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ABSTRACT: Supply chain engineering requires a design that possesses the flexibility of a complex 
adaptive system, consisting of interlinking architecture, with external dimensions and system germane 
internal elements. The aim of this paper is to critically analyse the key supply chain concepts and ap-
proaches, to assess the fit between the research literature and the practical issues of supply chain archi-
tecture, design and engineering. The objective is to develop a methodology for strategy engineering, 
which could be used by practitioners when integrating supply chain architecture and design. Taxo-
nomic scheme is applied to consider criteria for strategy architecture, hierarchical strategy integration 
design, strategy engineering, and integration of supply chain as a conceptual system. The results from 
this paper derived with the findings that the relationship between supply chain architecture, design 
and engineering is weak, and challenges remain in the process of adapting and aligning operations. 
This paper derived with a novel approach for addressing these obstacles, through a conceptual frame-
work diagram and a new methodology, based on the taxonomic scheme. The novelty that derives from 
this paper is an engineering design methodology for integrating supply chain architecture and design, 
with criteria that enable decomposing and building a green-field (new and non-existent) supply chain 
as a system. The taxonomic scheme revealed a number of tools and mechanism, which enabled the 
development of a new methodology for engineering integrated architecture and design. The review 
derived with improvements to current and existing theories for analysing interdependencies within 
and between their individual contexts. This issue is addressed with a hierarchical method for network 
design, applied for building and combining the integration criteria. The resulting methodology is field 
tested through a case study with the slate mining industry in North Wales. 

Keywords: Supply chain architecture, supply chain design, green-field supply chain conceptual engineering.
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1. INTRODUCTION  

The progress of integrating supply chain principles 
is weak, specifically towards ‘adapting’ (Saad et 
al., 2002) and ‘aligning’ (Sakka et al., 2011). Supply 
chain decisions are commonly based on individual 
company profitability goals (Leng and Chen, 2012), 
undermining that supply chain is a single entity sys-
tem (Mintzberg et al., 1998, Schnetzler et al., 2007, 
Narasimhan et al., 2008, Ivanov, 2009, Perez-Franco 
et al., 2010). In addition, the supply chain strategy in 
practice is frequently not related to the competitive 
strategy (Mckone et al. 2009). This findings create 
the rationale for further investigation on how supply 
chain strategies are engineered, and the overarching 
architectures that enable integration of operations. 

Supply chain engineering has been defined as a com-
plex adaptive system (Bozarth et al., 2009, Pathak et 
al., 2007), consisting of interlinking architecture and 
design, with external dimensions and system ger-
mane internal elements (Melnyk et al., 2013). Supply 
chain strategic engineering represents an effective 
method for implementing strategic integration (He 
and Lai, 2012). However, further research is required 
to include the relationship of change in culture and 
structure to integration (Nikulin, et al. 2013). 

Supply chain strategy engineering as a green-field 
concept of non-existent until formulated supply chain, 
should embrace collaborative commerce and synchro-
nisation of information flow (Frohlich and Westbrook, 
2001, Vickery et al., 2003, Al-Mudimigh et al., 2004, 
Manthou et al., 2004, Kim, 2006).

The area of research for this paper is the field of 
supply chain engineering that include the external 
architecture and internal design, in a green-field 
engineering (new and non-existent supply chain). 
To evaluate the present approaches in supply chain 
practice, the paper begins with a review of existing 
supply chain models, which cover the relevant as-
pects of green-field supply chain integration. The 
research areas reviewed are: supply chain engineer-
ing, supply chain architecture, supply chain design, 
and supply chain integration.  

There is a vast number of developed or proposed 
supply chain models focused on one or more supply 
chain areas. The objective of this paper is to group 
the factors in recognisable taxonomic scheme, and 
to derive with a new set of principles for green-field 
supply chain strategy engineering of the supply 
chain architecture and design. 

1.1 Research Objectives 

The research problems investigated are related to 
engineering the integration of supply chain architec-
ture and design. The research objectives are:  

1. To derive with a set of principles for a green-field 
supply chain architecture with multiple supply 
chain participants. 

2. To derive with set of principles for green-field 
supply chain integration design.  

3. To systematically integrate the supply chain en-
gineering principles, based on the architecture 
and design criteria, for individual activities to-
wards pre-defined green-field integration areas. 

To relate the criteria to the methodology, the taxo-
nomic scheme is presented in a hierarchical concept 
map and concept diagram methods are applied. The 
objectives of the paper are oriented around external 
and salient dimensions, which directly affect the 
supply chain architecture, and design, and the sup-
ply chain engineering consist of external and inter-
nal elements, forces and factors. 

1.2 Structure of the paper

This paper is structured in the following order: first-
ly the research aim and objectives are defined, along 
with the rationale for the study; secondly, the lit-
erature review outlines the most prominent models 
and methods in this field; thirdly: the reasoning be-
hind key tenants of the methodology are discussed 
in detail, with specific observations from existing 
literature on this topic; fourthly, the methodology 
that derived from this study is presented, followed 
by the principles key, containing the key tenets and 
abbreviations. The fourth step also relates the key 
tenets to existing literature and elaborates on the 
benefits from the methodology to practitioners and 
academics; and finally, the emerging principles are 
analysed to clarify how the key tenets are applied 
to the new methodology for engineering green-field 
supply chain architecture and design. To clarify how 
the methodology can be interpreted and applied, the 
methodology is field-tested through case study on 
the Slate Mining Industry in North Wales. 

2. LITERATURE REVIEW

The literature review reveals the most prominent lit-
erature and outlines the tools and mechanisms that 
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enabled this paper to derive with the principles for 
engineering green-field supply chain integration. 
The objective of the literature review is to analyse 
the key tenets that enable the architecture for in-
ter-relating the design of supply chain operations.  

Recent literature addressed the aspect of reformulat-
ing existing supply chains when problems emerge 
(Nikulin, et al. 2013, Melnyk et al., 2013, Perez-Franco 
2010). However, those studies ignored the vast list of 
measurements in existing literature (Van der Vaart 
and van Donk, 2008) and the diverse external dimen-
sions and the elements, factors and forces that are 
present in different environments (Radanliev, 2015a). 

Nikulin, et al. (2013), Melnyk et al., (2013), and 
Perez-Franco (2010) addressed the aspect of re-engi-
neering, while Van der Vaart and van Donk, (2008) 
defined the re-engineering strategic patterns. Nev-
ertheless, the topic of formulating a supply chain 
strategy as a green-field concept, remains elusive 
and most of the closely related frameworks (Radan-
liev, 2015b, Schnetzler et al., 2007, Hafeez, et al. 1996, 
and Pettigrew, 1977) have never advanced into full 
working methodologies, defining the engineering in 
a step by step supply chain engineering design. 

There is much confusion in existing supply chain 
literature on terminologies defining re-engineering 
and engineering (Radanliev, 2015c). Terms such as 
supply chain engineering, design or architecture 
are commonly used in supply chain re-engineering 
studies, effectively referring to re-designing. The 
research in this paper distances from the aspect of 
re-engineering and is focused on the engineering of 
non-existent supply chains in a green-field context. 
Therefore, the term green-field is a clarification con-
cept referring to non-existent supply chains, in other 
words, the field is green, and there is nothing there.  

3. RESEARCH METHODOLOGY

The research methodology applied in this paper 
was taxonomy of approaches from literature re-
view.  The selected papers have been related to sup-
ply chain strategy, distancing from supply chain 
management. Recent literature clearly separated 
between the topics of supply chain management 
and supply chain strategy (Perez-Franco et al., 2010, 
Schnetzler et al., 2007, Martínez-Olvera and Shunk, 
2006). Supply chain management has been defined 
as the process of transforming materials into a fin-
ished product, presenting a long term objective 
where validation should expand over a long period 

of time (Saad et al., 2002, Mentzer et al., 2001). The 
supply chain strategy was considered as an inves-
tigation into how the supply chain should operate 
efficiently to compete, by evaluating costs, benefits 
and trade-offs in the supply chain operational com-
ponents (Perez-Franco et al., 2010, Schnetzler et al., 
2007, Martínez-Olvera and Shunk, 2006). 

In exception of a few cases, the papers have been 
selected with a research time horizon over the last 
10 years (2005-2015), covering literature published 
on the topic of supply chain strategy engineering. A 
limited number of most prominent papers from ear-
lier literature have also been reviewed, because of 
their specific contribution to the topic of green-field 
supply chain strategy engineering.   

By distancing from the area of supply chain manage-
ment, the number of relevant papers was reduced 
dramatically. This focused the review of literature 
specific to the engineering aspect of a supply chain 
strategy, and building a methodology for green-field 
supply chain strategy engineering.  

Over seventy papers have been reviewed, covering 
empirical techniques (case/field study, survey, ar-
chival research, action research, conceptual models) 
or modelling techniques (optimisation, simulation, 
algorithms, systems). What united all the papers 
reviewed is their singular focus on supply chain 
strategy, was identified as a topic far less covered in 
existing literature than supply chain management.  

Multiple methods have been used to search for ap-
propriate literature, to provide transparency, and to 
reduce risk of missing out on important literature. 
The databases used include the Web of Science and 
the Business Source Complete. In addition, Google 
Scholar was used to ensure the literature selected 
provides a wide coverage of the topic. The initial re-
sults produced more results than a single study can 
handle. The process of selecting the most pertinent 
literature involved applying selection criteria. The 
selection criteria are based on deriving with key-
words and scanning first the titles for those word. 
Secondly, the selected literature was further reduced 
by scanning the abstract to ensure direct relevance to 
the topic.  

The complexity of the subject, the multiple environ-
ments, dimensions, elements and concepts, required 
a research that does not set any limits to categorising 
the conceptual, analytical or empirical nature of the 
existing approaches. Many of the approaches identi-
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fied in literature are focused on resolving singular 
supply chain problems, and are not relating to other 
aspects of supply chain engineering. This presented 
the rational for applying a taxonomic scheme to in-
vestigate, interrelate and group the attitudes, prac-
tices and patterns, present in existing literature on 
the topics of supply chain: engineering, integration, 
architecture and design. The taxonomic scheme en-
abled categorising concepts into different clusters. 
The categorisation enabled the process of recognis-
ing, differentiating and understanding different atti-
tudes, practices and patterns for engineering supply 
chain strategy, and interrelating them in accordance 
to positive relationships between different concepts.   

But in general, many of the studies have hardly built 
on previous work. The taxonomic scheme enabled 
combing and pairing factors and elements from dif-
ferent papers, because they were based on the same 
aspect of research, and discussed the same con-
structs and items in terms of supply chain strategy 
engineering. As a result of the taxonomic scheme, 
the analysis derived with the most prominent atti-
tudes, patterns, and practices for supply chain engi-
neering, and the   interactions, or interrelationships 
between these factors.

The synthesised knowledge is then applied for 
building a methodology integrating the approaches 
in existing literature on supply chain strategy engi-
neering.

The papers have been analysed around a taxonomy 
of characteristics, to map and evaluate green-field 
supply chain strategy engineering. The different 
approaches have been categorised in hierarchical 
methodology.  

The case study method was applied to field-test the 
resulting methodology on formulating a green-field 
supply chain strategy for the Slate Mining Industry 
in North Wales. 

4. TAXONOMIC SCHEME

4.1 Green-field strategic integration 

The process of merging distinct green-field opera-
tional areas into the supply chain area, creates an 
urgency to integrate the information and physical 
flow into relationships that link these areas and fos-
ters ‘trust and commitment’ (TC) with supply chain 
partners (Bozarth et al., 2009). Pathak et al. (2007) 
designed a set of principles based on TC, however, 

the principles would benefit from being tested with 
case study, in a similar way that other frameworks 
are field-tested (Perez-Franco et al., 2010, Narasim-
han et al., 2008, Martínez-Olvera, 2008, Martínez-
Olvera and Shunk, 2006). In addition, these frame-
works would benefit from criteria to evaluate and 
measure performance of integrating supply chain 
participants into a ‘networked organisation’ (NO) 
(Sukati et al., 2012). Where performance depends on 
‘identification of best candidates’ (IBC) (Lee and Bil-
lington, 1992), and requires measurement system for 
‘interdependence and organisational compatibility’ 
(IOC) in supply chain design (Beamon, 1998). 

4.2 Characterising green-field integration 

‘Supply chain strategy integration’ (SCI) is described 
as a ‘single entity system’ or a ‘confederation’ (Men-
tzer, 2001) and a ‘networked organisation’ (Ivanov, 
2009). The ‘single entity system’ should be focused 
on ‘capturing the essence and forecasting the effect’ 
of supply chain integration and performance (CEFE) 
(Mentzer, 2001), through combining resources and 
capabilities (Narasimhan et al., 2008). In addition, to 
‘characterise greenfield supply chain strategy and 
integration’ (CGSI) the functional activities should 
be investigated to identify actual instead of desired 
strategy outcomes (Cigolini et al., 2004). 

Strategic integration represents an effective method 
for implementing strategic choices and further re-
search is required to include the ‘architecture imple-
mentation’ (FI) in integration (He and Lai, 2012). 
To address this, an algorithm has been described 
for selecting best supply chain integration strategy 
through separation in ‘space, time, parts and con-
ditions’ (STPC) for scenarios when problems occur 
(Nikulin et al. 2013). The soundness and the logic be-
hind Nikulin et al. (2013) approach could be applied 
as a tool to build upon a framework for supply chain 
strategy architecture. Such framework should em-
brace collaborative commerce and synchronisation 
of supply chain information flow, promoting flex-
ibility and effectiveness (Frohlich and Westbrook, 
2001, Vickery et al., 2003, Al-Mudimigh et al., 2004, 
Manthou et al., 2004,  Kim, 2006).

4.3 Categorising green-field integration activities 

Supply chain competences lead to diverse perfor-
mance advantages in various business environments 
(Closs and Mollenkopf, 2004), but the same practices 
and patterns cannot be applicable in every industry 
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context to achieve superior performance (Nikulin et 
al., 2013, Van der Vaart and van Donk, 2008, Vickery 
et al., 2003). Factors that improve supply chain inte-
gration and performance have been categorised into 
attitudes, practices and patterns (Van der Vaart and 
van Donk, 2008). The relationship between these 
clusters remains elusive and the number of ‘archi-
tecture elements’ (FE) and ‘architecture concepts’ 
(FCo), should be validated through further research. 
Formulating supply chain strategies in the context of 
‘green-field architecture’ (GF) with a singular focus 
on integration and performance (Frohlich and West-
brook, 2001), presents limitations (Childerhouse and 
Towill, 2011, Perez-Franco et al., 2010, Rosenzweig 
et al., 2003), because various supply chain aspects 
should be considered in the design and architecture 
stage, and supply chain integration activities have a 
unique set of benefits (Swink et al., 2007).

A holistic framework for supply chain design (Mel-
nyk et al. 2013) concluded that supply chain de-
sign must consider the ‘external dimension’ (ExD). 
The study recommended a process for uncovering 
the various pieces that orchestrate the overall sup-
ply chain architecture and design, through inves-
tigating the ‘underlying factors’  (UF) and ‘salient 
dimensions’(SaD), such as ‘external elements’ (EE), 
‘factors’ (EFa), and ‘forces’ (EFo) (Melnyk et al. 2013). 

4.4 Green-field supply chain decomposition design 

Supply chain design is a dynamic process and in-
terdependencies should be analysed ‘within’ and 
‘between’ in individual context (Dubois et al., 2004). 
One approach for building and combining the cri-
teria is a hierarchical method for network design 
(Dotoli et al., 2005). This approach can be strength-
ened by building upon the principles from ‘Analyti-
cal Target Cascading’ in context of decomposing a 
complete supply chain hierarchical tree (Qu et al., 
2010), similarly to ‘decomposing supply chain into 
hierarchical tree’ (DSCHT) (Schnetzler et al. 2007). 
The DSCHT combined with the techniques from 
the customer–product–process–resource (CPPR) 
(Martínez-Olvera and Shunk, 2006) and ‘analytical 
target cascading’ (ATC), provide the background for 
designing a new engineering method that would in-
clude the process of getting from the ‘present to (the) 
required’ stage (PR). 

The design process could apply a ‘conceptual ap-
proach for supply chain inter-organisational inte-
gration’ (CSCIOI) (Perez-Franco et al., 2010). Alter-

natively, conceptual system can be verified with 
system dynamics and mathematical modelling (Iva-
nov, 2009), however, mathematical modelling could 
hardly calculate with precision the perceptions of 
the individual decision maker perceptions. 

Engineering systems literature  integrated a system 
dynamics principles to decompose supply chain 
and tested the approach though dynamic analysis 
(Hafeez et al., 1996). The engineering system ap-
proach could be applied as a visualisation tool for 
presenting and interlinking multiple supply chain 
areas with external business dimensions (Lertpatta-
rapong, 2002), but such approach could hardly com-
prehend the supply chain complexities and multiple 
variables in ‘integration as a method for integrating 
strategic choices’ (IMSC), leading to the conclusion 
that conceptual architectures and supply chain de-
composition design are stronger visualisation tools. 

Nevertheless, engineering design techniques such 
as the Pugh Controlled Convergence (Pugh, 1990), 
the Enhanced Quality Function Deployment (Claus-
ing, 1992), the Design Structure Matrix (Eppinger et 
al., 1994) the Engineering System Matrix (Bartolo-
mei et al., 2007), and the ‘techniques tool matrix’ 
(Cigolini et al., 2004), can be applied in combination 
with ‘cascading strategy’ (Narasimhan et al., 2008), 
to case study, to build the supply chain strategy en-
gineering architecture and design as a conceptual 
system (Perez-Franco et al., 2010). Such an approach 
can be combined with supply chain decomposition 
(Schnetzler et al., 2007) to address the ‘architecture 
criteria’ (FCr) problem. 

4.5 Green-field conceptual engineering 

‘Conceptual model’ approach (CM) has been applied 
for strategy architecture to evaluate decision makers 
strategic goals (Perez-Franco et al., 2010, Narasim-
han et al., 2008, Cigolini et al., 2004). Therefore, ‘a 
conceptual system for supply chain decomposition’ 
(CSSCD), could integrate operational level employ-
ees to identify relationship between the vision and 
goals and for explaining the relationship between 
concepts (Platts et al., 1996, Menda and Dilts, 1997). 

4.6 Ontological semantic alignment for green-field design

Alternatively, an ‘ontological approach can be applied 
for semantic alignment’ (OASA) where knowledge 
elicitation, containing, mapping and merging should 
represent the foundations for adapting or aligning 
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supply chain principles (Sakka et al., 2011). The process 
should conceptualise strategy as a system of choices, 
patterns or decisions to address the phenomenon of 
‘strategy absence’ (SA) in strategy architecture (Ink-
pen and Choudhury, 1995). The process should start 
by reaching a consensus on the ‘preliminary salient di-
mensions’ (PSaD) and strategic objectives (Platts et al., 
1996, Menda and Dilts, 1997). The process can be fur-
ther clarified by applying ‘architecture criteria’ (FC), 
such as: procedure, process and participation, which 
require communication mechanisms to enable con-
cept understanding (Inkpen and Choudhury, 1995). 
The concept understanding should apply design ‘in-
tegration criteria’ (EC) through systematic innovation 
(Sheu and Lee, 2011), as a method for distilling inno-
vation to strategy. However, strategy absence must 
be addressed through the architecture criteria prior 
to applying the integration criteria, because system-
atic innovation brings strategy dynamics through the 
‘process chain and virtual eChain’ (PC-VC) feedback 
mechanisms, whereas strategy absence effectively dis-
ables the feedback mechanisms and reduces the ‘sup-
ply chain agility’ (SCA).

The feedback mechanisms enable the process of: (1) an-
ticipating the demand for a product, market standards 
and influencers, product variety and life cycle (Fisher, 
1997); (2) investigating the internal and external factors 
(Narasimhan et al., 2008); (3) determine the supplier or 
customer focus and level of integration (Frohlich and 
Westbrook, 2001); and (4) enable building trust and 
commitment, or interdependence and organisational 
compatibility (Mentzer, 2001). These feedback mecha-
nisms enable building upon the supply chain architec-
ture criteria and until present, the architecture criteria 
has not been combined with the ‘integration criteria’ 
(EC): visibility (Inkpen and Choudhury, 1995, Fish-
er, 1997), acceptance (Saad et al., 2002), participation 
(Menda and Dilts, 1997, Zhou and Chen, 2001, Qureshi 
et al., 2009), communication (Tracey et al., 1999), for-
mality (Andrews et al., 2009), adaptability (Sakka 
et al., 2011, Saad et al., 2002), integration (Bozarth et 
al., 2009), effectiveness (Fisher, 1997) flexibility (Kim, 
2006) and responsiveness (Fisher, 1997). Building upon 
and combining the criteria would represent a novel 
contribution from synthesising existing knowledge for 
deriving new findings. 

4.7 Green-field supply chain engineering in uncertain en-
vironments

Recent literature are the indications that supply 
chain engineering and competitive strategy are com-

monly not linked to the ‘corporate strategy’ (CS) 
(Mckone et al., 2009). Adding to these concerns are 
the findings that challenges still remain in the pro-
cesses for ‘adapting and aligning’ (AA) supply chain 
engineering (Saad et al., 2002) and operations (Sakka 
et al., 2011). The strategy architecture represents a 
process of ‘capabilities integration’ (CE) and accept-
ing the reality and acting upon that reality in a given 
business environment (Miller and Friesen, 1978). 
The supply chain engineering topic remains incon-
clusive and there are remaining ‘barriers to change 
and approaches to overcome’ (BCAO) (Mckone et 
al., 2009, Saad et al., 2002, Sakka et al., 2011). 

In a similar context, various algorithms have been 
applied to several supply chain problems, however, 
in some environments the ‘participants aims and ob-
jectives’ (PAO) problem is larger than the test data 
and optimal solutions cannot be found in reason-
able time frame (Lee et al., 2010) leading to ‘strategy 
absence’ (SA). Metaheuristic algorithms could in the 
future provide a solution for identifying optimal 
logistic solution for supply chain strategy design 
(Griffis et al., 2012). Such a method would be use-
ful for addressing the logistics as a specific problem 
in strategy architecture. However, metaheuristics 
would hardly anticipate aspects such as the in-
dividual decisions of decision makers in the vast 
numbered dimensions in multiple business envi-
ronments. In this context, the conceptual system ap-
proach has been proven effective for ‘supply chain 
strategy articulation’ (SCSA) and optimal solution 
detection (Perez-Franco et al., 2010). 

4.8 Supply chain efficiency of green-field architectures

The process of determining the underlying factors 
of salient dimensions in supply chain engineering, 
should be focused on preserving core-activities and 
outsource non-core activities (Gilley and Rasheed, 
2000). For example, in the ‘transport and logistics 
strategy’ (TLS) third party logistic partnerships en-
able cost reduction combined with improvement 
in service and operational efficiency (Sheffi, 1990), 
bringing into focus the ‘transportation and logistics 
integration strategic elements’ (TLISE). In this con-
text, further investigation of a potential ‘fit’ between 
companies outsourcing intensities and vertical stra-
tegic integration could strengthen existing under-
standing of the ‘outsourcing through abstention’ 
(OTA) problem (Gilley and Rasheed, 2000). Since 
greater collective operational activities need to be 
advanced through supply chain alliances, then the 
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strategic problem of ‘integration as a method for in-
tegrating strategic choices’ (IMSC) grows into one 
of a degree (Frohlich and Westbrook, 2001),  how-
ever, the right level of ‘fit, intensity and integration’ 
(FOI) should be identified to optimise performance 
(Jayaram and Tan, 2010).

4.9 Engineering the performance of green-field architectures

Existing frameworks such as Kaplan and Norton 
(1996), which was expanded by Brewer and Speh 
(2000), are applicable to specific supply chain catego-
ries ‘supply chain performance measures and inte-
gration’ (SCPME). These frameworks are not applied 
to evaluate strategy architecture that can be defined 
as ‘green-field performance measures’ (GPM), where 
measuring performance in effect refers to forecasting 
performance. The most advanced performance mea-
surement system identified is the SCOR model (SCC, 
2001) because the model is applied to industry and 
has evolved through feedback from industry. How-
ever, in an uncertain market demand and continuous 
new product development, flexibility and feasibility 
should also be included in the performance measures 
(Perez-Franco et al., 2010). 

4.10 Engineering the environmental dimensions for 
green-field architectures

Supply chain engineering must anticipate ‘product 
and product family’ (PF) in the design process, while 
supply chain architecture must be designed in ac-
cordance to the ‘best product operating cost’ (BPOC) 
(Liu and Hipel, 2012, Lo and Power, 2010, Lamothe 
et al., 2006). The supply chain design must anticipate 
‘design for environment’, and ‘design for disassem-
bly’ (DE-DD) (Clendenin, 1997). Supply chain strat-
egy architecture should be focused on: (1) optimising 
the company strategy and service elements through 
‘postponement strategy and market demand’ (PS-
MD) (Korpela et al., 2001b); (2) the relationship be-
tween buyer and supplier in the ‘strategy dimen-
sions’ (StD) (Van der Vaart and van Donk, 2008, Closs 
and Mollenkopf, 2004); (3) the supply chain functions 
must be based on the ‘business environment’ (BE); (5) 
the supply chain integration strategy must be based 
on the ‘market and distribution planning’ (MDP) 
strategies (Narasimhan and Kim, 2002).

5. FORMULATING THE METHODOLOGY  

The taxonomic scheme applied, is aimed at address-
ing various problems emerging in formulating a 

green-field supply chain strategy. These are critically 
appraised above, with specific observations against 
each approach, to identify limitations and areas ap-
plicable to designing a methodology for green-field 
supply chain strategy engineering. The taxonomy of 
literature resulted in identifying, categorising and 
cataloguing the main themes (Table 1) necessary for 
generating a new methodology. 

The methodology is transcribed into a concept dia-
gram (Figure 1), before the findings from the tax-
onomy of literature are summarised into building 
blocks, and drawn into diagram of problems relat-
ed to practical aspects of supply chain engineering 
(Figure 2). The concept diagram and the building 
blocks are related to the identified gaps in existing 
literature.  

The process of categorising, cataloguing and relat-
ing the key tenets from existing literature enabled 
the development of a new methodology (Figure 
2 and Figure 3). The approach is compliant with 
Eisenhardt (1989), Glaser and Strauss (1967) and Yin 
(2009) guidance on theory building.  The method-
ology contains different aspects, which interrelate 
to define and interpret the process of engineering a 
green-field supply chain integration strategy. Differ-
ent aspects of the taxonomy are interrelated to de-
fine the methodology. Interrelated aspects are inter-
preted in the following building blocks.   

In the supply chain engineering methodology, the 
architecture of a green-field project integration strat-
egy is interpreted as: articulation of the external 
dimensions, elements, forces and factors out of the 
control of the business and supply chain strategy. 
The critical analysis of the factors and problems de-
rived with emerging categories of external dimen-
sions, elements, forces and factors. 

The methodology interrelates the architecture, 
through evaluating salient dimensions in relation 
to the external elements, forces and factors. In the 
process of interrelating these aspects, different prob-
lems emerge from the salient dimensions in relation 
to the external elements, forces and factors. The tax-
onomy of approaches determined the importance 
of dimensions, elements, forces and factors in rela-
tion to key tenets for green-field strategy integration 
(Table 1). 

The priority of the supply chain engineering meth-
odology is placed on designing a method for system-
atic prioritising of activities towards green-field inte-
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gration areas. The design aspect is defined through 
applying the key tenets (Table 1), to designing hier-
archical concept map (Figure 1), for identifying and 
organising individual operational activities towards 
integrated supply chain strategy engineering. 

The second aspect of the methodology is the design-
ing of evaluation criteria for the integrated supply 
chain strategy. The priority of this aspect of the de-
sign was, to investigate how conflict of interests can 
be identified and eliminated. This was addressed 
though designing a diagram interrelating the con-

cepts that emerged from the taxonomy of approach-
es (Figure 2). The objective of the diagram was to 
enable supply chain participants to visualise indi-
vidual business objectives and gaps in interrelating 
the supply chain strategy. The diagram should be 
interpreted in individual context of the supply chain 
scenario in accordance to the concepts defined in the 
taxonomy (Table 1). The design of conceptual dia-
gram related to the specific supply chain scenarios, 
enables visualising individual activities and gaps in 
integration of supply chain operations, specific to in-
dividual supply chain activities. 

Table 1: Taxonomy of key tenets for engineering a green-field supply chain integration strategy 

Taxonomic Scheme

StD: Strategy Dimensions 
BE: Business environment 
ExD: External dimension
SaD: Salient dimension 
GF: Greenfield supply chain 
Architecture
SA: Strategy absence
CS: Corporate strategy 
SCSA: Supply chain strategy
articulation
PAO: Participants aims and 
objectives

FE: Architecture Elements 
FCr: Architecture criteria
NO: Networked organisation
TC: Trust and commitment 
IOC: Interdependence and 
organisational compatibility
IBC: Identification of best 
candidates 
CSCIOI: Conceptual supply 
chain inter-organisational 
integration

FCo: Architecture Concepts 
CE: Capabilities integration
EE: External element 
EFa: External factor
EFo: External force
UF: Underlying factor
FI: Architecture 
Implementation
AA: Adapting and aligning
OASA: ontological approach for 
semantic alignment 

DSCHT: Decomposing 
supply chain into 
hierarchical three
PR: process of getting 
from the present to the 
required stage
CSSCD: Conceptual 
system for supply chain 
decomposition
CF: Framework approach

PSaD: Preliminary salient 
dimensions 
PF: product and product family
BPOC: best product operating 
cost 
DE-DD: design for environment 
and design for disassembly
PS-MD: postponement strategy 
and market demand 
MDP: market and distribution 
planning 

TLS: Transport and 
logistics strategy 
TLISE: transportation and 
logistics integration strategic 
elements 
SCA: supply chain agility
SCPME: Supply chain 
performance measures and 
integration 
GPM: Greenfield supply 
chain performance measures 

SCI: Supply chain integration 
OTA: Outsourcing through 
abstention
FOI: fit, intensity and integration 
CEFE: Capture the essence 
and forecast the effect of 
supply chain integration and 
performance 
CGSI: Characterise Greenfield 
supply chain supply chain 
strategy and integration

BCAO: Barriers to 
change and approaches to 
overcome
IMSC: integration as a 
method for integrating 
strategic choices
STPC: Separation in 
space, time, parts and 
conditions
PC-VC: Process chain and 
virtual eChain 

Principles emerging from the Taxonomic Scheme 

The process of building methodology (Figure 2) is 
relying on a number of key tenets (Table 1) present-
ed as supply chain engineering principles: 

 » First principle: in supply chain architecture, to under-
stand the companies’ real strategies the architecture 
must be interacting with the design (activities) (Su-
kati et al., 2012, Perez-Franco et al., 2010,  Bozarth et al., 
2009, Cigolini et al., 2004, Porter, 1996, Andrews, 1982).

 » Second principle: to understand how supply 
chains are designed, ‘tacit knowledge’ should be 

considered as instrumental in distinguishing be-
tween the engineering the strategy and the design 
of the activities (Sukati et al., 2012, Perez-Franco 
et al., 2010). 

 » Third principle: supply chain can be engineered 
as a conceptual system, where the architecture is 
based on a conceptual design  (Melnyk et al. 2013, 
Perez-Franco et al., 2010, Bozarth et al., 2009).

 » Fourth principle: the supply chain activities are 
sufficient for conceptualising the architecture, de-
sign and engineering (Melnyk et al. 2013, Perez-
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Franco et al., 2010,  Bozarth et al., 2009, Cigolini 
et al., 2004). 

 » Fifth principle: supply chain engineering contains 
architecture and design, where the engineering is 
the central idea of the external architecture and 
internal design (Perez-Franco et al., 2010), but the 
design is representative of the integrated objec-
tives and the design determines the architecture 
(Melnyk et al. 2013, Narasimhan et al., 2008, Men-
tzer, 2001).  

 » Sixth principle: the supply chain engineering re-
lies on the integrated design and the design is the 
based on the external architecture, but while the 
architecture is influenced, it is not determined by 
the integrated design (Nikulin et al. 2013, Sukati 
et al., 2012, Inkpen and Choudhury, 1995). The 
design represent a set of ideas incorporated in the 
engineering that; supplement, assist and enable 
the architecture (Melnyk et al. 2013, Perez-Franco 
et al., 2010,  Martínez-Olvera, 2008, Schnetzler et 
al., 2007, Martínez-Olvera and Shunk, 2006). 

The next step in interpreting and applying the taxo-
nomic scheme (Table 1), was to design a conceptual 
framework diagram identifying the gaps in litera-
ture on engineering a green-field integration strat-
egy (Figure 1). The conceptual framework 

Defining the conceptual framework diagram 
and the methodology 

The conceptual framework diagram (Figure 1) rep-
resents the supply chain architecture and integra-
tion design, and is based on supply chain activities 
identified in existing literature and presented in a 
taxonomic scheme (Table 1). The architecture and 
design relates the activities to the predetermined 
supply chain integration areas from the taxonomic 
scheme (Table 1). These are evaluated with combin-
ing the evaluation criteria from existing literature 
(Table 1) and interrelated to the conceptual frame-
work (Figure 2). 

Figure 1 represents the architecture and design, and 
the gaps that are identified in literature. Those gaps 
represent problems that could create negative effects 
on green-field supply chain engineering.  Thus, they 
need to be addressed in a systematic process when 
engineering the green-field supply chain strategy. 
Figure 2 represents that systematic process for sup-
ply chain engineering, and should be interpreted as 
the process for interrelating the attitudes, practices 
and patterns present in existing literature. The full 
list of attitudes, patters, and practices is outlined in 
the taxonomic scheme (Table 1).

An important conclusion based on the taxonomic 
scheme (Table 1) is that there is little consensus on 
how to engineer green-field supply chain strategy in-
tegration, or on how to measure the effects of supply 
chain architecture on integration and performance. In 
Figure 1, we take this concern as a starting point to 
create a conceptual framework diagram from existing 
research studies on the topic of supply chain architec-
ture and design. In the Figure 2, the findings derived 
from the taxonomic scheme (Table 1) are applied as a 
discussion focused on the interrelationships between 
the various supply chain strategic factors, on the rela-
tionship between supply chain architecture and de-
sign, and on the attitudes, practices and patterns that 
have an impact on supply chain engineering.

Examining the relationship between supply chain 
architecture and design, without concrete set of eval-
uation criteria of the interrelationships between the 
different supply chain engineering factors, seems in-
conclusive. Given the complex interactions between 
attitudes, patterns and practices, outlined in Table 1, 
it seems necessary to take into account these interac-
tions when investigating the process of engineering 
supply chain architecture and design.

For example, one would anticipate an interaction be-
tween architecture (e.g. external elements, factors and 
forces) and practices (e.g. corporate strategy). Similarly, 
we would expect there to be a relationship between cor-
porate strategy and the integrated business strategy. 
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Figure 1: Conceptual framework for engineering a 
green-field supply chain integration 
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In line with the finding from the taxonomic scheme 
(Table 1), it seems logical, especially from a concep-
tual point of view, to focus on systematically engi-
neering the holistic supply chain, by focusing on the 
interrelationship between supply chain architecture 
and integration design in individual context. Many 
authors instead focus on individual problems in in-
dividual context. It is not sufficient to have a solu-
tion to one problem and to ignore other supply chain 
problems. The objective of methodology (Figure 2) 
is to systematically address multiple problems in the 
same time.

Figure 2: Methodology for engineering a green-
field supply chain integration strategy
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The methodology (Figure 2) measures the interrela-
tionships within a single relationship and then to re-
late the supply chain engineering of the architecture 
and design. The advantage of relating individual in-
terrelationships is that it is relatively easy to acquire 
reliable, evaluation criteria for single interrelation-
ship. By doing that, it becomes clearer about what is 
exactly being engineered (Figure 2) and interrelated 
to the multiple relationships (Table 1). 

To ensure validity of these findings, the methodol-
ogy is field tested with a case study of the Mining 
Industry. Before field testing the methodology, a set 
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of six principles are defined. The set of principles en-
able academics and practitioners to interrelate dif-
ferent aspects of the methodology and to help them 
in interpreting Table 1, Figure 1 and Figure 2.  

Field testing the new methodology with a case 
study 

The case study was performed on the Slate Mining 
Industry in North Wales (Figure 3), to formulate a 
green-field supply chain strategy, integrating the 
complete supply chain. The case study included a 
Slate Mining Quarry, Civil Engineering Compa-
ny, Logistics Company, Rail Terminal Company, 
Wholesalers (Virtual Quarries) and Retailers (Gar-
dening and Building Materials Shops). The final 

result of the engineering is expressed in Figure 3, 
detailing how different aspect are interrelated in 
practice and interpreting the practical contributions 
from the methodology.

The supply chain engineering in the case study was 
performed by applying the methodology and as-
sembling the Pugh controlled convergence (PuCC) 
conceptual design (Pugh, 1990), in combination with 
the mechanisms for capturing, evaluating and refor-
mulating a supply chain strategy (Perez-Franco et 
al. 2010). These methods are applied in combination 
with: the supply chain design decomposition pyra-
midal arrangements (Schnetzler et al., 2007) and the 
engineering system dynamics for supply chain de-
sign (Hafeez et al., 1996). 

Figure 3: Application of the methodology on the Slate Mining Industry in North Wales.
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(Schnetzler et al., 2007) and the engineering system 
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6 DISCUSSION AND IMPLICATIONS  

The attention of many researchers outlined in this 
paper, has often focused on a single area of supply 
chain strategy. They have generally neglected 
research on the whole performance of the supply 
chain strategy engineering, which includes the 
architecture and design aspects. Considering these 
gaps, this paper established a methodology, which 
used the concept of strategic decision making levels 
and supply chain integration processes, as the 
approach to the study of the holistic supply chain 
strategy engineering. In the theory generation 
stages, the methodology was designed towards 
green-field strategy engineering for integrating 
multiple participants. The concept of green-field 
integration sets this apart from existing methods, 
which are designed to re-formulate existing 
strategies of individual companies.  

The implications of this study are focused on the 
strategic operational activities, and on avoiding 
prescriptive and descriptive approaches, and 
addressed the operationalisation aspects of supply 
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6. DISCUSSION AND IMPLICATIONS 

The attention of many researchers outlined in this pa-
per, has often focused on a single area of supply chain 
strategy. They have generally neglected research on 
the whole performance of the supply chain strategy 
engineering, which includes the architecture and 
design aspects. Considering these gaps, this paper 
established a methodology, which used the concept 
of strategic decision making levels and supply chain 
integration processes, as the approach to the study 
of the holistic supply chain strategy engineering. In 
the theory generation stages, the methodology was 
designed towards green-field strategy engineering 
for integrating multiple participants. The concept of 
green-field integration sets this apart from existing 
methods, which are designed to re-formulate existing 
strategies of individual companies. 

The implications of this study are focused on the 
strategic operational activities, and on avoiding pre-
scriptive and descriptive approaches, and addressed 
the operationalisation aspects of supply chain engi-
neering. While validating the methodology with a 
case study, the methodology guided the develop-
ment of integrated strategy, and addressed multiple 
supply chain complexities, which represented test-
ing the theory in a real life phenomenon with mul-
tiple variables. 

7. CONCLUSION 

The paper revealed a new methodology for en-
gineering, architecting, and designing integrated 
green-field supply chain. The methodology derived 
with the conclusion that green-field supply chain 
architecture, design and engineering represents a 
dynamic process, and should be analysed in indi-
vidual contexts. The critical summary of literature 
reviewed resulted in identifying the main themes in 
a summary map (Table 1), necessary for generating 
a new methodology (Figure 1). The main themes are 
categorised in key tenants (Table 1). The key ten-
ants are catalogued for addressing several problems 
present in engineering the architecture and design 
of green-field supply chains. These are critically ap-
praised, with specific observations, to identify and 
catalogue the key tenants that function as principles 
for building the methodology.  

The hierarchical method for network design was ap-
plied for building and combining the architecture, de-
sign and engineering criteria. This approach was sup-
ported with principles from DSCHT, and combined 

with the techniques from ATC. The new principles 
contribute to knowledge with: (1) architecting the 
supply chain elements from multiple supply chain 
participants; (2) designing the participants’ main 
aims and objectives, and (3) engineering the process 
of getting from the present to the required stage. The 
supply chain principles are also aimed at anticipating 
operational capabilities through internal competen-
cies and by considering inter-organisational integra-
tion in combination with operations re-engineering. 

The concept verification applied architecture and in-
tegration criteria as a method for strategy engineer-
ing. The new methodology enables building upon 
the supply chain engineering criteria that until pres-
ent, has not been built upon and combined with the 
process engineering design criteria: visibility, accep-
tance, participation, communication, adaptability, 
integration, effectiveness, flexibility, and respon-
siveness. Combining the criteria represents a holis-
tic approach for supply chain architecture and result 
in deriving new understandings of green-field sup-
ply chain engineering that can be applied by supply 
chain practitioners. 

7.1 Limitations and future research 

The methodology contributes to and enriches the 
existing literature and provides background for fur-
ther academic research in this subject. However, this 
methodology was verified with a single case study 
on the mining industry, and while it is anticipated 
that the proposed methodology is suitable for oth-
er sectors, the findings would need to be delimited 
through further testing and research. 

Further research is required into the topic of address-
ing strategy absence. In scenarios of high strategy ab-
sence the engineering and evaluation criteria of this 
methodology would be difficult to implement.  In 
that respect, the main challenge for future research is 
in extracting supply chain strategy tacit knowledge 
and converting it into explicit. There is a strong pref-
erence in practice towards desired over feasible ob-
jectives. This issue becomes one of a degree in an in-
tegration, because of avoidance of criticism, conflict, 
disagreement, and controversy. Future research stud-
ies should be aware that these challenges. 
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