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Preface

The Hellenic Operational Research Society (HELORS) was founded in 1963, with
the aim to promote operational research (OR) in Greece and to provide a forum
seeking to support the use of analytical methodologies in the Greek public and
private sector.

One of the main activities of HELORS is the organization of its annual confer-
ence. Since the first national conference in 1977, HELORS has organized
26 National Conferences. Starting from 2012, the annual conference of HELORS
is organized together with an international symposium, which provides a forum for
exchanging ideas about the theory and practice of modern OR, not only among
Greek researchers but also a broader international audience.

The 2015 event (4th International Symposium and 26th National Conference on
Operational Research) was held in Chania, Greece, during June 4—6. The scientific
program included 85 presentations by Greek and foreign researchers. The covered
topics included all recent advances in operational research, including new method-
ological developments as well as applications and case studies in a wide range of
fields, such as energy and the environment, management, logistics and supply
chains, finance, transportation, public services, and health care.

This edited volume was prepared on the occasion of the above event. After a
review process, 14 papers were selected for this book. The papers cover recent
advances on a wide range of areas, adopting an applied perspective that covers the
contributions of OR in the broad field of business and economics. The contents of
the book can be (roughly) grouped into four main thematic areas.

The first group of papers covers topics related to the management of supply
chains, organizational performance, and strategic management. The book starts
with the paper by Panayiotou, Stavrou, and Gayialis who present an application
of a business process modeling approach to design supply chain processes in
the case of a SME manufacturing company. The second paper covers a similar
topic. In particular, Nikolaou and Zervas examine the role of environmental
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information in the decisions of managers/owners to adopt environmental practices
into their supply chain management. In the third paper, Karampatsa, Grigoroudis,
and Matsatsinis provide a literature overview of retail category management,
focusing on methods and approaches for assortment and shelf space planning and
other related topics. The next two papers cover issues related to organizational
performance. First, Kitsios, Champipi, and Grigoroudis present the use of a
multicriteria decision aid approach to develop a model for assessing the likelihood
of success of new services in the cultural and creative industries. In the next paper,
Mitroulis and Kitsios examine how differentiation and competitive innovation
strategy affect organizational performance, both in financial and nonfinancial
terms. The last paper of the first thematic area of the book, by Krasadaki and
Matsatsinis, presents a decision aiding process for strategic management in the
agricultural sector and its pilot implementation in farms operating in the island of
Crete, Greece.

The second thematic area includes two papers about financial decision
making. The first paper, by Nikolaidis, Doumpos, and Zopounidis, examines
the predictive power of analytical models in behavioral credit scoring under
population drift conditions due to a deteriorating macroeconomic environment.
In the next paper, Karakalidis and Sifaleras present the implementation of a
library of portfolio optimization models in the AMPL mathematical programming
modeling language.

The third group consists of three papers that focus on the use of optimization
approaches (metaheuristics and analytical methods) for production systems and
logistics. In the first paper in this group, Boulas, Dounias, and Papadopoulos present
the implementation of a genetic programming approach for analyzing serial pro-
duction lines and extracting useful measurements and line characteristics. The next
paper by Rogdakis, Marinaki, Marinakis, and Migdalas presents a new algorithm
for the vehicle routing problem together with its application to a real case study.
The paper by Baazaoui, Hanafi, and Kamoun deals with a real-world application of
cutting mousse blocks proposed by an industrial company, based on a mixed-
integer linear programming formulation, which is used to derive an upper bound
for this complex optimization problem.

The book closes with three papers about inventory systems and energy systems
planning. First Konstantas, Ioannidis, Grigoroudis, and Kouikoglou develop simple
models for understanding how the dynamics of quality affect customer satisfaction
and profitability in make-to-stock manufacturing systems, focusing on a Markov-
ian, single-stage system facing random demand. In the next paper, Krommyda,
Skouri, Konstantaras, and Ganas formulate optimal replenishment policies for an
inventory model for seasonal products, taking into account the warehouse capacity
and credit period options. The book closes with the paper by Kanellos, Prousalidis,
and Tsekouras, who present a dynamic programming approach for optimal demand
side management and power generation scheduling in all electric ships, subject to
operation, environmental, and travel constraints.
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Closing this short preface, we would like to express our sincere gratitude to all
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The Application of a Business Process
Modeling Architecture in the Supply Chain
of a Manufacturing Company: A Case Study

Nikolaos A. Panayiotou, Vasileios P. Stavrou, and Sotiris P. Gayialis

Abstract Business process modeling is aimed at the design and documentation of
business processes. Business process models are used to analyze processes, to
reduce their complexity, to evaluate their performance and finally to assist business
process improvement. In this light, a number of modeling architectures, methods
and tools have been developed in order to assist scientists and practitioners to model
and manage business processes. In addition, supply chain management importance
is increasingly being recognized as it integrates and synchronizes business pro-
cesses across the extended supply chains.

This paper deals with the application of a specific business process modeling
architecture in order to design supply chain processes in the case of a SME
manufacturing company. The modeling architecture has been developed in the
context of the “Odysseus” research project, which deals with the management of
demand variability in modern supply chains. The architecture covers different
supply chain views such as processes and activities, organization, information
systems, risk management and decision making. These views are covered by the
modeling architecture using nine selected and interconnected ARIS methods. The
architecture is applied in a Greek SME company producing electrical equipment.
The production process of the equipment consists of in-house as well as
sub-contracted phases performed by Greek and European manufacturers. The
coordination of the related supply chain processes is performed by the company
under discussion. Due to the extended degree of collaboration, the need for accurate
planning, coordination and controlling in the supply chain is highly increased,
making business process modeling an ideal enabling approach.

Keywords Business processes modeling ¢ Architecture « ARIS methods ¢ Case
study « Manufacturing company * Subcontractors
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1 Introduction

Business process modeling allows the description of both core and supportive
business processes. Core business processes are considered processes which pro-
vide significant added value to the business operation. Such added value could be
achieved by cost reduction and/or performance enhancement (Jiménez et al. 2009).
Business process modeling is used mostly for business process improvement (BPI)
and business process reengineering (BPR). Business process modeling, information
technologies and operational research are connected in the context of BPR, in order
to achieve operations analysis and improvement (Emiris et al. 2001). In BPI and
BPR projects, a series of methodological steps are followed, which are similar to
those defined by operational research methodologies. Operational research (OR) is
a discipline that deals with the application of advanced analytical methods to help
the stakeholders make better decisions (Lancaster and Management 2013). Main
topics of operational research approaches may include scheduling, production
planning, forecasting, supply chain design, facilities allocation, and so on
(INFORMS.org 2015). Operational research methodological steps can be defined
as follows (Taha 2007):

¢ Recognition of the problem
« Formulation of the problem
* Model construction

* Solution finding

» Process definition

¢ Solution implementation

¢ Repeat and refine

Business process is defined as a specific order of events and activities across time
and place, with a clear beginning, an end, and clearly defined inputs and outputs.
Business processes form the structure through which the organization does what is
necessary in order to produce value for its customers (Capgemini 2004). A process
model is considered a representation of one or more processes and their associations
that an enterprise performs. Process modeling represents a mechanism for describ-
ing the current or future state of a business process (Capgemini 2004). Business
process modeling always has been at the core of both organizational redesign and
informational systems development (Giaglis 2001). Similarly to mathematical
modeling in OR applications, business process models are used as a prerequisite
step for process analysis and problem solving.

The detailed analysis and optimization of these processes is leading to high
levels of competitiveness in relation to other competitive companies. It should be
noticed that the use of individual processes has led to a series of problems,
providing users with only a part of the necessary information. For that reason,
integrated processes with multi views architecture are preferred. Integrated archi-
tectures help enterprises to construct diagrams in a wide range of different views. In
addition, integrated architectures, allows the decomposition of processes into
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different views, in order to reduce complexity (Roser and Bauer 2005). In this
effort, a number of different architectures have been developed, such as ARIS
(Davis 2001, 2008; Scheer 2000) and Zachman Framework (Zachman 1987). These
architectures include integrated methods, offering views from different perspec-
tives in order to reduce complexity, visualizing processes in an optimal way.
Process modeling is also used in order to increase business knowledge (Bandara
et al. 2005; Recker et al. 2009) with the help of graphical integrated tools (Curtis
et al. 1992; Davenport 2005).

Business process modeling can assist the design, analysis and improvement of
contemporary supply chains or other business entities which are characterized by
complexity (Gayialis et al. 2015). Supply chain is the network of organizations
which are involved, through upstream and downstream linkages, in the different
processes that produce value during product production and delivery to the ultimate
consumer (Christopher 1992; Mentzer et al. 2001). Supply chain management is a
topic which has been adequately addressed in the literature (Cooper and Ellram
1993; La Londe and Masters 1994; Lambert et al. 1998). In the last decades, supply
chains have been expanded significantly beyond the boundaries of the enterprise,
involving a broad range of organizations. The importance of documented business
processes, through business processes modeling, rises significantly in order to
achieve interoperability and agility.

The extended supply chain is depicted in Fig. 1. The supply chain is divided in
two main groups of process and partnering members: supply and demand, while the
production is the process that coordinates all other phases.

The most suitable way for visualization of business processes and different
partners of an extended supply chain is through an integrated architecture. In this
paper a modeling architecture is applied in the supply chain processes of a Greek
manufacturing company. A business process modeling architecture is a term
occurred in the literature (Telecken et al. 2004; Morrison et al. 2011; Lampathaki
et al. 2013; Xu et al. 2005). The term business process modeling architecture refers
to the structure of the modeling components (methods and tools) and their corre-
lation. Business process modeling architectures is an integrated enterprise archi-
tecture as it integrates various methods in order to cover different enterprise views.
Especially Panayiotou and Tatsiopoulos (Panayiotou and Tatsiopoulos 2013)

Suppl
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r \ [ \ | \{

Suppliers ‘-,"'.‘ \\ Distr

o \\ Sup \\ Procu Produ \\ .. Custo
e 1] s I med J W N ke )) buos & )} Lo
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Fig. 1 Extended supply chain
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Organizational View

- Organizational Charts

Data View Process/Control View Functional View

- ERMs - Value-added Chain - Function Trees
- Risk Diagrams Diagrams - Application System

- EPC Diagrams Type Diagrams
- FAD Diagrams

- Business Control
Diagrams

- Process Flow (PF)
Charts

Output View (Product/Service)

- Product/Service Tree

Fig. 2 Methods of the integrated architecture within different views of “ARIS House”

describe the construction of an ARIS-based business process modeling architecture,
while Gayalis et al. (2013) refers to business process modeling architecture in order
to construct a reference model and Grundy et al. (1998) make extensive reference
on process modeling architectures for software process modeling. The architecture
which will be used in the paper has been developed in “Odysseus” research project,
in the context of Thales research program. The aim of the project was to develop a
reference model which manages in a holistic way the variability in contemporary
global supply chain networks (Ponis et al. 2015). The developed reference model
was based on a customized modeling architecture which integrates 11 different
ARIS modeling methods (Fig. 2), using ARIS platform toolset.

In this paper, the application of the aforementioned modeling architecture gives
the opportunity to present modeling efforts of supply chain processes in real-life
organizations. The “Odysseus” modeling architecture was validated in the supply
chain processes of an electronic equipment manufacturer (case study) in order to
demonstrate its effectiveness in supply chain design and improvement.
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2 The Adopted Integrated Architecture

As discussed earlier, the adopted architecture was developed in the context of a
research project. The project team specified a series of criteria, in order to define the
architecture requirements and needs. Based on these criteria, ARIS integrated
architecture was selected as the basis for the adaptation of a set of modeling
methods. These methods cover the different views of contemporary demand-driven
supply chains and were used for the construction of a supply chain reference model.
These criteria are summarized as shown in Table 1.

The selection and adaptation of the integrated architecture was based on the
aforementioned set of criteria, intending to assist the design of effective supply
chain processes.

The ability of the architecture for modeling different views of the supply chain
includes:

» Organizational view: depicts the organizational structure and the roles of the
partners of the supply chain.

¢ Information view: represents IT systems or enterprise software applications and
their interfaces.

» Decision view: emphasizes on the decisional activities, their alternatives flows
and the parameters for decision making.

» Risk and control view: depicts the various risks within the supply chain pro-
cesses and the application of controls for risk management.

» Algorithms view: represents the algorithms that can assist decision making in
order to achieve improved business performance (for example in demand
forecasting).

e Process view: models business processes in an integrated way, combining
objects from all the other modeling views.

Table 1 Architecture’s selection criteria and requirements

Criterion Requirements

Representation and integration of selected views Organizational view

Information view

Decision view

Risk and control view

Algorithms view

Process view

Models reusability Ease of use

Software tool support

Coverage of different types of processes Internal processes

External processes

Collaborative processes

Reference models management Process variability management

Abstraction level management

Variants management
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Models reusability was provided by the ease of use criterion and the existence of
a supportive software tool criterion. Coverage of different types of processes
(internal, external and collaboration processes) was also a discrete criterion. The
criteria for reference models management had to do with the management of the
variants of business process models as well as the ability to model different versions
of the processes and the different abstraction of a reference model (generic, general
or particular models).

The above criteria were covered by ARIS architecture. A set of eleven modeling
methods were selected and adapted in order to cover all the different supply chain
views. These methods were included in the different perspectives (views) of the
“ARIS House” (Scheer 2000).

Figure 2 summarizes the methods used in the integrated architecture, being
categorized in five different perspectives of an organization, according to “ARIS
House”. A short presentation of these methods is following.

Organizational View Using an Organizational Chart the hierarchical structure of
business divisions and departments is defined. It can also be used for the identifi-
cation of business partners that cooperate with the company in specific processes.

Process/Control View The Value-added Chain Diagrams (VCDs) defines the core
business processes and their connections in the value chain. These processes are
further analyzed in detail with the use of Event-driven Process Chain Diagrams
(EPCs), describing the steps of every process, including a set of activities, triggers
and events. EPC is the most important method in the architecture as it brings
together the static resources of the company (systems, organization, data, etc.)
and structures them in order to deliver a sequence of tasks or activities, adding
business value. Even more detailed information concerning process activities can
be included in Function Allocation Diagrams (FADs) which define the relation-
ships between an activity and its resources, in addition with the data it transforms. A
FAD also connects an activity with various other modeling objects from different
modeling views (like risks, software applications or documents). Business Control
Diagrams provide controls and solutions in order to reduce and mitigate the risks
which are defined in the Risks Diagrams. In Business Control Diagrams every risk
is related with controls and solutions. Finally, the Program Flow Chart describes
the information flow within any computer program, and the order of the various
steps which are executed, which is useful for the development of business process
automation.

Data View IT applications list and hierarchy are modeled in the Application
System Type Diagrams of the functional view. The most important data used and
exchanged between the IT systems are modeled through the Entity Relationship
Management Diagrams (ERMs). In addition, Risk Diagrams are used in order to
model process risks, including group of risks and risks categories. Risks are defined
for various activities of the business processes, especially for decisional activities.
These risks can be further connected with specific activities in FADs.
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Functional View Business processes are decomposed to sub-processes and activ-
ities. This hierarchical decomposition is presented with the use of Function Trees.
Business processes are also supported by IT applications which are modeled in the
Application System Type Diagrams defining a library of IT systems used by the
company. The IT applications are structured, providing a hierarchical classification.

Output View (Product/Service) Every company produces products or services. A
hierarchy of the products and sub-products and the evolution of the product and
services, from resources (inputs) to outputs along the way, are presented thorough
Product/Service Tree Diagram. Every product or service could also be assigned to
activities through EPCs or FADs.

The aforementioned methods of the modeling architecture are interconnected
each other. For example, through the Value Added Chain Diagram a context
diagram of the business processes and their connection could be modeled. For
every business process an EPC is developed. Next, each activity of EPC (with its
inputs and outputs) is analyzed separately in FAD diagrams. In addition, risks
(which are presented in risk diagram) are also analyzed in FADs, and the way
that the enterprise can deal with them is shown in Business Control Diagrams. The
interoperability between the methods is depicted in Fig. 3.

The detailed recording of integrated processes could also lead to a strategic
alignment of the involved companies supply chain, especially in this case which
consists of many companies (Ciborra 1997). Strategic alignment was originally
defined as concerning the inherently dynamic fit between external and internal
domains, such as the product/market, strategy, administrative structures, business

Risk Diagram
Value-added Chain Diagram Risk
Category
\ \
Process 1 f Process 2 Process 3 X
_ s |
: = ‘ Rskto1 g ‘ RiskNo2 g Risk No'3

Function Allocation Diagram
.
.

EPC

Start Event

Business Controls Diagram

Afl  Test
| getmition

End Event

Fig. 3 Integrated ARIS methods of the architecture
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processes and IT. Through the whole process and information systems the company
can converse with their subcontractors ensuring timely delivery of raw materials,
products etc. Likewise, through strategic alignment the organization’s structure and
its resources can be linked with its strategy and business environment enabling
decision makers to collect meaningful data based on their current processes.

3 Case Study: Application of the Integrated Architecture
in a Manufacturing Company

3.1 Case Study Company Description

In this paper, the previously presented architecture is implemented in a Greek SME
company producing electrical equipment. It is a manufacturing company (which
employs around 40 employees) producing switches, sockets, fans, bells, buttons and
other electrical equipment, having a long presence (about 40 years) in the Greek
market. The company aims to ensure the correct production process of its products
and the continuous improvement in order to meet the increasing needs of its
customers. The case study focuses on the production process of switches and
sockets (which is similar in both cases).

The case study was selected because SMEs exhibit special interest, forming the
backbone of the Greek economy and employing the majority of its employees. This
company is a characteristic case study in order to implement the abovementioned
architecture and its interconnected ARIS methods in a specific company. It is also a
good case in order to investigate the behavior of this integrated modeling architec-
ture in order to design or improve supply chain processes in the case of a SME
production company. The company under discussion is also used as a pilot case in
order to test the architecture’s applicability in real world cases.

3.2 Case Study Research Approach

Following Yin’s case study research methodology (Yin 2003) and according to
similar work in business process modeling and case study research (Panayiotou
et al. 2015), a number of methodological steps were followed in order to test the
applicability of the architecture in the abovementioned SME company and to
answer the question of “how the application of the business process modeling
architecture in the supply chain of a manufacturing company can assist the
improvement of its operation”. These steps (described in detail below) include:

» Collection of case data in a structured way, using multiple sources of evidence
(information concentration),
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» Application of the business process modeling architecture, in the case company
(AS-IS modeling, identification of improvement areas, and prioritization of
improvement initiatives).

« Evaluation of the results (TO-BE modeling).

As a concept, the case study is considered a suitable practice for a different range
of applications. In order to come up with new conclusions regarding the way this
architecture suites in SMEs producing electrical equipment and have inter-
connected supply chain, and highlighting the importance of SMEs in the Greek
market, this case study will be used as a pilot for future case studies, investigating
the way supply chain processes in the manufacturing SMEs look like (the unit of
analysis will be the company). The whole research lasted 2 months in close cooper-
ation with the company by a research team of three people (one researcher,
one senior researcher and one research supervisor).

Four conditions related to design quality according to Yin (2003) are used for the
evaluation of the research presented in this paper. Construct validity is achieved by
ensuring multiple source of evidence and establish a chain of evidence. Internal
validity outlines the quality of the research design by establishing casual relation-
ships between objects (pattern matching, explanation building, logic models etc.).
External validity is achieved by using theory in single case studies and exploring
the way this study’s findings can be generalized to other SMEs of various industries.
Finally, reliability is achieved by building a case study protocol and develop a case
study database (so data collection procedures, business process modeling approach
etc.) can be repeated with similar results.

The construct validity of the case study data was strengthened in several ways.
For example, several people were interviewed. The research team consisted of three
researchers (Two researchers were involved in every interview). The approach for
data collection described increased also the reliability of the case study. The data
collected during interviews were discussed in a daily session, where processes were
clarified. Business models were gradually created and they were reviewed, in order
to formulate the final version. A possible replication of the study was also ensured
by creating a database with notes, documents, and narratives collected during the
research (strengthening the validity of the study). Under these circumstances, the
aforementioned process modeling architecture and methods can be reproduced. The
case study leads to an accurate observation of the reality. The main evidences are
both the company documents and the interviews held. The research team tried to
crosscheck information collected using different data sources.

During the analysis, a set of explanations and results were emerged, both
regarding the companies involved and the models developed. A number of business
process models were also developed. Regarding external validity, the modeling
architecture was developed in the context of the “Odysseus” research project. The
framework can be generalized in similar SMEs companies, while further testing in
other SMEs could better validate the research results, improving the external
validity. The research team ensured also the transparency of the research, clarifying



10 N.A. Panayiotou et al.

a careful research procedure (case study protocol) in order to ensure the series of
results extracted. The research protocol validated the research way.

3.3 General Description of the Study

The supply chain processes of the company face many challenges in a highly
competitive environment. A critical success factor is the cooperation with its
suppliers and subcontractors. The production process depends on the timely pro-
curement of raw materials from domestic and international suppliers, as well as the
implementation of certain process stages from subcontractors. In the AS IS phase of
the company, the processes that require cooperation with suppliers and subcontrac-
tors are managed mostly empirically and are based on the experience of few key
employees.

Although the company posses an ERP system in order to support its processes, it
has not fully utilized its functionality and has not used it for on-line cooperation
with business partners. The retirement of the Production Planning Manager, an old
and very experienced employee, responsible for production planning and
sub-contractors management created serious problems in the production process,
leading, to bad coordination with subcontractors, uneven production schedules and
increased production lead times. The owner of the company realized that a system-
atic approach in business process design and control was needed in order to
guarantee the continuity of business process execution and stable operations.

This main aim of the paper consists on the application of a business process
modeling architecture in order to design supply chain processes in the case of a
Greek SME production company producing electrical equipment.

The adoption of the architecture took place in order to design supply chain
processes in the manufacturing SME, aiming to redesign them based on the process
modeling architecture, including the following methodological steps:

» Information concentration

¢ AS-IS modeling

 Identification of improvement areas
 Prioritization of improvement initiatives
* TO-BE modeling

These methodological steps try to cover many phases of BPM lifecycle. BPM
lifecycle establishes a sustainable process management capability, empowering
organizations to embrace and manage process changes successfully (Com Cloud
Study). Because it incorporates human resources, technology, culture, roles and
responsibilities, data content, applications and infrastructure the approach enables
fully informed decision-making right across an organization. Information concen-
tration is a part of design part of BPM lifecycle while modeling belongs to modeling
phase. Identification and prioritization of improvement areas as well as TO BE
modeling are part of reengineering phase, as they include retrieving process
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performance from modeling phase, identifying potential problems and applying
enhancements in the forthcoming design of the process.

The study started with the information collection, in order to identify the existing
corporate strategy which is important for the determination of the existing pro-
cesses. Next, project team conducted the AS-IS process modeling. In the case study
under discussion, a series of modeling methods were applied. The re-designed
processes enforce the accurate and efficient production of the company’s products.
Methodological steps are described in the next paragraphs.

3.4 Application of the Business Process Modeling
Architecture

The adoption of the previously presented architecture was decided for the analysis
of the existing business processes taking into account all the aspects covered. The
architecture was utilized by the case company in order to document knowledge in a
systematic manner and to help future reengineering efforts.

The coordinator of the analysis of business processes was the new Production
Planning Manager and the development of the necessary diagrams was based on
interviews with key employees of the company as well as on existing documenta-
tion, like ISO processes, organizational charts, informal written processes and IT
manuals. At first, the Organizational Chart and the Application System Type
Diagram were developed, documenting the existing resources. The seven supply
chain processes that were in the scope of the analysis were depicted in a Value-
Added Chain Diagram (presented in Fig. 4). The diagram was used in order to
represent the processes in the highest level. These specific processes are the primary
processes of an enterprise according to Porter (1985).

The most challenging part of the analysis was the recognition of activities and
their representation in EPC Diagrams. An exemplary EPC Diagram is depicted in
Fig. 5, concerning the production planning process. A more analytical representa-
tion of the resources used by each activity was carried out in Function Allocation
Diagrams (FADs), where needed in order to include all different business objects
associated with every activity (risks, applications, documents, organizational roles).
The completion of EPCs and FADs permitted the identification of existing risks at
an activity-level, which had never been done in a formal manner in the past.
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Fig. 4 Value-added chain diagram
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Fig. 5 EPC diagram

The identification of specific risks enabled the pursuit of controls that could
minimize the risks. Figure 6 represents a Risk Diagram concerning the production
planning process, the identified risks related in an activity of the production
planning process, represented in a Function Allocation Diagram (FAD) and the
corresponding risk controls in a Business Controls Diagram. In the example shown,
one of the recognized risks in the production planning activity is the inability to
satisfy the demand. This is an operational risk and it can be controlled through the
use of alternative forecasting methods and the calculation of Mean Absolute
Deviation (MAD) in order to monitor the deviation of the forecast compared with
the actual demand for each final product. A solution could be the development of
forecasting algorithms for the final products and the calculation of MAD. The
algorithms needed to be developed can be represented in a Program Flow Chart
(PF).

All ARIS modeling methods of the architecture (as presented in Fig. 2) were
applied, except Product/Service Tree, as the case study emphasized on process flow
rather than products.
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Fig. 6 Integration of risk diagram, fad and business control diagram

3.5 Results of Architecture’s Application

Following the modeling architecture, a set of business process models were devel-
oped. The company was able for the first time to document and evaluate its supply
chain processes. A quick win from the implementation of the models was the fact
that different process aspects were documented in a formal way, facilitating busi-
ness continuity and management. Different stakeholders (information systems,
“horizontal” processes, internal audit) had an integrated point of view for business
processes. However, the most important benefit was the introduction of the culture
of continuous improvement in the company.

The business process modeling highlighted the existence of important weak-
nesses in the company. This was the trigger for process improvement actions. The
identification of improvement areas included: problematic forecasting generation,
inaccurate material requisitions, problematic procurement orders status monitoring,
problematic coordination with sub-contractors, inefficient planning process for the
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management of emergent make-to-order customer orders, problematic production
execution.

List business process improvements also developed and prioritized according to
the implementation easiness and the expected benefit. Some of these improvement
initiatives included: formal agreement and renegotiation on the suppliers’ lead
times, master data maintenance, introduction of new processes for improved inven-
tory control, introduction of new forecasting method.

Improved processes of the supply chain were designed and the TO-BE business
models were documented, using the same ARIS methods as the AS-IS models. The
adoption of the presented architecture in the case study made the recording and
visualization of the supply chain processes an easy and simple procedure which
added value to the company.

4 Conclusions

This paper presents the application of a business process modeling architecture in
the supply chain of a manufacturing Greek SME company. The implemented archi-
tecture is based on eleven ARIS methods divided in the five perspectives (views) of
the ARIS House. All methods of the architecture are interconnected and integrated.

The adoption of such architectures and tools in specific companies or sectors can
help them deal with the problem they face. In the business management area,
business process documentation was established with integrated process views
regarding different stakeholders. The application of business process modeling
architecture in the case company guided to the identification of specific improve-
ment areas such as the problematic forecasting generation or the problematic
coordination with sub-contractors and eventually to specific actions for business
process improvement.

This business process modeling architecture can assist a company’s operation
through the whole supply chain. A primary role in implementing this architecture is
the reduction of resistance in change through transparency and common under-
standing. This will lead to good supply chain collaboration. During this effort, a
number of challenges needed to be addressed. These challenges are summarized
below:

» Existing knowledge available only in few employees’ minds.

« Difficulty in identifying important complicated business issues.
¢ Undocumented real business processes.

* Neglected views in company’s business thinking.

« Existing company culture.

For all these reasons, building architectures which assist in business processes
modeling and monitoring should be encouraged. The presented architecture should
be tested in additional case studies (companies operating in different sectors) in



The Application of a Business Process Modeling Architecture in the Supply. .. 15

order to extend the validation of its effectiveness. The enhancement of the archi-
tecture towards business process execution would increase its offered benefits.
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How Environmental Knowledge of Managers
Plays a Critical Role in Implementing Green
Supply Chain Management

Toannis E. Nikolaou and Anastasios Zervas

Abstract This paper aims to examine how environmental information affects the
decisions of managers/owners to incorporate environmental concerns into their
supply chain management. A research framework is constructed through a literature
review. This is based on certain research hypotheses which are particularly related
to the knowledge of managers about environmental impacts of Small and Medium
Sized Enterprises (SMEs), and of the barriers and opportunities faced by SMEs
when implementing certain practices to green their supply chain management. The
findings show that knowledge and environmental information plays a critical role in
managers’ decisions to adopt environmental practices across supply chain manage-
ment, while the economic crisis seems to negatively affect their intention to
implement any environmental practice.

Keywords Green supply chain < Barriers ¢ Weaknesses ¢ Environmental
practices * Corporate environmental management « EMSs

1 Introduction

Many assumptions have been made to explain why managers are willing or
unwilling to adopt environmental management practices in order to make the
traditional ways of production and operation environmentally friendly. The adop-
tion of such practices seems to offer important benefits to SMEs such as
cost reduction, improved reputation, enhanced market share, easy access to finan-
cial markets, attractiveness to the investor community, and increased satisfaction of
staff and consumers (Zhu and Sarkis 2004). The theoretical foundation of firms’
initiatives to incorporate green concerns into their supply chain management is
classified in two general theories: (a) a reactive-driven approach is a response of
firms to legislation pressure (Walker et al. 2008), and (b) a proactive-driven
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approach which can be explained as a strategy of firms either to avoid potential risks
or exploit new opportunities (Carter and Dresner 2001).

Other authors explain these strategies as the influence of environmental policy
on managers’ decisions to adopt green supply chain management (G-SCM) (Lee
2008). Following classical classification of environmental policy tools, Tsireme
et al. (2012) notice that not only “command and control” and “market-based”
instruments explain the intention of managers of SMEs to adopt G-SCM but also
value-driven parameters play a critical role in these decisions. Lee (2008) provides
indirect parameters which affect managers decisions such as suppliers with an
environmentally friendly profile, government involvement and green supply readi-
ness in order to adopt green strategies in the overall supply chain.

However, SMEs should overcome various weaknesses in order to adopt G-SCM
(Carter and Dresner 2001; Lee 2008). Some essential weaknesses are the lack of
financial resources and environmental skilled employees as well as environmental
knowledge of firms make managers reluctant to adopt G-SCM (Mathiyazhagan
et al. 2013).

This paper sheds light on how information regarding environmental problems,
barriers and weaknesses influence managers of SMEs to invest in G-SCM. A
conceptual model has been developed which is based on certain research hypo-
theses. These have been tested in a number of Greek SMEs which are located in the
industrial area of Thessaloniki, Greece.

The rest of the paper consists of four sections. The first section includes the
theoretical background and hypotheses of the research. The second section presents
the methodology of this paper and the third section describes the results and
discussion. Finally, the last section includes the conclusion.

2 Theoretical Underpinning: Hypotheses Development

G-SCM has increased in popularity in corporate environmental management. The
current literature covers many topics regarding forward and backward supply chain
management. Srivastava (2007) classifies green supply chain management in three
categories; importance of G-SCM, green design and green operations. The first
category includes academic work which focuses on the relationships of corporate
performance and green supply chain strategies. The second category focuses on
examining green design tools (e.g., Life Cycle Analysis, Environmentally Con-
scious Design) which are useful and suitable for greening products and operations.
The last category includes green operations such as green manufacturing, reverse
logistic and waste management. Sarkis et al. (2011) present nine theories which are
utilized in the general literature of G-SCM and explain the reasons for which firms
adopt G-SCM strategies on a voluntary basis. These theories emphasize differen-
tiations in a wide range of issues such as environmental, social and economic.
The environmentally driven theories of G-SCM are based on ecological modern-
ization where firms seek to protect natural resources by implementing new
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innovative achievements. The social theories of G-SCM focus on the stakeholder
theory where firms address environmental protection goals by taking into consider-
ation the needs of different stakeholder groups (e.g., customers, suppliers, financial
sectors). Institutional theories and social networks are also categorized in social
theories where incentives for firms to adopt G-SCM strategies are associated with
institutions’ policies and existence and strength of social networks. Economic
theories constitute the majority of theories and focus on explaining the incentives
for firms to adopt G-SCM practices through decreasing transaction costs (transac-
tion cost theory), increasing the resources of firms (resource — based view of firms)
and elimination of asymmetric information (information theories). Seuring and
Muller (2008a) highlighted that the economic dimension appears in all G-SCM
literature. The environmental dimension appears in 73 % of the G-SCM literature
examined and the remainder concentrates on sustainable development (both envi-
ronmental and social dimensions).

Darnall et al. (2008) classify the benefits for firms of adopting G-SCM in two
categories: internal and external. The internal incentives are associated with devel-
oping new control and inventory systems for materials management, better and
improved communication between different departments, and effective employee
training regarding environmental and innovation issues. The external incentives are
related to the aim of firms to align their daily operations with a range of social
norms and values (legitimating of their operations). Seuring and Miiller (2008b)
identified that managers and owners consider two reasons as significant in order to
adopt G-SCM such as the pressure of regulation and pressure from NGO. Linton
et al. (2007) recognize three basic reasons which influence the decision making of
firms in the adoption of G-SCM: to comply with environmental regulations, to
achieve public interest requirements and to exploit new competitive opportunities.
Tsireme et al. (2012) consider the reasons for corporate G-SCM adoption as a result
of command and control instruments (e.g., environmental legislation), economic
instruments (e.g., market-based instruments) and voluntary instruments (e.g., [ISO
14011, EMAS).

However, a new approach in the field of corporate environmental management
indicates that human resources play a critical role in the adoption of environmental
management practices (Daily and Huang 2001; Muduli et al. 2013). Daily and
Huang (2001) maintain that management commitment, environmental training
programs for employees and rewards systems for staff may facilitate firms to
adopt environmental management practices. Muduli et al. (2013) examine similar
factors for the correct implementation of G-SCM practices by employees. They
identify that human resources are a very important factor for implementing a
business environmental strategy. In particular, senior management support is con-
sidered very important in order to implement environmental management strategies
within the supply chain. The implementation of voluntary environmental manage-
ment practices creates different types of organizational culture inside an organi-
zation such as employees who put emphasis on diverse facets of sustainability such as
staff development, environmental protection and economic values (Linnenluecke
and Griffith 2010).
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Green et al. (1996) highlight that managers which are informed on environ-
mental issues are more likely to adopt G-SCM practices. This implies that managers
and staff who are better informed concerning their responsibilities for the natural
environment might shift to G-SCM more easily (Darnall et al. 2008). Environ-
mental awareness of managers/owners of SMEs regarding environmental impacts
for which their firms are responsible might be a potential driver that leads them to
adopt G-SCM (Gadenne et al. 2009).

A rational hypothesis is:

H1: The higher the environmental awareness of managers/owners of SMEs, the easier their
decision is to invest in G-SCM.

SMEs have a wide range of alternative practices to G-SCM such as: green
purchasing, green suppliers and green supply chain practices. Zhu and Sarkis
(2004) classify green supply chain management practices in four categories: inter-
nal environmental management, external G-SCM practices, investment recovery
and eco-design. The first category includes top management commitment, environ-
mental management systems (e.g., ISO 14001) and environmental auditing sys-
tems. The second category encompasses practices regarding suppliers’
environmental strategies and purchasing issues as well as cooperation with cus-
tomers for making environmentally friendly products and packaging design. The
third category refers to design products by introducing the protection of the natural
environment and the fourth category includes investment recovery practices such as
products and materials recovery at the end of product life cycle. Diabat and
Govindan (2011) expand the list with strategies with reverse logistics and reducing
energy consumption throughout the supply chain. Nikolaou et al. (2013) provide
guidelines to incorporate sustainability and corporate social responsibility princi-
ples into reverse logistics. Their methodology is based on the Global Reporting
Initiative mainly for transparency reasons.

Similarly, many authors focus on green purchasing techniques and the selection
of green suppliers (Min and Galle 1997; Zsidisin and Siferd 2001). Min and Galle
(1997) classify green purchasing methods in two categories: source reduction (e.g.,
recycling, reuse, remanufacturing) and waste minimization (e.g., biodegrading,
nontoxic incineration). They also identified that the most important reason for
adopting a technique for greening their purchases is legal requirements and
avoiding potential liabilities for the disposal of hazardous materials. Additionally,
many academics have proposed mathematical techniques for assisting firms in
selecting suppliers with environmentally friendly performance (Noci 1997; Bai
and Sarkis 2010). These techniques are based on multicriteria (e.g., AHP, ANP)
and mathematical methodologies (e.g., uzzy) in order to provide standard steps in
procedures of selecting green suppliers (Handfield et al. 2002; Awasthi et al. 2010).

The adoption of such practices in turn will entail benefits for SMEs. Similarly,
these practices will be adopted more easily by managers/owners who are informed
of/about the benefits of environmental management practices. Pujari et al. (2003)
identify a significant statistical relationship between corporate environmental per-
formance and top management support and supplier involvement to green supply
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chain management. Chiou et al. (2011) recognize that greening the suppliers is
positively associated with green innovation, corporate environmental performance
and corporate competitive advantage. These results are based on a study of
124 companies in Taiwan. Carter et al. (2000) support that managers’ choices in
purchasing practices might play a critical role in corporate environmental perfor-
mance. For example, recycled packaging contributes to eliminating the cost of
packaging and transportation costs due to reducing packaging weight.
A rational hypothesis is:

H2: The managers who know the benefits of green supply chain management are more
likely to implement these practices.

However, some factors hinder SMEs to adopt environmental strategies. For
instance, the limited financial resources and the lack of time to take on additional
initiatives (e.g., environmental) are two indicative barriers for SMEs (Cote
et al. 2008). Similarly, Govindan et al. (2014) mention that SMEs have fewer
opportunities to produce practical environmental information, have smaller amount
of resources (e.g., technology, funds, time, environmentally educated employees)
and personal incentives (e.g., personal views of managers/owner regarding envi-
ronmental performance). Walker et al. (2008) state that there are barriers which
hinder firms in the adoption of G-SCM practices such as the local character of a
green supply chain project, a lack of resources, a lack of essential information, a
small number of suppliers, and relevant legislation.

Additional another range of internal barriers could play a negative role in
adopting G-SMC such as institutional norms and values. Bowen et al. (2001)
introduce the concept of ‘environmental illiteracy’ of employees who work in
purchasing departments as a very important barrier for firms in adopting environ-
mental management practices. The majority of managers consider green supply
chain management as additional costs. Moreover, the lack of mechanisms and tools
facilitating the collection of environmental data and employees with relevant
experience are very important internal barriers. It is obviously that managers who
are informed about the barriers might be reluctant to adopt G-SCM.

A rational hypothesis is:

H3: Managers informed about the barriers of G-SCM are more likely to be reluctant to
implement such practices.

3 Methodology

This section describes the methodology employed. A questionnaire research meth-
odology was used. The methodology includes four sub-sections. The first illustrates
the research framework which outlines the rational connections of hypotheses
development. The second section includes criteria used to select the sample. The
third section analyzes the main parts of the questionnaire and the final section
describes basic variables which are statistically tested.
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Fig. 1 Research framework
3.1 Research Framework

The research framework assists in developing an investigation tool of identifying
the relationships of rational hypotheses developed in the previous section. The
research strategy of this paper is based on Fig. 1. This implies that managers with
environmental knowledge are more likely to implement G-SCM practices. This is a
rational and expected result since managers are informed regarding G-SCM prac-
tices and similar success stories of other firms. Similarly, the managers who are
well informed about the benefits of G-SCM might be willing to implement these
practices. 