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Abstract: Process reengineering (PR) in manufacturing organizations is a big challenge, as shown
by the high rate of failure. This research investigated different approaches to process reengineering
to identify limitations and propose a new strategy to increase the success rate. The proposed
methodology integrates data as a procedure for process identification (PI) and mapping and
incorporates process verification to analyze the changes made in a specific process. The study
identifies interdependency within the manufacturing process (MP) and proposes a generic process
reengineering approach that uses simulation and analysis of production line data as a method for
understanding the changes required to optimize the process. The paper discusses the methodology
implementation technique as well as process identification and the process mapping technique
using simulation tools. It provides an improved data-driven process reengineering framework
that incorporates process verification. Based on the proposed model, the study investigates a
production line process using the WITNESS Horizon 21 simulation package and analyse the efficiency
of data-driven process reengineering and process verification in terms of implementing changes.
Keywords: process reengineering (PR); process identification (PI); process verification (PV); process
optimization (PO); business process reengineering (BPR); manufacturing process reengineering
(MPR)

1. Introduction
Today’s global market is unstable and intensively competitive, perhaps due to economic
globalization and the liberalization of the trade market [1]. In this competitive global market, in
order to adapt and evolve with the challenging environment, organizations need to promote changes
in structure and strategy [2]. Advancements in technology, especially in information technology, have
opened a new paradigm in business process optimization. For an organization to thrive and evolve,
the strategic development plan needs to address complex customer requirements.
The idea of incorporating changes into organizations is a relatively new strategy that was
pioneered in the 1990s. At the present pace of economic and technological development, the
process of bringing changes into organizations has become more diverse and complex because of the
unprecedented nature of the market. The term “process reengineering” in organizations, especially
in the manufacturing industries, refers to bringing in changes in the business environment, and may
include the reform of the business strategy from having a technological focus to a cultural one [3]. The
objective of process reengineering and optimization is designed to have a significant impact on the
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efficiency, profitability, and flexibility of the organization [4]. A strategic development plan is essential
so that the organization may thrive and evolve. Business process reengineering (BPR) is a strategy to
increase efficiency in an organization in a precise and calculating manner. An organization may face
different critical issues and problems that do not appear in the development plan. Such unforeseen
and high-risk issues could lead to an organization failing to meet its goals [5]. There are several issues
that an organization needs to consider while implementing a development plan or concept. There are
three critical reasons behind the failure of business process reengineering (BPR) efforts [6].

•
•
•

Inadequate business cases with unjustifiable and unreasonable expectations.
Lack of robustness, technologies and methodologies in implementing BPR efforts.
Failure to implement the required cultural changes within the organization.

BPR has become a potential approach among business organizations in order to increase
productivity and quality, reducing time and costs and aiming to maximize profit and customer
satisfaction [7]. In the modern global economy, BPR is utilized in a wide range of areas such as
manufacturing, government, public sectors, information and communication technology, healthcare
services, and education. Major firms and companies are adopting changes in management through
BPR because of its promise in terms of significantly increasing productivity and profit [8].
In the manufacturing industries, several strategies have been developed since organizations
started adopting process reengineering (PR) for major changes in management and operations. Most
of these approaches are traditional initiatives carried out by the conventional linear life cycle system of
PR. These approaches have failed to serve the objective of PR, to some extent because of their static
and linear nature. The traditional approaches are very much flawed by error and complexity, and are
thus incompetent in the competitive operating environment [9].
According to Hussein [10], the BPR success factors include but are not limited to:

•
•
•
•

BPR team composition;
Business analysis;
Organization-wide commitment; and
Adequate information technology (IT) infrastructure.

The incorporation of data in the manufacturing industries has created new opportunities to
introduce effective changes in operations and management. Integrating data into process reengineering
is possibly the solution to eliminating the uncertainty of success of implementing process reengineering
to bring about changes to an organization [11].
2. Literature Review
2.1. Business Process Reengineering (BPR)
In terms of organizational culture, the term “business process reengineering” refers to a specific
management strategy that focuses on a ground-up procedure of an organization by radically
restructuring the business process. Davenport termed BPR as encompassing some “tasks that
are logically performed to achieve business goal” [12]. He refers to reengineering processes as
having “a holistic focus on the organizational objective emphasizing processes that are related to
the optimization of sub processes for optimizing the productivity”, whereas Champy and Hammer
describe reengineering objective as “achieving dramatic improvements by redesigning the fundamental
business process” [13].
According to Hammer and Champy, process reengineering (PR) consists of three elements.

•
•
•

Input (data related to customer inquiries for service or materials for operations);
Process (a process related to data acquisition or materials); and
Output (expected outcomes).
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Figure 1. Hammer and Champy’s business system diamond.
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••
••
••
••
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Developing vision and process objectives;
Identifying the process for redesigning;
Understand and measure existing processes;
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IT levels;
levels; and
and
Identifying IT
Designing
and
building
process prototype.
prototype.
Designing and building aa process

It is important to understand the vision of a business or an organization before redesigning a
process. This refers to a set of clear objectives and goals that a business organization wants to achieve.
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to understand the vision of a business or an organization before redesigning
process. This refers to a set of clear objectives and goals that a business organization wants to
achieve. They could range from reduction of cost, time or improvement of output quality and
They could range from reduction of cost, time or improvement of output quality and quality of the
quality of the working environment, all the way to the corporate culture. These objectives are
working environment, all the way to the corporate culture. These objectives are prioritized as a target
prioritized as a target or vision. In most cases, redesign efforts do not aim to improve process
or vision. In most cases, redesign efforts do not aim to improve process performance, they emphasize
performance, they emphasize the achievement of the objectives. In this context, Davenport and
the achievement of the objectives. In this context, Davenport and Short suggest eight IT capabilities
Short suggest eight IT capabilities and their organizational impact with regards to achieving the
and their organizational impact with regards to achieving the desired objectives. These capabilities are
desired objectives. These capabilities are described in Table 1.
described in Table 1.

Table1.1.Information
Informationtechnology
technology(IT)
(IT)capabilities
capabilitiesand
andtheir
theirorganizational
organizationalimpact.
impact.
Table

Capability
ITIT
Capability
Transactional
Transactional
Geographic
Geographic

Organizational
Benefit
Organizational
Benefit
IT transforms unorganized and scattered processes into

IT transforms unorganized and scattered processes into routinized and
routinized
and organized
transactions.
organized
transactions.

Rapidtransform
transform
information
freeing
organizational
processes
Rapid
of of
information
freeing
organizational
processes
from
from
geographic
obstacles.
geographic obstacles.

Automation
Automation

Replacing
andreducing
reducinghuman
human
labor
Replacing and
labor
andand
cost.cost.
Analyze
complex
methods
that
affect
a
process.
Analyze complex methods that affect a process.
Introduce logical information into the process.
Informational
Introduce logical information into the process.
Enables sequential changes that allow the simultaneous
Sequential
Enables sequential changes that allow the simultaneous performance of
performance of multiple tasks.
Sequential
multiple tasks.
Knowledge Management
Manage knowledge to bring expertise about the process.
Knowledge Management
Manage knowledge to bring expertise about the process.
Allows measuring process performance by tracking the input
Tracking
Tracking
Allows measuring process performance
by tracking the input and output.
and output.
Analytical
Analytical
Informational

According to Davenport and Short’s methodology, the final step is the design of the new
According to Davenport and Short’s methodology, the final step is the design of the new process
process as a prototype with an expectation of successive iterations. The key factors and tools for
as a prototype with an expectation of successive iterations. The key factors and tools for process
process redesigning and prototyping are described in Figure 2.
redesigning and prototyping are described in Figure 2.

Figure
Figure2.2.Business
Businessprocess
processreengineering
reengineering(BPR)
(BPR)process
processprototyping
prototypingtools
toolsand
andtechnique.
technique.

2.4. Process Analysis and Design Method (PADM)
2.4. Process Analysis and Design Method (PADM)
A new BPR methodology was introduced by the informatics process group (IPG) at Manchester
A new BPR methodology was introduced by the informatics process group (IPG) at
University, called the process analysis and design method (PADM). According to the PADM framework,
Manchester University, called the process analysis and design method (PADM). According to the
the BPR process analysis is as shown in Figure 3.
PADM framework, the BPR process analysis is as shown in Figure 3.
Figure 3 shows the structure of the PADM framework and activity flow once the process is
selected. From the process selection to the target process design, each stage reciprocally interacts with
the others, but does not necessarily maintain a strict sequential order. Process definition defines the
objectives and interfaces of the boundary of the selected process, while baseline identification identifies
the change opportunities that facilitate the understanding and development of the current process.
The evaluation process evaluates technical and social issues such as low job satisfaction and inefficient
use of resources. The identification of key performance indicators is one of the main issues during
process evaluation. In targeted process design, both social and technical aspects of the process are
incorporated based on radical or incremental changes recommended from the evaluation stage.
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group (IPG).

Figure 3 shows the structure of the PADM framework and activity flow once the process is
selected. From the process selection to the target process design, each stage reciprocally interacts
with the others, but does not necessarily maintain a strict sequential order. Process definition
defines the objectives and interfaces of the boundary of the selected process, while baseline
identification identifies the change opportunities that facilitate the understanding and development
of the current process. The evaluation process evaluates technical and social issues such as low job
satisfaction and inefficient use of resources. The identification of key performance indicators is one
of the main issues during process evaluation. In targeted process design, both social and technical
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2.5. Object-Oriented BPR Methodology
According to Jacobson’s object-oriented [18] BPR methodology, business development and
performing reengineering work is based on two mains steps.
1.
2.

Reverse engineering (reengineering the existing organization);
Forward engineering (new company where a new process is designed).
Jacobson’s approach to BPR can be defined as shown in Figure 4.

Figure
Figure 4.
4. Jacobson’s
Jacobson’sBPR
BPRmethodology.
methodology.
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1.
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Outside view (that defines a company’s working environment)
Inside view (that defines the hierarchical structure or internal functions and operations of
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Figure 4. Jacobson’s BPR methodology.
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with the
use of ato
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BPR effort
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to thetoreengineering
directive
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and
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model
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and object
an envisioning activity based on current problems, and the need for change required to accomplish
business visions. To produce a vision, the organization’s existing business process and strategy
should be understood. The reverse engineering phase reconstructs the existing model based on

2.

Inside view (that defines the hierarchical structure or internal functions and operations of a
company)

The use of case modelling and object modelling are correlated, as the reengineering effort starts
with
the use of a case model and evolves with object modelling to obtain a compatible,
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comprehensive and evaluated model of the current process by working iteratively between the
cases and object modelling. The next phase of reengineering is forward engineering, described in
modelling.
Theanext
phase
of reengineering
described
Figure
with a
Figure 5, with
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to produce
a model is
forforward
the newengineering,
organization
carryingin
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some5,parallel
vision
to
produce
a
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for
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some
parallel
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Figure 5. Forward engineering activities.

3. Analysis of the Literature Review
3. Analysis of the Literature Review
Most of the BPR methodologies and models have the limitation of dependency, because in a BPR
Most of the BPR methodologies and models have the limitation of dependency, because in a
effort each step and procedure has consequences and are dependent on each other. Changes in one
BPR effort each step and procedure has consequences and are dependent on each other. Changes in
step can have major impact on the next step and a lack of adaptation can lead to failure. Many of the
one step can have major impact on the next step and a lack of adaptation can lead to failure. Many
BPR methodologies embody the change and improvement of one single process without measuring
of the BPR methodologies embody the change and improvement of one single process without
the effect on the others. Improvements made without considering the dependency issues of a single
measuring the effect on the others. Improvements made without considering the dependency issues
process could have a detrimental impact on the process. To avoid any dependency and rational impact
of a single process could have a detrimental impact on the process. To avoid any dependency and
on any process, the holistic approach of reengineering should be utilized [19]. In a successful BPR
rational impact on any process, the holistic approach of reengineering should be utilized [19]. In a
effort, an overall understanding of the key processes of an organization is vital before reengineering
successful BPR effort, an overall understanding of the key processes of an organization is vital
any process [20].The limitations of the existing BPR models are discussed in the next section.
before reengineering any process [20].The limitations of the existing BPR models are discussed in
the next
section.of the Existing Processes
3.1.
Limitations
The existing
BPR
methodologies
3.1. Limitations
of the
Existing
Processes and models are based on the changes and adaptations of an
organization rather than practical experience from former implementation and evaluation of the
The existing BPR methodologies and models are based on the changes and adaptations of an
current process [21]. For example, the PADM framework does not incorporate process evaluation, but
organization rather than practical experience from former implementation and evaluation of the
uses the strategic business context to design the re-engineered model.
current process [21]. For example, the PADM framework does not incorporate process evaluation,
In the existing BPR model, we can see the concentration of process improvement or innovation
but uses the strategic business context to design the re-engineered model.
where key performance indicators have improved in an incremental manner but the integration of
In the existing BPR model, we can see the concentration of process improvement or innovation
interdependency can result in a more sustainable and consistent output [22]. The comparative analysis
where key performance indicators have improved in an incremental manner but the integration of
of different frameworks in Figure 6 shows that most of the methodologies do not have a continuous
interdependency can result in a more sustainable and consistent output [22]. The comparative
process improvement phase except the PADM framework, which makes the other methodologies
analysis of different frameworks in Figure 6 shows that most of the methodologies do not have a
quite static. Without the proper evaluation and the initiatives of continuous improvement, it will be
continuous process improvement phase except the PADM framework, which makes the other
very difficult to provide consistent results [23]. This inconsistency could have a long-term impact on
achieving the business vision. Most of the BPR methodologies and models use software development
tools that lack the integration of interdependency and can only visualize the conceptual business
model [22].
A major problem of existing BPR models is the cost of implementation. This is due to the costly
tools and techniques that the methodologies are based on. Although IT is an important enabler of
BPR, we should use IT as an efficiency enabler and not only as a method of automation. Most of the
methodologies are well-defined, with deep-rooted theories, but lack feasibility due to cost inefficiency
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methodologies are well-defined, with deep-rooted theories, but lack feasibility due to cost
inefficiency and potential information savings [23]. The lack of gathered information from the nonparticipants
vital to the
process
reengineering)
is another
vital issuefrom
withthe
allnon-participants
the major BPR
and potential(not
information
savings
[23].
The lack of gathered
information
methodologies.
(not vital to the process reengineering) is another vital issue with all the major BPR methodologies.

Figure 6.
6. BPR
BPR methodology
methodology comparison
comparison framework.
framework.
Figure

One of the most common limitations of the BPR methodologies and models is that they describe
the process operation that produces new output with a specified input rather than a partial world
state [24]. Most of the existing BPR models concentrate only on the organizational process without
considering management issues and poor geographical location [22]. As a rule of thumb, most
organizations follow up on some soft elements in their development phase and tend to focus more on
quantifiable elements during implementation phase.
A very common theme for BPR methodologies is to follow the BPR practitioner’s experience
without considering the organizational environment. Some methodologies follow up innovation or
environmental analysis without any practical experience [24]. Most of the BPR methodologies do not
run business data analysis in an objective manner while initiating a BPR effort. BPR methodologies
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should not attempt to cover a wide range of activities for an organization, as the BPR recipe could
vary based on business sector and circumstances [25]. Most of the BPR models do not have a formal
underpinning and use graphical notation when mapping or designing business models that lack the
logical consistency of the model [22].
3.2. Implementation Comparison of the BPR Methodologies
Based on these four methodologies (Hammer/Champy, Davenport/Short, PADM and Jacobson)
and their reengineering approaches, a comparison framework was designed, presented in Figure 7,
that provides a clear view of the major BPR methodologies and their approaches.
Based on the BPR methodologies mentioned above, we built a framework that provides five
phases of BPR projects:
a.
b.
c.
d.
e.

Learning the process;
Business vision;
Mapping and analyzing current phase (model analysis);
Re-engineering the existing processes; and
Continuous process improvement (CPI).

It is evident from Figure 7 that none of the BPR methodologies have the continuous improvement
(CPI) phase except the PADM framework, which does not investigate the learning and business
vision phase, but emphasizes continuous improvement based on analyzing the current process and
redesigned process. The other three methodologies are similar in the number of phases except
Jacobson’s object-oriented methodology, which follows every phase except the continuous process
improvement phase. The above-discussed methodologies are summarized in Table 2 and their generic
description is given in Sections 3.2.1–3.2.5.
Table 2. Comparison of methodologies.
Methodology
Hammer/Champy
Davenport/Short
PADM
Jacobson

Process
Learning

√
√

Envisioning or
Business
Vision
√
√
√

Mapping the
Current
Process
√
√
√

Re-engineering
the Existing
Process or New
√
√
√
√

Continuous Process
Improvement (CPI)
√
-
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Figure 7. Framework of the BPR methodology implementation phase.

3.2.1. Learning Process Phase
3.2.1. Learning Process Phase
Two of the above-mentioned methodologies (Hammer/Champy and Davenport/Short) include
Twolearning
of the above-mentioned
(Hammer/Champy
and Davenport/Short)
include
a process
phase where themethodologies
BPR team collects
data on technological
capabilities, customer
a process learning
phase and
where
the BPRorganizational
team collects data
on technological
requirements,
competitors
successful
operation.
This can becapabilities,
included in customer
the BPR
requirements,
competitors
and
successful
organizational
operation.
This
can
be
included inand
the the
BPR
effort as a learning process, as it gives provides information about customer satisfaction
effort asofa the
learning
process,
it givesmarket
provides
about customer
satisfaction
andand
the
position
company
in theascurrent
andinformation
business strategy.
For example,
Hammer
position
of
the
company
in
the
current
market
and
business
strategy.
For
example,
Hammer
and
Champy have emphasized the importance of training sessions for employees to enhance the learning
Champy
the importance
of training
sessions
employees
enhance the
process,
as have
it can emphasized
help in the development
of possible
solutions
whenfor
there
is a need to
to incorporate
learninginprocess,
as itprocess
can help
changes
an existing
[13].in the development of possible solutions when there is a need to
incorporate changes in an existing process [13].
3.2.2. Create a Business Vision (Envisioning Phase)
3.2.2. Create a Business Vision (Envisioning Phase)
Every organization should have a business vision that could be based on business ethics,
Every organization
shouldjust
have
business
vision development.
that could beCreating
based on
business vision
ethics,
organizational
culture or simply
as aa part
of business
a business
organizational
culturetoorcompare
simply just
as a part
of business
Creating
helps
the organization
its growth
with
regard todevelopment.
its desired targets.
It is aanbusiness
integralvision
part
helps the organization to compare its growth with regard to its desired targets. It is an integral part
of a BPR effort unless the BPR effort is about the evaluation of the current process. For example, the
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of a BPR effort unless the BPR effort is about the evaluation of the current process. For example, the
PADM framework incorporates process evaluation to redesign the new processes instead of simply
focuses on existing processes.
3.2.3. Modelling and Analyzing or Mapping Current Processes
There are different aspects that have created some debate about the modelling and analysis of the
current business processes, as some researchers believe and describe it as a modelling strategy, which
is time consuming and hinders the implementation of innovative ideas, while others recognize it as a
fundamental issue of a successful BPR effort [18,21]. However, the analysis of the current business
processes identifies the problems and the opportunities for bringing change to improve the current
processes. Hammer and Champy’s methodology incorporates understanding existing phases, while
others incorporate the modelling strategy.
3.2.4. Modelling and Analyzing Processes or Re-engineering the Process
This phase is a requirement for any BPR effort and is supported by every BPR methodology.
This is the visualization of the future state of a process that has one or more than one reengineering
option (in most cases). This can be termed the ‘to-be process’, which is evaluated based on the strategic
objectives against expected benefits. The outcome is the neglected problem of the process and analyzes
it further to examine and simulate the best applicable processes.
3.2.5. Transition to a Continuous Process Improvement Effort (CPI)
Most of the BPR methodologies do not include this phase, with the exception of PADM. It
strengthens the BPR effort and allows further investigation into implementing the reengineered
process and works as a refiner of the organization0 s processes that need to be implemented to achieve
the best outcomes. However, in some scenarios the CPI is used as an everyday task that looks like a
radical change of processes after a certain period.
3.3. Integration Possibilities of the Manufacturing Process and Process Reengineering
One of the major problems with process reengineering is the failure to implement the changes
required to optimize a process. Changes in manufacturing process are more difficult to implement
because of their complex and inter-dependent nature. However, a process reengineering technique
that considers the data from the manufacturing process to identify problems and make changes by
eliminating those issues could be a good solution to solve this problem. In a manufacturing process,
simulation can be used to identify the possible outcomes by verifying the possible output. Existing
software packages like WITNESS 21 Horizon that can simulate both the service and production line
can be useful to identify and map the process and optimize it by analyzing the data.
3.4. Data in Manufacturing Industries
Manufacturing organizations are going through a transformation from traditional to highly
optimized manufacturing processes [26–28]. With the high pace of technological advancement,
manufacturing processes require a reengineering approach that is flexible and has a high success rate.
Manufacturing organizations are focusing on smart manufacturing facilities by creating manufacturing
intelligence to provide real-time data that will help to create a decision support system to bring
about changes in the process or organization [29,30]. The developments in digital electronics and
cyber–physical systems, the internet of things (IOT) and computer integrated systems have delivered
technologies that help create a better understanding of the process and its analysis [31–33]. These
massive amounts of data have created a new paradigm of integrating data in process reengineering
approaches to optimize the manufacturing process.
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4. Proposed Data-Driven Process Reengineering
BPR efforts need to have a clear objective and the right information on the business organization
to be successfully implemented. From the comparison of the existing BPR methodologies described in
Table 2, it is very clear that most of the BPR methodologies follow similar procedures, except for some
differences in the manner of collecting process information and the approach to designing a process.
Among the methodologies, some of the processes have phases that are essential to understanding
the organizational environment, while others overlook them, following different phases that are
indeed essential, but due to absence of some strategic steps, the risk rises significantly that successful
implementation will be hindered. A process reengineering (PR) effort should have an adoption and
a contingency plan to face the challenges that may arise during the process implementation phase.
Manufacturing organizations evaluate the value of the traditional process that is being achieved
using long-term experience of the organizational structure. When a PR initiative is undertaken, the
organization needs to keep in mind the dependency issues of the PR practice. Figure 7 shows that
in most cases the challenges that arise in BPR implementation are driven by the other issues that are
implemented without realizing the impact that they can have on other steps.
The proposed BPR methodology incorporates data and simulations to identify and map the
process. The methodology starts with the process mapping technique and maps the process in the
WITNESS simulation software through the identification and collection of data. Once the process is
mapped, it goes through a verification stage comparing the data between existing production line data
and the simulation data. After the process is verified, the reengineering phase runs a simulation with
the required changes based on the collected data and analyzes the outcome through a goodness-of-fit
test. This methodology tends to eliminate the risk of failure to implement the changes by simulating
the possible outcomes before implementation, which decreases the risk of failure.
4.1. Overview of the Proposed Approach
The aim of this research was to design a process reengineering technique using organizational
data, and a simulation and verification process for optimization. The process started with the process
reengineering methods described in the literature review, with an additional verification technique
added to measure the efficiency of changing the process. This proposed methodology uses simulation
and analyzes the output as a result of the changes made in every step before implementation. It is
to be noted that the proposed methodology is designed as a technique of manufacturing process
reengineering and optimization. The steps of the methodology are described in the following
Sections 4.1.1–4.1.5.
4.1.1. Process Mapping and Identification
Process identification refers to identifying working procedures of a process. The process will
be mapped through process identification and data using WITNESS Horizon 21 simulation package
(Lanner Group, Warwickshire, UK). The data will be collected from the process and the production
line and once the process is identified it will be mapped in WITNESS.
4.1.2. Gathering Quantifiable and Quality Data
Process data (production line data) is the most important part of the proposed process
reengineering technique. To map the process, the accuracy of the data is very crucial. Incorrect
and unnecessary data will decrease the accuracy of the model [34]. Incorrect data and inappropriate
analysis can mislead the simulation output. In general, for large sets of data, statistical analyses are
often used in simulations. They play a vital role in ensuring that an acceptable and realistic result is
obtained through the use of simulation packages.
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4.1.3. Process Reengineering
The proposed PR technique uses a simulation package (WITNESS Horizon 21) to examine
the reengineering approaches. The changes that will be made as a re-engineered model will be
12 of 22
implemented on the simulation model. As the model is designed based on the actual process
and
data, ideally it should also represent the changes. However, to ensure the accuracy of the results, a
data, ideally it should also represent the changes. However, to ensure the accuracy of the results, a
verification and validation process will be used.
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The validation of the process mapping will run by evaluating the differences between manual
production and the simulation output Nr ≅ Ns.
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4.1.5. Process Validation
The validation of the process mapping will run by evaluating the differences between manual
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5.1. Project and Knowledge Management Contingency Plan
Due to increasing market demands, PR is becoming more complex. To cope with this complexity,
PR efforts should be placed under a project management contingency plan. To understand the PR
requirements, manufacturing organizations should have a contingency plan among the employees or
PR teams. When management identifies the need for change in the process, the information should
include the views of the employees and their reaction to management decisions. To deliver the change
information, management can arrange some orientation sessions with the aim of managing knowledge
about the organization’s present condition. It will create a better route to implementation if the
organization mixes and matches the views of BPR specialists and organizational members who will
perform the PR.
Modern project management techniques and approaches can design BPR efforts as individual
projects to identify their requirements and manage risks by utilizing various risk assessment techniques.
Once the organization has recorded the ideas of their employees and their knowledge level, further
procedures can be initiated.
5.2. Analysing Organizational Process Inefficiency and Setting up New Business Visions
The existing BPR methodologies, except the PADM framework, embody the phase vision or the
business vision. However, most of these do not fix a business vision based on the process analysis
report. A business vision can be understood as a requirement of the PR implementation as an objective
of the BPR effort. In such a context, setting up a vision without analyzing the current business process
can be unrealistic, as in most cases management expectations tend to limit the possible outcomes as
no consideration has been made to measure the achievability of the objectives in comparison to the
available resources and effort.
In the proposed model, the business vision is fixed based on two states of the organizational
situation. The first is the analysis of the current process, which will provide a framework for the
organization’s hierarchical structure, and the second is comparing the existing structure and efficiency
to the objective that an organization wants to achieve or develop as its business vision by eliminating
the unproductive steps.
In most BPR efforts, organizations try to implement BPR projects as a part of business development
by improving the current processes or implementing new ideas. The problem with the structured and
fixed procedures of the existing BPR methodologies is the complexity of the identification of the BPR
objective based on the present condition. The current condition of the organization is very important,
as this will provide information about the BPR implementation, whether it needs to be developed from
the current process or a whole new idea needs to be generated.
The opportunity presented by the process analysis will provide the scope and the objectives,
which will be more accurate, realistic and achievable based on both innovative ideas and traditional
experience depending on the organizational development.
Without knowledge of the current condition and efficiency of the organization, developing any
objective and initiative can lead the PR efforts towards failure.
5.3. Setting BPR Objective Based on the Business Vision
Once the business vision is fixed by analyzing or mapping the current process, the changes within
the process will be very clear. The analysis report of the existing process will provide the objectives of
the BPR. The proposed methodology with the simulation model and output will automate a clear set
of PR objective that is initiated from the existing process analysis, and hence will have less chance of
picking up the wrong initiatives.
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5.4. Re-engineering the Process Based on Organizational Knowledge or Innovative Ideas
This is phase is common to each of the existing BPR methodologies. However, most of the BPR
methodologies do not allow a parallel development process. For example, Hammer and Champy’s
model suggests reengineering by radical changes, while Davenport’s methodology suggests IT
capabilities or innovation. The PADM framework recommends process evaluation through social and
technical inefficiencies, and Jacobson’s objective-oriented methodology re-engineers the process based
on the case and objective of the organization through forward engineering. The data-driven PR does
not contradict existing methodologies. It incorporates data analysis and simulation as IT enablers, and
verification and validation as a process of risk elimination.
5.5. Continuous Improvement Plan to Compare the Outcomes with the Business Vision
The existing BPR methodologies do not have any continuous process improvement plan except
the PADM framework. The proposed model analyzes each phase by evaluating the data of the PR
effort. As a continuous process improvement plan, the data-driven process reengineering model uses
simulations to measure the effect of changes before and after the implementation of a phase. It allows
further investigation based on the report of each phase that filters the mistakes and inefficiencies to
run alongside the BPR objective.
6. Case Study
To investigate and examine the proposed PR methodology, a production line for valves was
studied. The data and the production layout were extracted from the Lanner Group WITNESS Training
Manual to examine using WITNESS simulation package. The WITNESS simulation package used
here was WITNESS Horizon 21 (Service Edition). Manufacturing organizations face big challenges,
as implementing changes as an experiment is expensive and the risks associated with this are very
high. The data used were from the production line and no unstructured or semi-structured data were
used. The generic PR steps were used with the addition of process verification and analysis. The PR
methodology used for this case study is described in Figure 10.
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Figure 10. Data-driven process identification model.
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fixture and go through the grinder. The grinder grinds the bars to valves and the unloader sends
them to the valve stock. The cleaner pulls the valves one by one and sends them to the shipment
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6.2. Mapping the Process
The process mapping (PM) has six different steps similar to the process identification. The
mapping process was completed using WITNESS Horizon 21 (Service Edition). This simulation
package allowed us to experiment with both production and the service area. However, in this research
only the production area was used due to a lack of data.
The valve manufacturing process has a warm up time of 1440 min with a 75 h (4500 min) working
time. Thus, the runtime used was 5940 min in the simulation. The present production line produces
120–160 valves within the given time span. The mapped process based on the process identification
and data are described below.
Figure 11 shows that the process starts with receiving metal bars that are readily available, which
are then sent to the stock area. A saw machine pulls the bars from the stock and cuts them into three
pieces and sends them to Conveyor001, which pulls them to the coating area for painting. Once
painted, they are checked by an inspector and the bars are sent to the reworking or the hardening
area with a ratio of 20:80. The next step is loading, where three bars are attached with a fixture and
17 of 22
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6.3. Process Verification
6.3. Process Verification
The process can simply be verified by checking the output of the simulation (which was 141) with
The process can simply be verified by checking the output of the simulation (which was 141)
the actual physical output, which ranged between 120 and 160. The output will be the same for the
with the actual physical output, which ranged between 120 and 160. The output will be the same for
the simulation with fixed resources. The output can change based on several factors such as the run
time, machine set-up time, shift time, etc. As we are not using a set of data that will require a mean
value and statistical analysis to find a median, the simulated process is fully capable of representing
the existing process.
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simulation with fixed resources. The output can change based on several factors such as the run time,
machine set-up time, shift time, etc. As we are not using a set of data that will require a mean value
and statistical analysis to find a median, the simulated process is fully capable of representing the
existing process.
The total output = 120 – 160, with a median value of 140.
The total output on simulation = 141 ∼
= 140.
6.4. Process Analysis
Figure 12 shows that the busiest parts of the process are the inspection and cleaning area. The
blockage time of the saw machine is 91.29% and coating area is 54.28%. The total process is divided
into six major stages. All these steps are interdependent and passive. Figure 13 shows the machine
statistics for blockage, setup, busy and break-down times.
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with the maximum efficiency to bring changes into the process. Based on the existing parameters that
resulted in 140 valves, several changes were made according to the budget to increase the output (see
Figure 14). A summary of those changes is shown in Table 3.
Table 3. Changes based on the budget.
Components

Existing Model

Modified Model

Stock capability
Saw machine
Coating Machine
Inspection area
Cleaner
Total Output

30 metal bars
Cycle time = 6 min
Cycle time = 60 min; batch size = 6
Inspector = 1; cycle time = 0.1 min
Operator = 1; cycle time = 0.1 min
140 valves

100 metal bars
Cycle time = 6 min
Cycle time = 47.5 min; batch size = 7
Inspectors = 3, cycle time = 0.1 min
Operators = 2; cycle time = 0.1 min
421 valves
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Figure 14. Re-engineered and optimized process.
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6.6. Process Verification
The output was calculated by multiplying the busy time of a machine with the run time and
dividing the obtained value by the cycle time. According to Figure 15, the saw machine had a busy
time of 18.53% and it produced three bars in one cycle of 6 min, which means that 2 min is the cycle
time for one bar. The number of operations calculated (0.1853 × 4500)/2 = 417 units of valves, which is
close to the output of 421 units of valves, meaning that the changes made were verified and acceptable.
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a.
Whether the increase in the number of operations affected the coating machine’s production;
b.
Whether the increase in resources in both the saw and the coating machine affected the output.

The coating machine is affected by the saw machine if it has a greater cycle time than the saw
machine. In this case, the saw machine had a 6 min cycle time and the coating machine had a 47.5 min
cycle time for the optimized model. However, a change should be made here, otherwise the coating
machine will become clogged after a certain amount of run time. The reason is that the sawed bars must
wait in the conveyor and the saw machine will be blocked until the coating machine finishes coating
the same number of bars. Considering the bottleneck and the existing model, the simulation shows
that the coating machine and the inspector have the highest number of bottlenecks. The resources were
used to reduce bottlenecks and resulted in a substantial increase in output, showing the effectiveness
of the proposed PR approach.
7. Conclusions
Over the last decade, several BPR methodologies have been developed to create better
reengineering initiatives and approaches. The initial BPR methodologies were quite simple and
at times proved to be ineffective when dealing with complex situations. To overcome these limitations
and increase the success rate, a data-driven process reengineering approach was introduced in this
paper. The objective of this data-driven PR methodology was to provide solutions for the challenges
that today’s manufacturing organizations face on a daily basis. This will help organizations to adopt a
PR methodology that will enhance the success rate rather than adding a new liability. PR should be
implemented based on a multiple, holistic approach to identify the interaction of different changes.
In this research, an overview of the existing BPR models and methodologies was presented. To
overcome the limitations of methodologies such as Hammer/Champy, Davenport/Short, PADM and
Jacobson, a data driven PR methodology was designed that followed multiple approaches in order
to avoid failure, by focusing on the success factors related to the PR objective. A case study of the
production of valves was presented that was optimized based on the new PR methodology. The
result was a substantial increase in output by analyzing the inter-dependency of various factors.
PR is a subject of great interest in the present static business world. However, there are some
interesting avenues that can be explored further, as described in the analysis, and further research
can be done to identify more rational issues that can arise along with the process changes. Further
research may add to the feasibility of the proposed methodology, which proved to be very useful in

Designs 2018, 2, 42

21 of 22

identifying inter-dependency issues and increasing the success rate of process reengineering in the
manufacturing industries.
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