. Finally, these boxes of seafood are transported to wholesalers, retailers and final 
customers.  
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1990 for product design (Suh, 1990). The design framework
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– minimizing overall costs while motivating each party to parti-
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We start by determining the overall functional requirement
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which cost components to focus on depends on major issues the
system tends to address, such as product recall efficiency, inven-
tory accuracy, etc.

Now we move to the physical domain to figure out corre-
sponding DP1. For our ultimate goal, FR1, a well-designed trace-
ability system is DP1. Simple as it is at the first level, we need to go
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Figure.  Oman Fisheries Traceability system structure 
report a positive correlation for environmental and economic
performance [185,131,163]. Still, the underlying question offers
a major avenue for future research. Again, the interrelation with
more traditional supply chain performance management proposes
a full range of research issues.

! There is a much increased need for cooperation among part-
nering companies in sustainable supply chain management.

While supply chain integration can be considered a hot topic,
much of the academic discussion as well as findings from empirical
research point towards the limited integration that can be observed
[207,204]. Several case studies have outlined how far the co-
operation has to reach and how much effort focal companies have
to invest before they can make the supply chains operational.
Linking this back to the performance issue, this imposes the
question, how companies might use supply chain integration to
reach a sustainable performance?

These three distinctive features together place sustainable
supply chain management well within the overall area of research,
and offer evidence on which additional issues have to be addressed.
This might also feedback into conventional supply chain literature.

5.2. Shortcomings of existing research

As a second issue, the limitations of present research are
addressed. Here, two major points are highlighted.

! Sustainable development is often reduced to environmental
improvements.

The comprehension of sustainable development is often rather
simplistic. Mostly the Brundtland definition cited above [225] is
referred to. It is, however, not discussed whether a more technical,
positivist comprehension or a social science-based approach is
taken, i.e., where sustainability is comprehended as a regulative
idea. Consequently, the understanding of sustainable development
is fragmented and mostly one-dimensional, i.e., environmentally
based. An integrated perspective is required for future research
where social issues in particular and the interrelation of the three
dimensions need to be investigated much further.

! A theoretical background is often missing.

From a general perspective, there is a deficit in the take-up of
theoretical background, both from within supply chain or opera-
tions management, as well as from a wider perspective, such as
new institutional economics or strategic management. This con-
clusion is mainly derived from working with the material for
a considerable time. Future research should take this into account.

In particular, empirical research, as carried out in case studies and
surveys, needs to build on a stronger theoretical basis. Yet, this
should also be seen as an opportunity to develop theory. The
framework presented in this paper is one such step towards theo-
rizing [226].

Two thoughts should be taken into account. First, related de-
velopments also continue in traditional supply chain management.
Second, academic papers have to say what they are trying to say
within a certain word count, so authors might often choose to focus
on empirical findings which are unique to their research rather
then those relating to well-known theories.

6. Conclusion

This study has taken a broad look at sustainable supply chain
management and the issues emerging in this field. It offers a con-
ceptualization (embedded in Figs. 4–6) based on a literature review.
Frequently, external triggers are put forward which are placed on
focal companies by governing agencies, customers and stake-
holders. Such pressure as well as incentives might lead to action by
focal companies. In their relation to suppliers, several barriers and
incentives are observable which hinder or further sustainable
supply chain management. Based on these triggers, two strategies
are identified. The first one is labelled as ‘‘supplier management for
risks and performance’’. One major fear of companies following
such a strategy is a loss of reputation if related problems are raised.
Hence, additional environmental and social criteria are taken up to
complement economically based supplier evaluation. Environ-
mental and social standards play a central role in enabling this.

The second strategy is called ‘‘supply chain management for
sustainable products’’. This usually demands the definition of life-
cycle based standards for the environmental and social perfor-
mance of products, which are then implemented throughout the
supply chain. As mentioned already, several measures have been
taken to ensure the quality of research conducted. However, in
conceptual research, the knowledge, experience, and mindset of
the researcher or research group have a strong impact on the
results.

Future work might improve this framework by taking a closer
look at particular sub-bodies of publications, i.e., from a research
methodology perspective. This might allow specific features to be
identified in greater detail.

References Papers contained in the literature review1

[1] Abukhader SM, Jönson G. Logistics and the environment: is it an established
subject? International Journal of Logistics: Research and Applications 2004;
7(2):137–49 [review, environment].

Fig. 5. Supplier management for risks and performance.

Fig. 6. Supply chain management for ‘‘sustainable’’ products.

1 The references for this paper are given in two parts: nos. [1] to [191] present the
papers contained in the literature review. To make it easier to distinguish refer-
enced papers not contained in the review, they are listed from [200] onwards.

S. Seuring, M. Müller / Journal of Cleaner Production 16 (2008) 1699–17101706

Conceptual Framework 

1)  Traceability system TS for the Omani seafood industries are 
assessed for: 
I.  Process design.  
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Figure 3 - Oman Fisheries Traceability System Structure 
 

Figure 3 shows the current process map in Oman Fisheries. The traceability system in Oman 
Fisheries shows all the upstream and the downstream steps of the supply chain. The fish product 
can be traced back to its original step of harvesting, while any added ingredients would be traced 
to the supplier. 

Oman Fisheries bears most of the cost of the implementation of the traceability system in its 
supply chain. Major costs for this system include hardware cost, software cost, personnel cost, 
and third party service cost. Hardware in the traceability system includes equipment such as 
barcode tags, barcode printers, computers, and barcode scanner. Software costs include the 
purchase of software systems and upgrades. There are full time employees dedicated to the 
operation of the traceability system.  

The traceability implementation would cost the Oman Fisheries US$ 30.0 million for the 
initial investment. The cost structure of Oman Fisheries traceability system is similar from other 
industry cases. In the cheese industry (Regattieri, 2007), hardware including tags and readers are 
the major cost of its traceability system. The annual maintenance cost is US$5 million. The 
benefits include the operational efficiency, increased supply chain confidence through reducing 
recalls and waste, and through increased market access. Other benefits include improved 
handling/quality, improved information management and reduced liability insurance. The most 
valuable benefit is perhaps the increased market share in Oman, Middle East, Asia and to some 
extent European markets. The traceability system gives Oman Fisheries seafood products added 
value in a competitive market.  

Based on the initial study, the Oman Fisheries would be able to recover all investment within 
a 3 year period. The Internal Rate of Return (IRR) was 79%. Another obvious benefit of this 
traceability system is smooth and transparent information exchanged among firms, sorting and 
grading centres, and retailers. Useful information such as fish quality, weight and freshness can 
be made available.  

In addition, the benefits of implementing the traceability system can be shared across the 
supply chain. The producer can have higher monetary benefit such as higher revenue from 
market growth, recall cost reduction, savings from liability cost and personnel savings. 
Distributors and retailers can avoid wrongfully charged liability cost. A traceability system can 
increase their operational efficiency. For consumers, the most important thing which a 
traceability system can bring is products with higher quality and better safety measures.  
 
Conclusion 

 
Traceability is necessary to control seafood contamination, improve seafood businesses and 

retain consumer confidence. The underlying cause of supply chain disruptions to the Oman 
seafood industry (e.g. product recalls) can be attributed to the absence of integrated traceability. 
A Cost-Benefit Analysis (CBA) model was used to analyse the economic benefit of the 
implementation of a supply chain traceability system. It was found that Oman Fisheries would be 
able to recover all investment within a 3 year period. In addition, the value added from 
implementing traceability in the seafood supply chain provides wider economic benefit to a 
developing nation such as Oman. 
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