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ABSTRACT

This paper developed a new theory for supply chain archi-
tecture, and engineering design that enables integration of the
business and supply chain strategies. The architecture starts
with individual supply chain participants and derives insights
into the complex and abstract concept of green-field integration
design. The paper presented a conceptual system for depicting
the interactions between business and supply chain strategy
engineering. The system examines the decisions made when
engineering the business strategy, with regards to the supply
chain design. The system derived with a new understanding of
how strategies are integrated, and what are the implications for
engineering successful strategies. The study revealed that sup-
ply chain design is not considered in great detail before archi-
tecting the business strategies. Thus, companies consequentially
experience supply chain problems that are likely to be detri-
mental to the growth potentials. The paper also derived with
the findings that proactive and pre-emptive involvement of
supply chain participants in the strategy engineering process,
would lead to a more robust strategic design.

Keywords: Green-field Strategic Engineering, Supply Chain Ar-
chitecture

1. INTRODUCTION

Strategic engineering requires accepting the world and
acting upon that world, followed by configuring architec-
tures from evaluating the outcomes of success or failure
(Pettigrew 1977, Melnyk et al., 2013). Strategic engineering
also requires a consensus on objectives (Qu et al. 2010, Sak-
ka et al., 2011, Leng and Chen, 2012), and in relation to or-
ganisational performance, it must be focused on addressing
the operational aspect of strategy design (Perez-Franco et al.,
2010, Cérdova et al., 2012). These complexities and uncer-
tainties create the demand for further investigation of the
relationship between business and supply chain strategy ar-
chitecture.

This study examines what decisions are made for accept-
ing the realities in a given business environment when archi-
tecting the business strategy, with regards to the supply
chain design. The research aim, is to develop new theory for
architecting the individual company’s business strategy in a
manner that can be integrated in in a green-field supply
chain design. The objective is to derive with a new under-
standing of how the strategies are integrated and implement-
ed, and what are the implications for designing successful
green-field strategies. The research differentiates from liter-
ature on redesigning existing strategies and is focused on

designing new, green-field (non-existent until formulated)
strategies.

Consequently, the research is focused on conceptual ar-
chitectures for formulating a system for relating individual
strategic engineering to integrated strategic design. The con-
ceptual design applies business architectures to integrate
individual, into collaborative business engineering. The aim
of this paper is to systematically analyse strategy abstention
and absence of operational capabilities, to determine the
right level of integration. The integration design required a
synchronised investigation and analysis of how several oper-
ational strategies can be performed simultaneously.

The alternative is to relate individual functional strategies
without extracting specific designs related to the supply
chain collaborated performance. This would hardly lead to
improved performance, because even within one company,
there are a number of operational designs, requiring different
operational strategies, which are not isolated entities (Kaplan
and Norton 1996, Frohlich and Westbrook 2001, Jayaram
and Tan 2010, Bryceson and Slaughter 2010, Prajogo and
Olhager 2012, Sukati et al. 2012).

2. LITERATURE REVIEW

Existing literature on supply chain strategy architecture
leads towards: (1) demand for a product and product life
cycle (Fisher, 1997); (2) internal and external factors (Nara-
simhan et al., 2008); (3) level of integration (Frohlich and
Westbrook, 2001); and (4) interdependence and organisa-
tional compatibility (Mentzer et al., 2001). This literature
outlines the supply chain engineering criteria that has not
been combined and applied to build an architecture for sup-
ply chain design.

Furthermore, supply chain design represents a section of
the hierarchical chain of corporate, business and functional
level strategies (Narasimhan et al., 2008). The supply chain
design is a dynamic concept (Melnyk et al., 2013), and
should be analysed in an individual context (Dubois et al.,
2004) with a hierarchical method for network design (Dotoli
et al.,, 2005) and Analytical Target Cascading for decon-
structing a supply chain into a hierarchical tree (Qu et al.,
2010). Similarly to the supply chain design decomposition
method (Schnetzler et al., 2007).

This approach can be combined with case study for veri-
fying and testing the results (Dotoli et al., 2005, Qu et al.,
2010). Activities can be investigated to determine the actual
instead of the intended outcomes (Cigolini et al., 2004) and
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the structural elements should be based on the business
models (Martinez-Olvera and Shunk, 2006), while the archi-
tecture should be grounded on present strategies (Perez-
Franco et al., 2010). This creates a gap in literature that has
not been addressed until present.

Some studies attempts to address this gap and supply
chain strategy, design, tactic and operations have been
placed in a conceptual system supported by a mathematical
model (lvanov, 2009). Systems engineering simulations have
also been applied to gain the optimum values and corre-
sponding parameters of a conceptual supply chain system
(Hafeez et al., 1996). However, these methods lack the nec-
essary details regarding how the method can be applied in
additional real world scenarios.

The literature reviewed reveals the existing tools and
mechanism which can enable the process of architecting the
design for a new conceptual framework for engineering the
green-field supply chain integration. From those tools, the
hierarchical method for network design was identified as
most suitable for integration design, and the case study ap-
proach for verifying the result. This approach can be
strengthened by building upon the principles from the 'Sup-
ply Chain Design Decomposition' (Schnetzler et al. 2007)
for hierarchical decomposing of a complete supply chain,
combined with the techniques from customer—product—
process—resource (CPPR) (Martinez-Olvera and Shunk,
2006) and Analytical Target Cascading (ATC).

The proposed formulation method would enable (1) an-
ticipating the supply chain elements that arise from multiple
supply chain participants; (2) include the participants’ main
aims and objectives, and (3) demystify the process of getting
from the present to the required stage. Such supply chain
engineering method would enable anticipating operational
capabilities through internal competencies and by consider-
ing inter-organisational integration in combination with in-
ternal operations reformulation.

3. RESEARCH METHODOLOGY

The research methods applied in the study include case
study, action research and field-tests. This study was per-
formed on the mining industry in North Wales and the par-
ticipants were selected through convenience sampling. To
formulate a green-field supply chain, the mining industry
(coded as C1) was required to integrate with companies from
four related industries. The mining industry needed a retailer
for virtual quarries (coded as C2), civil engineering company
(coded as C3), logistic company (coded as C4), and a distri-
bution centre (coded as C5).

The diversity of the population, represented in the supply
chain participants, is analysed with reference to the ‘Industry
Classification Benchmark’ to determine the industry repre-
sentativeness. If the diversity displayed in the sample data
findings was established as segmented into company or in-
dustry boundaries, the sample data could have been consid-
ered as being heavily influenced. In that case, further sam-
pling could have been required to further develop the strate-
gy formulation method. However, the industry diversity dis-
played in the ‘Industry Classification Benchmark’ confirmed
that the aggregated sample data does not belong to a compa-
ny or industry. This eliminated the industry dominating fac-
tor of company biasing from the formulation methods.

The pool of people interviewed were proportionally rep-
resentative of the directorial level, managing level, and the
operational level supervisors of the supply chain consortium.
Only part of the interviews were predetermined in the initial
selection and the rest were chosen based on the development
of the case study research, this process corresponds with
existing literature (Patton, 2002).

The method selection are aimed at eliminating the obsta-
cles in extracting tacit strategic interests and are focused at
enabling the process of critical analysis. The critical analysis
is based on evidence extracted through verbalism, or re-
worded and distilled through content and discourse analysis.
The emerging desigh was presented in a concept summary
map, outlined in an explicit form and evaluated with the
study participants to obtain respondents validations.

The critical analysis engages a range of sources to vali-
date the theory and starts with defining the strategy architec-
tures of individual supply chain participants from implicit
into an explicit form. The second step develops the idea, to
derive insights into the complex and abstract concept of
business and supply chain integration. The case study ap-
proach serves as tools for extracting and relating individual
strategic architectures to integrated strategic design. The
process results with a conceptual system, validated through
action research and field-tested to eliminate obstacles pre-
sented in extracting tacit strategic interests.

The process of ensuring validity of the conceptual system
applied qualitative research techniques as recommended in
existing literature (Easterby-Smith et al., 2002, Gummesson,
2000, Eriksson et al, 2008, Perez-Franco et al., 2010). Con-
ceptual validity is further confirmed through open and cate-
gorical coding to analyse the qualitative data. This represents
a time-tested complimenting method for grounded theory
(Charmaz, 2006). Open coding provides a reliable represen-
tation of the data collected, while categorical coding subse-
quently recognises the profounder concepts in the data
(Goulding, 2002). In this process, discourse analysis is ap-
plied to evaluate and interpret the connotation behind the
explicitly stated strategy (Eriksson et al 2008), along with
tables of evidence (Eisenhardt, 1989) and conceptual maps
(Miles and Huberman, 1984) to present graphical analysis.
The research study involved secondary data review and se-
ries of 20 qualitative interviews, followed by 2 group discus-
sions, one with experts external to the supply chain and one
group discussion with supply chain internal experts.

4. BUSINESS AND SUPPLY CHAIN
STRATEGY INTEGRATION

4.1 Formulate the Individual Strategic Architec-

tures in an Explicit Form

The emerging conceptual design initiates by identifying
individual supply chain participants’ principles in the form
of sentences that represent the interest of all the participants
in the formulation. These statements were used to extract the
principles and a new strategic architecture representative of
all the companies (coded as CN).

This enables investigating the interests of individual
participants, to aggregate a set of principles (coded as PN)
from the sum of companies (CN), enabling individual areas
of integration to be identified. This presents the first tenet: in
integrated green-field design, the architecture must represent
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the integrated principles of the supply chain group (coded as
IPN) instead of being representative of the individual interest
of the lead company (coded as C1). The emerging design
process advocates that the principles are representative of the
sum of companies (CN). To achieve this, firstly the sum of
strategic principles (PN) of each individual company must
be identified (C) and grouped together (coded into CN.PN)
to ensure coverage of strategic principles (Figure 1).

CiPn ‘ C2PN

Cn.PN

C3Pn

Figure 1 Formulation Method for Integrating Individual Principles
into Green-field Business Strategy

To identify individual strategic principles a number of
data collection methods have been applied. The first source
for collecting data related to individual strategies and strate-
gic principles was internal and external documents.

4.2 System Evaluation through Case Study with

the Second Supply Chain Participant

The recommended process involves critically analysing
the strategies of individual companies and progressively
identifying and building their strategic principles. The pro-
cess continued with the second company (coded as C2) ana-
lysed and their business strategy (coded as S). The analysis
of the second company strategy (coded as C2S) presented a
very straight forward statement, which presents the tempta-
tion to disregard the potential in terms of sufficiency for
formulating strategy. It must be emphasised that it is not the
words that are being analysed but the idea behind the quoted
statement. The fact that the statement was quoted in the di-
rect format, as derived during the data collection, eliminates
the perception that the statement represents oversimplifica-
tion of their business strategy. The idea behind the simple
statement in fact represents multiple ideas. The analysis of
secondary data from internal documents continued until the
principles related to the green-field architecture were identi-
fied. The extracted sentences are narrowed to the required
context.

The process applied open and categorical coding, to in-
ternal documents to investigate the relationship between the
individual strategic principles and the integrated business
strategy. The objective of the exercise was to narrow the
idea behind the sentences to relate to integration. The case
study resulted with a set of statements that represented the
individual strategic principles of the integrated business
strategy, as outlined below.
= (C2P1) Secure position in the key markets.
= (C2P2) Keep a close relationship.
= (C2P3) Invest in engineering technology.
= (C2P4) Provide civil engineering expertise.

= (C2P5) Provide waste management expertise.
= (C2P6) Develop models for land remediation.
= (C2P7) Capture substantial aftermarket service.

The set of principles identified are first validated during the
interviews with (C2). Secondly the relevance of the identi-
fied pillars to the green-field formulation was validated
through group discussion with executive level participants
(group A) from the supply chain consortium (CN). The new
process is designed specifically in the context of this study
for extraction, analysis, coding and categorising the process.

4.3 System Evaluation through Case Study with

the Third Supply Chain Participant

The analysis of the terminal and logistics providing
company (C3) presented a different example. It must be rec-
ognised that not all companies have defined their business
strategies in equally straight forward identifiable statements.
To generalise and further confirm the validity of the data
collection a different approach was applied. The business
strategy is recorded as initial introductory statement, fol-
lowed by description of multiple strategies. The description
presented multiple strategic ideas that are quoted in direct
format.

Having identified the (C3S), content and discourse
analysis was also applied to the passages, combined with
open and categorical coding. The set of pillars were validat-
ed; firstly through group discussion with (C3); secondly,
through group discussions with (CN). The process is out-
lined in Figure 2. Resulting with specific principles related
to the green-field formulation.
= (C3P1) Provide network of terminals.
= (C3P2) Invest in rail terminal technology.
= (C3P3) Increase freight flow.
= (C3P4) Open virtual quarries.
= (C3P5) Provide fully integrated service.
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Figure 2: Extracting and Relating Individual Principles to Integrat-
ed Business Principles

4.4 System Evaluation through Case Study with

the Fourth Supply Chain Participant

The method for extracting the strategic pillars from the
fourth company (coded as C4) was completely different
from the previous methods. The method applied involved
extracting reference principles from external documents and
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validating the principles with the management team of (C4).
Further validation of the passages was performed with inter-
viewing all operational level managers, to confirm that (C4)
operations are compatible with the identified principles.

The passages that described the strategy were collected
through external sources and analysed in exact wording. The
passages were presented to the operational managers to iden-
tify the strategic principles relevant to (C4). The discussions
resulted with a set number of principles. Before taking the
extracted principles as actual representation of the (C4)
strategy, the principles were presented and validated with the
management team. The extraction is representative of the
earlier process outlined in Figure 2 and strengthens the va-
lidity of the emerging method. The process resulted with 7
principles related to supply chain integration.

e (C4P1) Invest in rail technology.

o (C4P2) Provide rail freight logistics.

o (C4P3) Carry a wide variety of slate by-product.

o (C4P4) Offer high value rail transport.

o (C4P5) Develop responsive and effective transport.
o (C4P6) Provide track maintenance.

o (C4P7) Provide effective rail transloading.

4.5 System Evaluation through Case Study with

the Fifth Supply Chain Participant

The method for identifying and extracting the strategic
principles from the fifth company involved a series of inter-
views and group discussions. The managers of (C5) pre-
ferred to keep their strategy implicit and preferred not re-
vealed it because it could leave them open to competitors.
The example from (C5) represents the most straight forward
process for extracting the strategic principles, because the
principles are given. The process is outlined in Figure 3.
Their strategic principles were generalised by the executive
director and given as:
(C5P1) Increase productivity and profits.
(C5P2) Maximise the value of by-product sales.
(C5P3) Provide site for building infrastructure.
(C5P4) Develop a distinct brand identity.
(C5P5) Optimise the supply chain distribution.

P validate the CsPy
Interview the /' L with Cs
executive team to < P> CsIPw..
obtain CsPn )
CsPn validate the CsPn
— with Cn

Figure 3 Extracting and Relating Individual Principles to Integrat-
ed Business Principles — Applied to (C5)

4.6 Analysis and Evaluation of the System

The system for extracting strategic principles specific
to the supply chain strategy outlined 5 different methods for
identifying and extracting tacit strategic principles from in-
dividual companies that need to be integrated into a formula-
tion. This study does not claim that the system is all inclu-
sive, and the requirement to apply different approaches to
different case studies confirms that all inclusive systems are

not likely to produce the desired results. The resulting con-
clusion from applying the extraction process to five case
studies is that the principles from (CNS) can be extracted
with multiple methods. The focus should be placed on de-
termining and validating the (CNPN) and narrow the princi-
ples to integration by validating the principles individually
before validating the principles with the group of (CN) to
determine the integrated (CNIPN).

4.7 Conversion from Tacit to Explicit Strategy

The process of converting tacit into an explicit strategy
presents a dilemma. The dilemma emerges because without
visualising the explicit and implicit aspects of individual
strategies, it is impossible to extract the required strategic
elements and concepts. On the other hand, the process of
making strategy explicit leaves the strategy open for criti-
cisms and attack from competitors (Quinn, 1977) and pro-
motes ‘rigidity and inertia’ (Mintzberg, 1990). This mind-set
was identified in (C5). However, other literature supports the
process of making strategy explicit stating that articulating
strategy is essential to simplify and integrate the strategy
(Love et al., 2002). This approach was accepted by
(C1,2,3,4).

Therefore, explicit strategy approach was accepted, be-
cause tacit strategic interests are required in an explicit form
for the supply chain integration. This enabled the conceptual
design to leap from the visible into the invisible aspects of
the integration and formulation question. This process starts
from evaluating single quotes and leads to the essential elab-
oration of the phenomenon investigated, resulting with a
conceptual system (Figure 4) for integrating individual prin-
ciples into integrated architecture.

A
Integrated
Strategic
vision ISV
—
A Y
IPn.
- -
A
CiPN CoPn C3PN Cn.P
q 4 h ¥
(cCPn) | | (sccoPn) fsccpn) | | (sccvpn)
' i [ [}
as 5 5 (e
| B -

Figure 4 Conceptual System for Supply Chain Strategy Engineer-
ing of Individual Principles into a Green-field Business Architec-
ture and Integration Design

5. FORMULATE THE INTEGRATION
PRINCIPLES

The aggregate sample principles collected (CN.PN) re-
sulted with many of the principles being similar in context.
For example:

(C1P4) Develop technology and infrastructure.
(C2P3) Invest in technology and infrastructure.
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(C3P2) Invest in rail terminal technology.
(C4P1) Invest in rail technology and infrastructure.
(C5P3) Provide site for building.

The process of extracting individual principles resulted
in more than a manageable number required to formulate the
green-field strategy. Merging of superior principles enables
eliminating and reducing duplicating ideas into a managea-
ble number. The controlled convergence (Pugh, 1990) can be
applied in reducing the number and to design a superior
principles. However, the traditional controlled convergence
method (Pugh, 1990) is slow and time demanding. An alter-
native faster approach based on recent literature recommen-
dations (Perez-Franco et al., 2010) was developed for the
formulation of a green-field strategy. The process is illus-
trated in Figure 5 and can be summarised as:

e Characterise green-field integration through integration
principles.

o Determine the fit and intensity to eliminate conflicting
individual principles.

o Determine the impact integrating choices through
merging principles.

o Determine validity of underlying factors as guiding
force.

¢ Investigating the relationships in inter-organisational
integration.

By applying the process through 3 rounds, the probabil-
ity of specific groups establishing preferred principles ac-
cording to their industry interests was eliminated. The
changes in the approach are made to avoid the element of
individual preference that could have created a conflict of
interest in the segmentation process.

a) First segmentation: (1) individual validation of the
green-field principles, (2) executives identify preferred
principles, (3) validation of the relationship, (4) validat-
ing the integration elements.

b) Second segmentation: sub-groups identify the most rel-
evant principles to attaining superior principles, and to
detect duplicated concepts in the principles.

c) Third segmentation: group discussion with the supply
chain participants on the superior principles.

The process starts with the sample set of goals related to individual company (Cn.Pn)—a

The number of goals is reduced by allowing individual Executive Directors and one Vice
President to evaluate the strategic goals and design reference sets of superior candidate
goals

articipants goals are reduced in number for Greenfield formulation|
The Greenfield goals are presented to sub -groups of
executives and experts to identify preferred sam ple sets of
goals

he process repeated by sub-groups of executives and experts reduces the]
Greenfield goals further and ensures validity of the remaining goals

(U uy) s[80F Jo uouBpIE A.

The sample sets of goals verified by selected sub -groups is presented to the
industry participants on group discussions to create the superior candidate
formulation

kFc\\ er goals remain that formulate the IPn .. From Cn

Number of goals reduced to formulate the [Pn—————m

Figure 5 Formulating Integration Principles from the Individual
Principles

The method in Figure 5 is designed and applied to: a)
validate the individual principles, b) obtain additional prin-
ciples, c) reduce the list and hierarchically classify the prin-
ciples. In the process the following criteria is considered:

e |t was agreed with the participants that the superior
sample set of principles (IPN) should preserve the rela-
tionship with integration of the principles from
(CN.PN) to define integrated principles (IPN) architec-
ture (ISV) for the supply chain strategy.

e |t was agreed with the group A and B participants that
it was necessary for the (ISV) to representative of the
interests of all companies expressed in the (SCCN.PN)
in the consortium and for the individual principles
(CN.PN) to be integrated in the context of the green-
field formulation principles (IPN).

e  Through group discussions with individual companies,
it was confirmed that the (ISV) should evolve to be rep-
resentative of the individual and green-field strategic
principles (IPN).

e The process resulted with superior principles (IPN)
through merging the existing principles (CN.PN) to
update the list, in the process the pre-established refer-
ence principles served as sample guidance for investi-
gating the relationship between the (CN.PN) and (SD)
resulting with the (IPN).

e  Several repetitions were performed, including one repe-
tition with each participant (CN.PN) to identify the best
possible (IPN) principles where integration is consid-
ered to identify alternatives to the references.

5.1 Conversion of Tacit into Explicit Green-field

Architecture

The degree of complexity confirms that if strategy is
left tacit, there is a possibility of conflicting interests to
emerge. For example, while the executive director of (C1)
wanted the green-field strategy to cover ‘worid-wide mar-
kets’, the executive director of (C3) wanted the green-field
strategy to cover only the surrounding areas where the com-
pany terminals were based. Such conflicting areas could lead
the formulation away from integration. Also, in certain cases
it was discovered that the companies were not aware them-
selves of the contribution of how useful their specific
knowledge to the formulated strategy could be. This was
caused mainly because their expertise is a tacit knowledge
and as such is not easy to record and share.

5.2 Relationship between Green-field Architec-

ture and Principles

The method applied served as a narrowing enquiry to
merge similar principles aimed at keeping the ideas not the
wording. The method confirmed that the strategic architec-
ture must represent the interests of all the participant indus-
tries and the principles must be focused on achieving the
architecture. The process is aimed at visualising the problem,
avoiding confusion and bringing the focus on the common
principles.

The process of formulating the new set of principles in-
cluded: 1. designing a sample set of individual principles
(CN.PN), 2. Creating a smaller sample set of green-field
reference principles and relating them to the (SD), 3. Vali-
date the (IPN) principles and ensure coverage through group
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discussion. This resulted in the strategic principles broadly
defined by the group in a few sentences as:

1. 'Supply enough by-product to match the current demand
and fulfil the demand of potential new markets for recy-
cled secondary aggregate' (Market demand dimension).

2. 'Make the best use of engineering and technology for
transporting slate aggregate to markets by rail and sea'
(Technology dimension).

3. 'Achieve economic and environmental sustainability for
the aggregate supply chain' (Environmental dimension).

4. 'Have a cost-effective transportation system to move the
aggregate from the quarry to the point of sale' (Transpor-
tation dimension).

5. 'Maximise the volume of our sales of slate aggregate to
the market' (Resource dimension).

Through group discussions among the executives and
managers of the consortium companies participating in the
formulation, the managers reached the conclusion that what
unites their companies is their mutual desire for the ‘in-
creased sales of secondary aggregate’. The (IPN) sample set
of principles is summarised into a new architecture (ISV):
"Commercialise the secondary aggregate...'. This sentence
represented the strategy core in the form of a jointly defined
strategic architecture. The validated architecture and pillars
were built into a conceptual diagram (Figure 6) representing
the green-field business strategy.

‘Commercialise the secondary aggregate by successfuily
competing in the existing market for aggregate materials and
fn’ promoting secondary slate aggregate as a suitable product in "\\

/ new markets worldwide \

/ = \

f 7 \

[* —Strategic Vision »
|

8o, %, l
&% Ty
Yo G O
FG,} 0,;;. {00
& e e, Ve
§ S 4
’r)\(7 G”B 0;,.09‘?
LR T, B e
[ Yoo
e F b
# & g
& g\o
A
& g
R
& |

‘Achieve economic and environmemntal sustainability for

the aggregate supply chain’
'‘Maximise the volume of our sales of slate aggregate to

‘Make the best use of engineering and technology for
transporting slate aggregate to markets by rajl and sea’ ™.
the slate aggregate from the gquariv to the point of sale’
the market’

current demand and fulfilt the demand of potential new
‘Have a cost-effective transportation system to move

‘Supply enough guarried by-product to match the
markets for recycled secondary dggregate’

{

/
| {
{

e Simategic Got '

Figure 6 Greenfield Business Architecture Formulated in the Case
Study

5.3 Critical Analysis of the Conceptual System

The pursuit for validity of the conceptual system ap-
plied the qualitative research techniques recommended in
Perez-Franco et al., (2010) for open and categorical coding
analysis of qualitative data. This resulted with a formulation
of a green-field business strategy that ensured integration on
two levels:

1. Integration and anticipation of complexities when mul-
tiple industries are involved.

2. Ensures that the green-field principles support, compli-
ment and enable the integrated architecture.

These steps represent the starting point of the integration
design, where the formulation criteria are determined by
identifying areas of the business strategy that provide in-
sights for the supply chain strategy formulation. The second
step is hierarchically linking the formulation criteria by re-
ferring to the evaluation criteria to formulate the supply
chain strategy. The following evaluation criteria emerged
from the formulation:

1. Feasibility, the formulation must ensure that every con-
cept is feasible (Andrews et al., 2009, Inkpen and
Choudhury, 1995), and must be focused on ‘accepting’
and ‘acting’ upon reality (Pettigrew, 1977).

2. Sufficiency, the formulation needs to consider concepts
as objectives to be satisfied by the support received.
Without sufficient coverage the supply chain strategy
cannot be executed effectively in sustaining the ‘goals’
of the integrated companies. The evaluation criterion is
based on visibility (Inkpen and Choudhury, 1995, Fisher,
1997).

3. Support, individual formulation criteria must be targeted
at providing support to at least one of the concepts with
higher ranking in the conceptual framework. The evalua-
tion criterion is based on participation (Menda and Dilts,
1997, Karl-Erik, 2001, Zhou and Chen, 2001, Qureshi et
al., 2009), communication (Tracey et al., 1999), and
formality (Andrews et al., 2009). This criterion is rein-
forced with the clarification criterion ‘adapting and
alignment’ and is based on: acceptance (Saad et al.,
2002), adaptability (Sakka et al., 2011, Saad et al.,
2002).

4. Compatibility the formulation must harmoniously coex-
ist with all other concepts. The criterion is focused on
“flexibility’ (Narasimhan and Das, 1999, Beamon, 1999,
Kim, 2006). Compatibility can be contextualised in the
form of synergies in the context of integration (Bozarth
et al., 2009).

The evaluation and clarification criteria are designed to
address the main weaknesses identified in existing literature
in the context of supply chain strategy formulation. The cri-
teria also represent elements that are valuable in turning the
focus towards operationalization. This process simplified the
idea behind the architecture and the principles that formulat-
ed the integrated business strategy. Open coding provided a
reliable representation of the data collected, while categori-
cal coding subsequently recognised the insights from the
data and the 'profounder concepts' (Goulding 2002). Consid-
ering that the strategic architecture is the fundamental aspect
of the green-field formulation and the strategic principles
assist and enable the strategic architecture in integrating the
principles behind the architecture, the ‘profounder concepts'
of the conceptual system derived with a number of conclu-
sions:

1. Validating the integration between architecture and prin-
ciples in business strategy is instrumental for linking ac-
curately the coverage with the supply chain activities.

2. Strategy validity and coverage of the green-field business
strategy is crucial for accomplishing the strategic princi-
ples of individual participants.
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3. The integration process requires focus on strategic prin-
ciples that are linked to the main activities.

4. Therefore, the strategic architecture depends on the suc-
cess of the strategic principles applied jointly and indi-
vidually.

To visualise the effect of these findings a new concep-
tual diagram is presented (Figure 7). The system is rede-
signed accordingly to ensure validity and visibility. This
enabled presenting interdisciplinary integration concepts in a
diagram involving multiple principles and confirming that
strategic principles influence the strategic architecture.
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Figure 7 Conceptual System for Formulation of Green-field Inte-
gration Business and Supply Chain Strategy

The green-field business architecture as a formulation
concept enabled the research to determine a method that
links the interdisciplinary concept arising from involving
multiple participants. Also this resulted in determining that
the set of integrated strategic principles (IPN) influence the
integrated architecture (ISV). In other words, the multiple
principles determine the architecture, while the architecture
must represent the principles. In other words, the principles
define the architecture and the architecture defines the prin-
ciples and can be seen as a system of tasks.

6. CONCLUSION

This study builds upon existing literature on integrating
business and supply chain strategy (Kaplan and Norton
1996, Frohlich and Westbrook 2001, Jayaram and Tan 2010,
Bryceson and Slaughter 2010, Prajogo and Olhager 2012,
Sukati et al. 2012), to derive with a new conceptual system
architecture for green-field integration, based on earlier liter-
ature on supply chain reformulation (Perez-Franco et al.,
2010, Qu et al. 2010, Sakka et al., 2011, Cérdova et al.,
2012, Leng and Chen, 2012).

The conceptual system for integrating individual prin-
ciples into green-field business strategy formulation (Figure
6), derived with the conclusion that the business objectives
represent an architecture that serves as a central idea that is
best articulated through the integrated operational capabili-
ties and the individual operational strategies (Figure 7).

The novelty of the conceptual system is in the engi-
neering of integrated architecture and design. The conceptual

system analyses and addresses the strategy abstention and
absence of operational capabilities and evaluates the strategy
engineering to determine the right level of integration de-
sign. The new process is based on extracting, evaluating and
relating individual interests into integrated principles.

The study derived conclusions through the case study
and concluded that making strategy explicit is essential in
the strategy integration process. The evidence based case
study confirmed that this approach is accepted by (C1,2,3,4).
While (C5) preferred to keep their strategy implicit and not
to be revealed, because it could leave them open to competi-
tors. To address this obstacle, the articulation approach was
restructured and documented, to serve as a tool for future
research studies that are presented with this obstacle. The
synthesis of the concepts and ideas, of the routine problems
and issues related to architecting integrated green-field strat-
egy, concluded that tacit strategic interests are required in an
explicit form for the integration of the strategic principles to
be considered representative of a supply chain consortium.

The new process can be applied to eliminate the com-
plexities in a situation where absence of complete or con-
sistent data or information is present when formulating a
green-field supply chain. The conceptual system designed a
green-field integration strategy. The process involved cate-
gorising individual supply chain strategic interests and defin-
ing the integration strategy as a system of concepts. This
research contributed to knowledge with advancement of the
design engineering method, which enables visualisation of
the supply chain strategy process. The design is not person-
alised for individual company business strategy or supply
chain strategy formulation. The method was personalised to
evaluate the integration of individual goals, and concepts in
a supply chain strategy formulation.

The novelty that emerged from this research was a con-
ceptual system for green-field project architecture and inte-
gration design.

6.1 Limitations of the Study

The conceptual design is aimed at generalising the idea
behind the green-field project formulation for the mining
supply chain strategy, to other sectors. However, this study
involved a single case study and while it is anticipated that
the proposed conceptual framework is suitable for other sec-
tors, the findings would need to be delimited through further
research.

The research methodology recognises that there is am-
bivalence in generalising the findings based on diversity as
opposed to representativeness. The first challenge is repre-
sented in the relationship between the concepts, (ex. product
family and the supply chain strategy) and is exposed to un-
certainties when taken out of the context of the mining in-
dustry. A second challenge became clearer when attempting
to compare the results between industries. If it is possible to
synthesise data in one industry but not in another, the re-
search will end up describing different industries, but would
not be able to compare them by applying the same formula-
tion parameters. The third challenge can be anticipated in
using qualitative interviews for specific data collection in a
small industry, such as the mining industry in North Wales.
The size of the industry increases the possibility of bias and
distortions in the conclusions, while the sensitive data would
be difficult to collect. The fourth challenge future research
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studies will face in extracting tacit knowledge and convert-
ing it into explicit, is the preference towards desired over
feasible principles. This issue becomes one of a degree in an
integration scenario if a researcher is faced with the re-
sponders’ avoidance of criticism, conflict, disagreement, and
controversy. Future research studies should be aware that
these challenges will occur, regardless of confidentiality
agreements.

6.2 Future Research Avenues

The investigation into the strategic operational activi-
ties in this research is aimed at designing operational green-
field formulation. The new design brings strategy dynamics
through the feedback mechanisms, where strategy absence
effectively disables the feedback mechanisms. Further re-
search is required into the topic of addressing strategy ab-
sence, because in such scenarios, the formulation would be
difficult to implement.
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