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Dear Editor-in-Chief,

Please find attached our revised version of the manuscript (BIJ-09-2021-0559.R2). We thank
you and the anonymous reviewers of the second version of this paper, for your constructive
suggestions and critical remarks to improve the quality of the paper and undoubtedly increase
the understanding of the authors on the subject. The corrections incorporated are being
highlighted in the paper (yellow highlighted in the paper). We have made the corrections in the
paper strictly following your suggestions and those of the reviewers. The main changes and

corrections are listed below point by point.

Once again thank you for highlighting the key improvements/changes needed to give us a clear

direction. We are looking forward to hearing from you with high spirit.

Yours sincerely,

Corresponding Author

Response to Editors’ Comments

The reviewer(s) have recommended publication, but also suggest some revisions to your manuscript.

Therefore, I invite you to respond to the reviewer(s)' comments and revise your manuscript.

Response: Authors are extremely thankful to our esteemed editor for this positive comment.
As per the given valuable input provided by the reviewers, the authors tried to respond to the
reviewer(s) comments and revise the manuscript accordingly. We are very sure that our actions

will now fully satisfy and overcome their concerns.
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Response to Reviewers’ Comments

Recommendation: Minor Revision

Comments: Author prepared the manuscript on “Measuring the Financial Impact of Equipment
Performance Improvement: ISB and IEB Metrics”.

My comments are listed below:

Response: Authors are extremely thankful to the esteemed reviewer for taking the time to
review our paper once more and for providing constructive comments to improve it. We are
pleased with the feedback and sincerely hope that our revised version satisfies your
queries/concerns. We have highlighted the modifications in yellow colour in the revised

version of the paper. We have also provided point-wise answers to the raised queries below.

Comments:

Query 1. First of all, the revised version of the manuscript is quite cluttered and confusing.
The presentation should be strictly in a professional way.

Response: We are extremely thankful to the esteemed reviewer for making this observation.
We would like to bring the reviewer's attention to the following points in order to explain the
reason why we chose to offer this manuscript in an ‘unconventional’ manner:

e This is one of the first articles to provide monetary metrics that are based on the
performance of the equipment, but it does not include the theoretical or scholarly proof
that is necessary to reinforce the metrics argument conceptually. Because there is
insufficient theoretical evidence to back up the statement, the focus should be placed
on at least providing the validation element in several rounds so that we may circumvent
the theoretical weakening that the metrics proposition causes. In order to do this, we
have designed, presented, and included a validation strategy that consists of three
phases within this study. This three-phase validation methodology is in and of itself a
novel method for presenting and validating any form of framework, metrics, or theory.
Because of this, there was no professional framework that could be followed that was
accessible in the literature.

e Aside from that, one of the goals that we had for the paper was to provide the

research methodology, the proposition, and the validation portions in different sections.
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In order to do this, we will need to provide more description of the proposition and
validation portion of the research methodology section. This will allow us to present
the proposition and validation as an integral component of the research flow. Once
again, the proposition and validation sections are required to explain in the latter phase
when such parts (the proposition and validation sections) would be added to propose
the metrics and verify the metrics. These acts would result in two shortcomings, which

are as follows:

I.  Inthe first place, it would result in the concept being presented in distinct portions
of the document with the same thought, which would be considered redundant.

II.  Second, it would lead to an unneeded extension of the manuscript, which would

further display the article to the reader of the "Benchmarking" journal in a manner

that would make the article seem unappealing.

The aforementioned points, which address your query, have led us to deliver the work in the
form that has been presented here (‘unprofessional’ way). Also, give the impression that there
is a lot going on and that it is confusing. We are deeply sorry that the presentation of the article
was not to the satisfaction of our highly respected reviewer. However, we believe and hope
that the reviewer's query or concern will be addressed adequately by the answer provided by
the authors (which was stated above). In addition, we are hopeful that the answer that has been
provided will assist the respected reviewer in comprehending the need of presenting the work

in the manner that we have.

Query 2. There is still a scope for the author(s) to make abstract more precise.
Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.
As per your given valuable suggestion, the abstract of the paper has been modified as:

Purpose

Equipment performance helps the manufacturing sector achieve operational and financial
improvements despite process variations. However, the literature lacks a clear index or metric to
quantify the monetary advantages of enhanced equipment performance. Thus, the paper presents
two innovative monetary performance measures to estimate the financial advantages of enhancing
equipment performance by isolating the effect of manufacturing fluctuations such as product mix
price, direct and indirect characteristics, and cost changes.

Design/methodology/approach

The research provides two measures, ISB (Improvement Saving Benefits) and IEB (Improvement
Earning Benefits), to assess equipment performance improvements. The effectiveness of the metrics
is validated through a three stages approach, namely: (1) experts' binary opinion, (2) sample, and
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(3) actual cases. The relevant data may be collected through accounting systems, purpose-built
software, or electronic spreadsheets.

Findings

The findings suggest that both measures provide an effective cost-benefit analysis of equipment
performance enhancement. The measure ISB indicates savings from performance increases when
equipment capacity is greater than product demand. IEB is utilised when equipment capacity is less
than product demand. Both measurements may replace the unitary cost variation, which is subject
to manufacturing changes.

Originality

The study introduces two novel financial equipment performance improvement indicators that
distinguish the effects of manufacturing variations. Manufacturing variations cause cost advantages
from operational improvements to be misrepresented. There is currently no approach for
manufacturing organisations to calculate the financial advantages of enhancing equipment
performance while isolating production irregularities.

Practical Implications

Manufacturing businesses may utilise the ISB and IEB metrics to conduct a systematic analysis of
equipment performance and to appreciate the financial savings perspective in order to emphasise
profitability in the short and long term.

For the reference of the modified abstract, please see page 1, from line number 6 to line number
38. (Highlighted with yellow in the manuscript). We hope that the revised version of the

abstract will satisfy the concern of our esteemed reviewer.

Query 3. The citation and referencing style should be strictly as per guidelines for eg., page 1,
line 49-50, more resources (Garza-Reyes et al., 2019; Nadeem et al., 2018) should be (Nadeem
et al., 2018; Garza-Reyes et al., 2019).

In citation, author (s) name should be written alphabetically first and then chronologically.
Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.
As per the given valuable suggestion, we have modified the citation and referencing style

throughout the paper. (Highlighted with yellow in the manuscript)

Query 4. There are also some syntax errors for eg, page 2, line 80-81. Manuscript needs
complete proof reading.

Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.
As per the given valuable suggestion, we have thoroughly proofread the entire article ourselves
and asked a native English academic speaker to also proofread the paper to make sure that it
is free of grammar, syntax and spelling errors as well as to make sure that the organisation of

sentences and development of ideas/arguments are fluent and easy to follow by the readers.
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For example, in page 2, line 80-81 (in this version it is from line number 75 to line number 77)
has been changed from its previous version, which was “There are detailed cost accounting
models specific to manufacturing processes but they also fail to provide explicit metrics that

show the monetary benefits through equipment performance improvement”

, and now in this proofreading version, it is “There are extensive cost accounting models that
are particular to manufacturing processes. However, these models do not provide clear
metrics that illustrate the financial gains that may be achieved via improvements in the
performance of the equipment”. (Highlighted with yellow in the manuscript).

Query 5. Page 3, line 112-116 (highlighted as green) it is mentioned that paper is divided into
5 sections however author mentioned about section as well. Kindly correct in this aspect.
Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.
As per the given valuable suggestion, we have restructured the section (Previously in Page 3,

line 112-116; now in Page 3, line number 107 to line number 114) as:

“The overall structure of the paper consists of five sections. The introduction and the

Jjustification for the study are presented in Section 1, whereas a literature review of previous
research on the topic of measuring the performance of equipment is discussed in Section 2.
The research methodology followed by the present study is introduced in Section 3, which
describes the suggested ISB and IEB metrics and their validation using a three-phase
strategy. Section 4 provides a brief discussion of the study. Finally, the conclusions of the
study are provided in Section 5, along with suggestions for further research directions based
on the findings of this study.” (Highlighted with yellow in the manuscript).

Additional Questions:

Query 6. Originality: Does the paper contain new and significant information adequate to
justify publication?: See detailed comments

Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.
As per the given valuable suggestion, we have addressed the comments from Query 1 to Query

5 (given above).

Query 7. Relationship to Literature: Does the paper demonstrate an adequate understanding
of the relevant literature in the field and cite an appropriate range of literature sources? Is any
signficant work ignored?: See detailed comments

Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.

No action is required.
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Query 8. Methodology: Is the paper's argument built on an appropriate base of theory,
concepts, or other ideas? Has the research or equivalent intellectual work on which the paper
is based been well designed? Are the methods employed appropriate?: See detailed comments
Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.

No action is required.

Query 9. Results: Are results presented clearly and analysed appropriately? Do the
conclusions adequately tie together the other elements of the paper?: See detailed comments
Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.

No action is required.

Query 10. Implications for research, practice and/or society: Does the paper identify clearly
any implications for research, practice and/or society? Does the paper bridge the gap between
theory and practice? How can the research be used in practice (economic and commercial
impact), in teaching, to influence public policy, in research (contributing to the body of
knowledge)? What is the impact upon society (influencing public attitudes, affecting quality
of life)? Are these implications consistent with the findings and conclusions of the paper?: See
detailed comments

Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.

No action is required.

Query 11. Quality of Communication: Does the paper clearly express its case, measured
against the technical language of the field and the expected knowledge of the journal's
readership? Has attention been paid to the clarity of expression and readability, such as
sentence structure, jargon use, acronyms, etc.: See detailed comments

Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.
As per the given valuable suggestion, we have addressed the comments in Query 4 (given

above).
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Recommendation: Minor Revision

Comments: There are no comments.

Response: Authors are extremely thankful to the esteemed reviewer for taking the time to
review our paper and for constructive comments to improve it. We are very thankful to our
esteemed reviewer that he/she liked the first revision of our paper. We sincerely hope that our
second revised version satisfies your queries/concerns. We have highlighted the modifications
in yellow colour in the revised version of the paper. We have also provided point-wise answers

to the raised queries below.

Additional Comments:

Query 1. Originality: Does the paper contain new and significant information adequate to
justify publication?: After overall restructuring of paper now manuscript is justified to publish.
Response: We are extremely thankful to the esteemed reviewer for this positive comment. No

action is required.

Query 2. Relationship to Literature: Does the paper demonstrate an adequate understanding
of the relevant literature in the field and cite an appropriate range of literature sources? Is any
signficant work ignored?: Author(s)has/have added most of the significant work in manuscript.
Response: We are extremely thankful to the esteemed reviewer for this positive comment. No

action is required.

Query 3. Methodology: Is the paper's argument built on an appropriate base of theory,
concepts, or other ideas? Has the research or equivalent intellectual work on which the paper
is based been well designed? Are the methods employed appropriate?: After overall
restructuring of paper now manuscript is justified and proper research methodology has been
added in revision.

Response: We are extremely thankful to the esteemed reviewer for this positive comment. No

action is required.

Query 4. Results: Are results presented clearly and analysed appropriately? Do the
conclusions adequately tie together the other elements of the paper?: it is fine but
5. Conclusions, Limitations, and Further Research Directions

Author advise to write all heading in subheading for better reader friendly manuscript
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Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.
As per the given valuable suggestions by our esteemed reviewer, we have incorporated two

subheadings for making this manuscript reader-friendly as follows:

On page 20, line number 738, we introduced the subheading “5.1 Conclusions” and on page
21 line number 791, we introduced the subheading “5.2 Limitations, and Further Research
Directions”. (Highlighted with yellow in the manuscript). We sincerely hope that the

modifications satisfy the concerns of our esteemed reviewer.

Query 5. Implications for research, practice and/or society: Does the paper identify clearly
any implications for research, practice and/or society? Does the paper bridge the gap between
theory and practice? How can the research be used in practice (economic and commercial
impact), in teaching, to influence public policy, in research (contributing to the body of
knowledge)? What is the impact upon society (influencing public attitudes, affecting quality
of life)? Are these implications consistent with the findings and conclusions of the paper?:
Author should write practical implications of the study.

Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.
As per the given valuable suggestion, we have further elaborated and improved the practical
implications in the “5.1 Conclusions” section on page 20, from line number 751 to 777, and
on page 21, from line number 779 to 794. (Highlighted with yellow in the manuscript). We
sincerely hope that the modifications satisfy the concerns of our esteemed reviewer. The

modifications are done as:

o Manufacturing variations may be identified using this innovative new metric. It is
impossible to establish the real cost-benefit of operations optimisation without separating
production variations.

o The proposed metrics are useful for manufacturing companies to use in order to
methodically conduct an in-depth analysis of the performance of their equipment, through
the lens of an understanding of the monetary benefits, in order to explicitly highlight their
profitability in both the short term and the long term.

e Case studies, both hypothetical and empirical, are presented to facilitate a greater
comprehension and the generation of new information about the optimal method by which
to evaluate the advantages gained through operations improvement in manufacturing
equipment.

Several manufacturing industries, including food and beverage, pharmaceuticals,
cosmetics, CPG (consumer packaged goods), aerospace and automotive, as well as
electronics, plastics and textiles, may benefit from the ISB and IEB metrics that have been
presented.
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It is important to emphasise that the suggested metrics are not an extension of performance
measures such as Overall Equipment Effectiveness, which quantify the effectiveness and
yield of processes. Instead, the ISB and IEB metrics assess the monetary advantages of
increasing equipment performance by isolating the influence of manufacturing changes.
This is done so that the metrics may be compared directly with one another. The ISB and
IEB metrics are not meant to be a substitute for other overall efficiency measures, nor do
they distort the current analyses, or vice versa. Instead, they are designed for practical use
and are not intended to be used instead of such measurements. It is up to the management
Jjudgments to decide if the ISB and IEB metrics should be used together or separately from
one another.

The ISB and IEB metrics mark a return to the use of financial measures for equipment
performance improvements as conceptualised by Ghalayini and Noble (1996). The ISB and
IEB measures have the following major characteristics:

o They are lagging indicators since they show the results of past decisions and actions.

o They can be used for corporate strategies to minimise production costs.

o They are relevant to manufacturing practice as they quantify performance improvement
efforts in financial terms.

o They are flexible as their format can accommodate different data types.

o They are non-expensive since their calculation only requires standard data that is easy to
obtain.

o They are intelligible since currency metrics are easily understood.

e They are an aggregate productivity measure as they do not over-emphasise any resource
nor neglect others.

o They do not compare to maximums or standards that may cope with continuous
improvement. Thus, they do not lead to dealing with discrepancies between actual and
standard. This protects against sub-optimisation by not using standards in its definition.

Query 6. Quality of Communication: Does the paper clearly express its case, measured against
the technical language of the field and the expected knowledge of the journal's readership? Has
attention been paid to the clarity of expression and readability, such as sentence structure,
jargon use, acronyms, etc.: conclusion should be written with more brevity. why author has
written following lines The main characteristics of the ISB and IEB metrics in conclusion. if it
1s necessary write then in very precise manner.

Response: We are extremely thankful to the esteemed reviewer for this insightful suggestion.
As per the given valuable suggestion, we have changed the statement as:

“The ISB and IEB measures have the following major characteristics” (Highlighted with
yellow in the manuscript). The other changes of conclusions are addressed in query 5 (see

above). We sincerely hope that the modifications satisfy the concerns of our esteemed reviewer.
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The revised manuscript as per reviewers’ feedback and Journal requirement is submitted for

your kind consideration.

We look forward to your positive response.

With Warm Regards

Corresponding author
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Measuring the Financial Impact of Equipment Performance
Improvement: ISB and IEB Metrics

Abstract

Purpose

Equipment performance helps the manufacturing sector achieve operational and financial
improvements despite process variations. However, the literature lacks a clear index or metric to
quantify the monetary advantages of enhanced equipment performance. Thus, the paper presents
two innovative monetary performance measures to estimate the financial advantages of enhancing
equipment performance by isolating the effect of manufacturing fluctuations such as product mix
price, direct and indirect characteristics, and cost changes.

Design/methodology/approach

The research provides two measures, [ISB (Improvement Saving Benefits) and [EB (Improvement
Earning Benefits), to assess equipment performance improvements. The effectiveness of the
metrics is validated through a three stages approach, namely: (1) experts' binary opinion, (2)
sample, and (3) actual cases. The relevant data may be collected through accounting systems,
purpose-built software, or electronic spreadsheets.

Findings

The findings suggest that both measures provide an effective cost-benefit analysis of equipment
performance enhancement. The measure ISB indicates savings from performance increases when
equipment capacity is greater than product demand. IEB is utilised when equipment capacity is
less than product demand. Both measurements may replace the unitary cost variation, which is
subject to manufacturing changes.

Practical Implications

Manufacturing businesses may utilise the ISB and IEB metrics to conduct a systematic analysis
of equipment performance and to appreciate the financial savings perspective in order to
emphasise profitability in the short and long term.

Originality

The study introduces two novel financial equipment performance improvement indicators that
distinguish the effects of manufacturing variations. Manufacturing variations cause cost
advantages from operational improvements to be misrepresented. There is currently no approach
for manufacturing organisations to calculate the financial advantages of enhancing equipment
performance while isolating production irregularities.

Keywords: operational excellence; equipment performance; monetary benefit; equipment
improvement; financial impact.

1. Introduction

Increasing competition and growing production capacity demand more resources
(Nadeem et al., 2018; Garza-Reyes et al., 2019) and consequently, the cost of resources
keeps increasing, creating a direct impact on both the producer and consumers (Golcher-
Barguil et al., 2019). Consumer demand for low prices leads to thin profit margins
(Andersson and Bellgran, 2015) and businesses face extreme pressure to deal with such
challenges. Subsequently, businesses need to formulate better operational excellence
strategies (Olhager and Persson, 2006; Wudhikarn, 2016) to reduce their costs. To do so,
businesses use performance measurement tools to analyse their operations and processes
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to achieve efficiency and effectiveness (Garza-Reyes et al., 2010; Olivella and Gregorio,
2015). Such measurement data is crucial in today’s dynamic and competitive
manufacturing environment (Goélcher-Barguil et al., 2019) as decisions cannot be based
on experiences and feelings (Tan and Noble, 2007).

Although continuous improvement of equipment performance is critical, there is a lack
of' metrics to show its monetary impact on the manufacturing cost (Gélcher-Barguil et al.,
2019). Financial departments periodically calculate product unitary costs but do not
establish a direct relationship with equipment improvement on the shop floor. Their main
concern is to determine the cost per produced unit; establishing the monetary benefits of
equipment performance improvement is usually left aside since subsequently it is
reflected in the product unitary cost. Financial departments use various management
accounting systems to determine product unitary costs, such as activity-based costing
(ABC) (Ozbayrak et al., 2004), throughput accounting (Dugdale and Jones, 1998),
traditional accounting (Wells, 2018), target costing (Sharafoddin, 2016), life cycle
costing, kaizen costing (Monden and Hamada, 1991) and many others.

Numerous approaches and systems are in place to measure the performance of equipment
(Braglia et al., 2008; Goélcher-Barguil et al., 2019). However, they are typically deficient
in explicitly reflecting the financial benefits (Griinberg, 2004). These performance
metrics fail to directly measure the financial benefits through equipment performance
improvement.

There are extensive cost accounting models that are particular to manufacturing
processes. However, these models do not provide clear metrics that illustrate the financial
gains that may be achieved via improvements in the performance of the equipment. The
objective of those methods is to provide a relationship between cost per part and process
parameters. Ozbayrak et al., (2004) have published an ABC model for a flexible
manufacturing system (FMS) cell. Their objective is to calculate the cost per part by
taking process parameters into the calculations; this provides a relationship between
process parameters such as processing time, scrapping and rework as well as product
unitary cost. Yamashina and Kubo, (2002) proposed manufacturing cost deployment, a
cost accounting model where costs are divided into fixed and variable costs. These costs
are then related to production losses with cost formulas based on cost per part. The authors
also proposed five metrics, each with a specific function to solve issues. Manufacturing
cost deployment is an instrument to recognise production losses and reduce costs;
nonetheless, the framework does not provide metrics that could directly calculate
monetary benefits due to equipment performance improvements. Kono and Ichikizaki
(2015) presented an economic evaluation scheme focused on yield improvement
activities from the perspective of savings and additional sales. This evaluation scheme
lacks insights when there is a capacity surplus and it is also sensitive to manufacturing
fluctuations.

The challenge is to find a set of metrics to estimate the monetary benefits of improving
equipment performance. Golcher-Barguil et al., (2019) proposed the OEP (Operational
Excellence Profitability) indicators as an approach to measure savings but it also is
deficient in providing a general indicator. Based on the aforementioned limitations of
metrics commonly used in manufacturing environments, this paper contributes to the
manufacturing management literature, and particularly manufacturing performance
measurement systems, by proposing two novel metrics, Improvement Saving Benefits

2
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(ISB) and Improvement Earning Benefits (IEB), which isolate the impact generated by
manufacturing fluctuations such as prices in raw materials, labour costs, production mix
and overhead cost variations. Thus, both metrics will effectively estimate the financial
benefits due to equipment performance improvement.

The overall structure of the paper consists of five sections. The introduction and the
justification for the study are presented in Section 1, whereas a literature review of
previous research on the topic of measuring the performance of equipment is discussed
in Section 2. The research methodology followed by the present study is introduced in
Section 3, which describes the suggested ISB and IEB metrics and their validation using
a three-phase strategy. Section 4 provides a brief discussion of the study. Finally, the
conclusions of the study are provided in Section 5, along with suggestions for further
research directions based on the findings of this study.

2. Literature review

The demand for strictly specified performance-measurement systems for industrial
processes has arisen as a result of the effort to improve productivity in the contemporary
world of global competition (Muchiri and Pintelon, 2008). The broad view on
organisational longevity is that initiatives must be devised to achieve a leg up on the
competition (Nyambane and Bett, 2018). In a chaotic environment where businesses are
forced to meet consumer demands for quality, affordability, flexibility, and delivery dates
(Haddad et al., 2021), coupling proactive requirements to the early advantage is vital for
a firm's survival (Abdulkareem et al., 2013).

Customers' demands and environmental and social concerns put pressure on businesses
to build quality items and produce effectively as quantity is also important (Ahmed and
Pise, 2019). To tackle this challenge, manufacturing firms must examine their operational
constraint areas to attain lean and agile operations (Stamatis, 2010). For example,
Stamatis (2010) suggests that Total preventive maintenance (TPM) is a phenomenon that
explains how to eradicate various wastes and addresses the effectiveness of equipment.
Therefore, the metrics that evaluate how well a piece of equipment is used are valuable,
as it is usually these efficiency measures that lead to the discovery and eradication of
concealed production losses (Zammori, 2014).

For quantifying the productivity of separate machines in a plant, Nakajima (1988)
established a quantitative indicator termed overall equipment effectiveness (OEE). It
analyses and quantifies losses in key manufacturing parameters such as availability,
performance, and quality. This enhances the efficiency of equipment and, as a result, its
productivity. The OEE idea is gaining traction and has been widely adopted as a
quantitative method for measuring productivity (Tsarouhas, 2012). However, despite its
broad industrial application, the topic of how one should accurately evaluate OEE has not
been successfully addressed (Zammori, 2014). Its because all occurrences that can
degrade an equipment's performance must be divided into six 'major losses', which
include breakdowns, set-ups, idling, reduced speed, defects, and lower yield. However,
various past scholars such as Tsarouhas (2013), Tsarouhas (2012), Ron and Rooda
(2006), and Bulent et al. (2000) used OEE as a tool to measure and track equipment
performance over a period of time. Nevertheless, OEE can not be used as a measuring
tool/ philosophy/metric to evaluate the financial benefit of equipment effectiveness.

Both academics and practitioners are still debating how to properly evaluate the financial
influence on managerial outputs (Kono and Ichikizaki, 2015). Improvements in operating
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procedures result, for example, in a reduction in the number of man-hours, which is
essential for efficient everyday operations. Therefore, businesses should devise
approaches to maximise the flexibility and efficiency of their operations. Furthermore,
manufacturing companies should also concentrate on lowering the cost of production,
profit growth, and boosting the efficiency and productivity of manufacturing processes
simultaneously (Godina et al., 2018; Abdul Rasib et al., 2019).

Apart from productivity, manufacturing cost or product unitary cost is also an important
key measure of performance (Andersson and Bellgran, 2015). These costs are the
summation of various costs, such as raw material costs (Huang and Yang, 2016), direct
labour costs (Wacker et al., 2006), spare parts costs (Hu et al., 2018), and other overhead
costs (Golcher-Barguil et al., 2019).

The product unitary cost varies due to manufacturing fluctuations and equipment
performance (Golcher-Barguil et al., 2019). Manufacturing fluctuations are variances that
are external to the shop floor and are normally the result of labour costs, raw and
packaging materials prices, production mix, production demand and parameters of direct
and indirect costs (Golcher-Barguil ef al., 2019). Although the product unitary cost is
significantly impacted by equipment performance (Taleb ef al., 2014; Andersson and
Bellgran, 2015) and can vary over time, equipment performance is still not considered a
manufacturing fluctuation as it is inherent to the shop floor. Just as the process efficiency
and yield impact the operational/equipment performance (Jaeger et al., 2014), similarly
the product unitary cost is impacted by process losses in materials and time. Any loss in
semi-finished and/or finished products will require more materials and time to match the
production output with the required quantity of finished goods.

Multiple factors can impact the variation in the price of raw and packaging materials at
any given time (Griinberg, 2004; Liu and Yang, 2015). These factors could be fluctuation
in price from suppliers, market price fluctuation of different elements, using different
vendors’ materials etc. (Golcher-Barguil ef al., 2019). Likewise, labour costs can vary
(Garza-Reyes, 2015; Huang and Yang, 2016) due to an increase in salaries for the
workforce, new labour, new strategies for employee retention etc. Variations in overhead
costs can make a significant impact on production costs; for instance, variation in the
electricity price per kWh, the cost of extra hours by maintenance experts, bunker price
per kg plus other factors.

Production mix denotes the number of types of finished goods produced per interval of
time (Fernandes et al., 2012). The variation in the production mix is completely
dependent on product demand and the decisions of management. A company may choose
to produce a certain product in low or high quantity at the interval of their choice; it might
produce product A in less quantity than product B during the first month and vice versa
in the second. Production mix variation directly impacts the product unitary cost as the
raw material composition and resource (e.g. packaging materials, labour cost,
consumable cost) requirements might be different as the equipment might process each
product with different theoretical rates.

The product unitary cost commonly fluctuates each week or month due to equipment
performance and manufacturing fluctuations. To the best of the authors’ knowledge, till
present, there is no known method for manufacturing companies to determine the
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monetary benefits gained through equipment performance improvement while isolating
the variations of manufacturing fluctuations.

Past scholars have developed some metrics for measuring the performance of various
sections of the production cycle. For instance, OLE (overall line effectiveness) was
proposed by Nachiappan and Anantharaman (2006) to assess the continuous line
manufacturing system performance with the assumption that OEE can only be used for
individual machines rather than the overall machine assembly. Similarly, Garza-Reyes
(2015) developed ORE (overall resource effectiveness) after realising that OEE does not
account for the efficient use of resources and materials. Some other studies, such as that
of Ron and Rooda (2006) introduced (E) equipment effectiveness as a method for
determining the efficacy of separate equipment. A brief history of various propositions
for performance measurement metrics is provided in Table 1.

Table 1. Propositions of performance measurement metrics

S.No. | Metrics Measurement Reference
1. | OPE (overall process | Considers losses to the overall | Al-Najjar, 1997
effectiveness) process rather than  just
individual equipment
2. | OFE (overall factory | It measures the efficiency of | Scott and Pisa,
effectiveness) procedures that involve several | 1998
machines or operations
3. | OFE (overall fab |1t considers specific | Oechsner et al,
effectiveness) manufacturing equipment's | 2002
operation with respect to other
operational equipment
4. | OLE (overall line | OLE assesses the continuous | Nachiappan  and
effectiveness) line manufacturing system | Anantharaman,
performance 2006
5. | (E) equipment | It determines the separate | Ron and Rooda,
effectiveness equipment efficiency 2006
6. | OTE (overall | OTE quantifies performance at | Muthiah and
throughput the plant level Huang, 2007
effectiveness
7. | OEEML (overall | Rather than focusing on | Braglia et al., 2008
equipment individual pieces of equipment,
effectiveness of the | OEEML evaluates the overall
manufacturing line) performance of a manufacturing
system
8. | SOEE (stochastic | It discovers the hidden losses | Zammori et al.,
overall equipment | that constitute the majority of | 2011
effectiveness) the variation and assesses the
efficiency and efficacy
consequences  of  various
corrective measures
9. | FOEE (fuzzy overall | FOEE looks into the | Zammori, 2014
equipment fundamental causes of
effectiveness) production losses and modeling
them as LR fuzzy numbers to
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monitor daily swings in
manufacturing performance
10. | ORE (overall resource | ORE assesses total | Garza-Reyes, 2015
effectiveness) effectiveness, the classic OEE
metric  was amended by
incorporating material
efficiency and material and
operation cost
11. | OME (overall | OME does not only understand | Braglia et al., 2018
material usage | but also spots potential cures to
effectiveness) material-related concerns

Based on the literature review conducted and the aforementioned discussion, the
following research gaps were identified:

e There is no research conducted that explores the financial benefits of a more
effectively managed equipment performance.

e Although past studies are available to determine and track the effectiveness of
equipment/machinery, no past studies are available in the field of metric development
to assess the direct or indirect financial benefits of equipment performance.

Therefore, ISB and IEB metrics have been designed for this purpose to identify the
financial benefits of improving equipment performance while isolating the impact of
manufacturing fluctuations.

3. Research Methodology

The detailed research flow of the current study is illustrated in Figure 1. First of all, a
comprehensive literature review was conducted to search the existing work done in the
field of equipment performance assessment. All of the authors of this paper have
significant industry knowledge and experience. Additionally, the authors are involved in
consultancy projects in the manufacturing industry related to equipment assessment.
Based on their industry experience and knowledge, two metrics (ISB and IEB) were
theoretically proposed to measure the monetary benefit of better equipment performance.
The proposed metrics are based on the authors’ knowledge and industrial experience.

Since there could have been some biases in the development of the metrics owing to the
propositions coming from the knowledge and experience of individuals, it was necessary
to validate the metrics qualitatively and quantitatively to provide a strong foundation for
the proposed idea. Thus, the current research followed a three-phase validation approach
to support the development of the ISB and IEB metrics. The first phase involved the
binary opinion of the industry experts for introducing these two metrics. The binary
opinions were recorded as simple “Yes” and “No” for the acceptance or rejection of the
proposed metrics. After the qualitative validation of both metrics, the research proceeded
into the quantitative validation of the metrics through a sample and real cases.
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Literature Review on Monetary benefits of
equipment performance improvement

Research Gap (No such metrics found to
measure the monetary benefitof better
equipment performance)
Metrics Proposition (Based on Expert
knowledge and Industry experience)

A ¥
4 ™\
Improvement Improvement
Saving Benefits Earning Benefits
(ISB) (IEB)
vy
v Yy

A THREE _} """,
| Metrics validation (ISB & 1EB) through binary :
: P opinion of experts '
1P ,
1 PHASE A 4 :
: R [ Metrics validation (ISB & IEB) through sample :
Xe) cases (four cases) |

|
: VALIDATION :
: Metrics validation (ISB & IEB) through actual [
: H case (Mexico manufacturing firm) :
S R :

Discussion, implications, conclusions,
limitations and future research directions

Figure 1. Research flow diagram

3.1 Proposition of ISB and IEB metrics

ISB (Improvement Saving Benefits) metric is developed to measure the monetary saving
benefits of improving equipment performance when the equipment production capacity
is higher than the product demand while separating the impact of manufacturing
fluctuations.

Consider the equipment in Figure 2. It processes the resources into outputs as produced
and rejected parts. Resources contemplate raw materials, packaging materials, labour,
electrical energy, water and other consumables. To establish saving benefits, the ISB
metric compares the equipment’s current time period unitary resource consumption with
the unitary resource consumption of a base time period. The unitary resource
consumption for a specific period is defined as the resource consumption divided by the
production. For example, if during a period of time a piece of equipment had a 7 kWh
electrical energy consumption and a production of 14 kg, then the unitary electrical
resource consumption is 0.5 kWh per kg.
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s produced parts

resources equipment
I qup == rejected parts

Figure 2. Equipment model.

ISB is calculated for every resource consumption of the equipment. If during the current
period there have been unitary resource consumption savings compared to the base
period, then the value of the ISB metric is a positive number, in currency units. Quite the
reverse, if during the current period there have been unitary resource consumption losses
in comparison with the base period, then the value of the ISB metric is a negative number,
in currency units. In Figure 3, ISB shows positive savings during four periods while there
has been a loss during the fifth period. The periods could be time intervals such as days,
weeks, months and/or years.

ISB

+ savings

Z

-

=

=

z

E base b I N I D R *

ase

-

P ari 1 2 3 4 5 6
period

a ;

- loss

time periods

Figure 3. ISB savings-loss graph.

The metric is a monetary performance indicator. ISB determines if a piece of specific
equipment is monetarily performing better based on its unitary resource consumption. It
is defined for the current period as:

base resource
(consumption) (factor B ) x ( consumption
ISB = - x
base current
(production) (factor A) x (production)

current resource)

current current unitary 1
production resource cost ( )

The ISB expression is constituted by three terms. The first term is the difference between
the unitary resource consumption of the base and current periods. These unitary resource
consumptions are firstly subtracted with the result multiplied by the current unitary
resource consumption cost; the price cost variation between time periods is thus
mitigated, as well as the overhead cost parameter variations.

The resource consumption is the amount that the equipment consumes of a specific
resource for the period and shall preferably be expressed in technical units of measure
instead of currency units; for example, kWh if the resource consumption is electrical
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energy. The production is the number of produced units for the period and could be
expressed in counting, volume or mass units of measure; for example, the number of
kilograms of finished products in the food industry. The current unitary resource cost is
the current consumption cost per current resource consumption in technical units of
measure, for example, USD$ per kWh.

Factors A and B are introduced in the ISB expression to better compare the base and
current unitary resource consumptions. The intention is that these factors balance out the
production-mix manufacturing fluctuation. Figure 4 shows the expressions of factor A
and factor B that are used depending on the type of relation between the resource
consumption rate and the equipment production rate.

Resource Consumption
Rate
A

CONSTANT

ical units / time

Equipment Production 5 Equipment Production
Rate Rate
produced units / time

base average theoretical production rate

factorA=1 factor A= en average theoretical production rate

factor B=1 factorB=1

Resource Consumption Resource Consumption
Rate

SEMI-LINEAR £

techn
h

Equipment Production
Rate

Equipment Production
Rate

produced units / time

f A= base average theoretical production rate _ basc average theoretical production rate
actor A = " rent average theoretical production rate factor A= ot average theoretical production rate
base average theoretical crew size

factor B=1 = -
factor B current average theoretical crew size

Figure 4. Factors A and B for each resource consumption rate type

There are four types of resource consumption rates as portrayed in Figure 3 and their
definition is provided below. These are novel classifications proposed to better compare
productions between periods:

e Linear: when resource consumption rate is proportional to equipment production rate.

e Constant: when resource consumption rate does not vary with equipment production
rate.

e Semi-Linear: when resource consumption rate in relation to the equipment production
rate 1s piece-wise proportional.

e Semi-Constant: when resource consumption rate in relation to the equipment
production rate is piece-wise constant.
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Typical linear type resources are raw materials, primary packaging materials and
secondary packaging materials. If the equipment scrap is thought of as an input, then raw
material losses and packaging material losses are considered linear resources. The core
understanding here is that the equipment needs raw material and output scrap to process
output units. This concept allows the application of ISB to scrap losses, either from raw
or packaging materials.

Resources such as electricity, diesel, oil, gas or steam are typically considered to be semi-
linear type resources. If the equipment’s production rate is increased, semi-linear
resources tend to slightly increase their consumption rate in a relatively small proportion.
In essence, it can be conceptualised as if the semi-linear resources have two elements,
fixed and variable. The fixed element of the consumption rate represents a constant
consumption irrespective of the equipment production rate, while the variable element is
proportional to the production rate of the equipment. In practice, the fixed element is more
predominant than the variable element. As the equipment is run at higher production rates,
the resource consumption rate will slightly increase. A production mix, producing
finished products with a higher rate of production is likely to indicate just a minor increase
in the rate of resource consumption. Thus, the unitary resource consumption will tend to
decline with a higher production rate since the minor rise in resource consumption is
overwhelmed by the rise in production units.

Other resources that are typically considered semi-linear types are maintenance labour
extra time, corrective/preventive maintenance of spare parts and material handling since
their consumption rates can also be related to production speed.

Constant type resources are the ones whose consumption rates do not depend on the
equipment production rate. Typical constant resources are equipment depreciation and
maintenance labour. Semi-constant resources are those whose consumption rate does not
depend on the equipment’s production rate but the constant value itself changes regardless
of the equipment’s production speed. A common semi-constant resource is direct labour
in highly automated processes. The equipment might be operated with a bigger crew size
for specific products to handle a special production condition or when overtime wages
result from a task.

There are resources whose consumption rate type varies per industry. Water is a linear
type if the resource is only used as part of the finished product; but if water is also used
for cleaning or wash-ups, then it is a semi-linear resource because the fixed consumption
overwhelms the variable consumption component. Additionally, water is a constant-type
resource if it is only used for cleaning and wash-ups. Another example is direct labour.
Direct labour is usually a semi-constant resource but there are some factories where direct
labour is paid per produced unit; in this case, direct labour is a linear type of resource.

Before calculating the ISB for any resource, its consumption rate behaviour must be
determined to assign it to the correct resource consumption rate type as shown in Figure
4.

The average theoretical production mix rate characterises the production mix for the given
time interval; it is an effective figure of merit that measures the production mix. By
incorporating factor A, the current unitary resource consumption is compared in a more
logical way to the base unitary resource consumption. Factor A is defined as:

10
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base average theoretical production mix rate ) (2)

actor A = . - .
f (current average theoretical production mix rate

If the base average theoretical production mix rate is lower than the current average
theoretical production mix rate, then factor A will decrease the production outputs for the
current time interval. If the base average theoretical production mix rate is higher than
the current average theoretical production mix rate, then factor A will increase the
production output for the current time interval. Thus, the effect of the production mix is
compensated.

If the equipment runs only one product, then factor A is equal to one since it always runs
with the same theoretical rate during any given period. But if the equipment runs multiple
products with the same theoretical production rate, then factor A is also equal to one since
it always runs with the same theoretical rate during any given period.

Factor B is similar to factor A. It compensates for crew size variations using the required
theoretical crew size for each product run in the equipment. It is specifically used for
labour resource consumption. Factor B is defined as:

base average theoretical crew size ) (3)

factor B = - .
current average theoretical crew size

The ISB metric does not consider the earnings from additional sales that an equipment
improvement might attain when the product demand is higher than the equipment’s
current capacity. ISB metric only takes into account savings when the product demand is
lower than the total capacity. The manufacturing fluctuations are mitigated by using ISB.
It enables manufacturing organisations to effectively measure the monetary savings of
improving equipment performance.

IEB (Improvement Earning Benefits) metric is developed to measure the monetary
earning benefits of improving equipment performance when the equipment production
capacity is less than the product demand. While ISB is calculated for resources, the IEB
metric is based on the earnings coming from the additional sales obtained from the added
production due to equipment performance improvement. IEB is expressed as:

_ current base current unitary current unitary
IEB = ((factor A )(production) - (production )) x (( sales price ) - ( variable cost )) (4)

The IEB expression is constituted by two terms; the first is the additional production due
to performance improvement while the second is the unitary earnings. Factor A balances
out the production mix. The current unitary sales price and the current unitary variable
cost are usually an average of all finished products.

The current unitary variable costs should only take into account the variable costs that
were required for the additional production. For example, if the equipment production
crew size during the current period is the same as that of the base period, then the direct
labour costs must not be included in the current unitary variable cost because the
additional production did not require more personnel. Since the fixed costs remain

11
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constant during the base and current periods, these costs are not considered in the second
term of the IEB equation. In other words, the additional production occurs under the same
fixed costs.

In factories with multiple pieces of equipment, it is recommended to calculate ISB/IEB
for entire production lines using the line bottleneck equipment rates for factor A. This
will ease the number of calculations, avoid the interdependence of individual equipment
and will help to include all resource consumption. It is also preferable not to mix batch,
continuous and discrete type processes in the same consolidated production lines; for
example, a batch process will be treated separately from a packaging line. When a
production process has a main production line with multiple entries of sub-assembly lines,
then it is recommended to calculate ISB/IEB only on the main production line,
considering the multiple entries as incoming raw materials; nonetheless, the ISB/IEB
metrics could also be applied for each individual sub-assembly line.

To provide a more comprehensive understanding of ISB and IEB, the following two
sections present their applications through sample and empirical cases.

3.2 Validation of ISB and IEB metrics
A three-phase validation approach was followed to support a robust validation of the
proposed metrics. The validation phases are discussed in the following sections.

3.2.2 Phase 1: The binary opinion of the experts

Phase 1 involved 13 shop floor experts with a minimum industry experience of 15 years.
A questionnaire was prepared with the objective of acceptance or rejection opinion for
the validation of both metrics. The questionnaire was distributed to the industry experts,
and their binary responses “Yes” or “No” were recorded. The decision for accepting or
rejecting the ISB and IEB metrics was made as per the experts’ response. If the majority
of responses led to “No”, then, the rejection of metrics would have been decided or vice-
versa. A summary of the experts’ profiles is provided in Table 2.

Table 2: Experts' profile summary

S.No. | Field of specialisation Industry Total Percentage of
experience | number of | individual field
(in years) | responses response with respect
received to the overall response
1. | Lean experts 17-22 4 30.77%
2. | Total Productive 19-27 6 46.15%
Maintenance (TPM)
Consultant
3. | Shop floor supervisor 15-21 3 23.07%

Table 2 illustrates the diversity in the profile of the industry experts, which reduced the
possibilities of bias. Furthermore, Table 3 shows the binary opinion of the experts on the
acceptance and rejection of ISB and IEB metrics.

12
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Table 3. Binary responses from experts for the acceptance/rejection of ISB and IEB

S.N | Field Industry | Total Experts’ responses | Experts’ responses
0. specialisati | experien | number | for ISB “Metrics” | for IEB “Metrics”
on ;Zars) (in ;)efspons Ye | N | Majority | Ye | N | Majority
os s | o Trend s | o Trend
) (Toward (Toward
received
s) s)
1. | Lean 17-22 4 3 1 Yes 4 10 Yes
experts (75%) (100%)
2. | Total 19-27 6 5 1 Yes 4 | 2 Yes
Productive (83.33% (66.67%
Maintenanc ) )
e (TPM)
Consultant
3. | Shop floor | 15-21 3 310 Yes 2 |1 Yes
supervisor (100%) (66.67%
)

Table 3 presents the responses of the participant shop floor experts. The experts’
responses suggested the majority trend by selecting the “Yes” or “No” option on the
effectiveness of both metrics. Table 3 indicates that the majority of experts responded
“Yes”, i.e. positively, to both metrics (ISB and IEB). This meant that the experts’ opinion
validated both metrics as an effective approach for measuring the monetary benefit of
equipment performance.

3.2.2 Phase 2: Sample Cases

Phase 2 presents a total of four sample cases for the equipment condition where the
current equipment capacity is higher than the product demand. The first case illustrates
the practicality of the proposed ISB metric in determining the savings benefits due to
equipment performance improvement. The second case shows the efficacy of ISB in
isolating the impact of the manufacturing fluctuation product mix and presents the actual
savings benefits attained through equipment performance improvement. The third case
shows the savings benefits of increasing throughput with the same resource consumption.

Sample Case 1
Consider equipment whose current production is equal to the base production period. Its

current resource consumption is ninety per cent of the base resource consumption. The
specific resource to be evaluated is a linear type, thus factor A and factor B are equal to
one. The current-period ISB for the specific resource is calculated as:

base resource) (current resource) current unitar
: % ) y
. (consumptzon ~ (factor B) consumption ( current ) resource
- base 4 current production cost (5)
production (factor A) x production
(base resource) (1) %0 9(base resource)
1SB consumption 7\ consumption current current unitary
- current - current X \production resource cost
(production) 1) % (production)

13
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ISB = (OII(base resource)) (current unltary)

consumption resource cost

base resource )

ISB = 0'1(consumption cost

In this case, the ISB indicates that due to equipment performance improvement the
savings are equal to ten per cent of the base resource consumption cost.

Sample Case 2
Consider equipment whose current production is equal to the base production period. Its

current resource consumption is ten per cent more than the base resource consumption.
The specific resource to be evaluated is a constant type with factor B set to 1 and factor
A at 1.1 since the equipment was running products with a theoretical speed ten per cent
higher during the base period than during the current period. The current-period ISB for
the specific resource is calculated as:

base resource current resource current unitar
ISB (consumption) (factor B ) x ( consumption ) ( current ) resource Y
- base B 4 current production cost (©)
production (factor A) x production
base resource (1) % (1.1) x base resource current unitary
ISB COnSumpthn ) COnSumpthn ( current ) resource
= — X .
current 11 current production cost
production (1.1) x production

current unitary
resource

ISB = (0) x ( cost

ISB=0

In this case, the ISB indicates that due to equipment performance improvement there are
no savings since during the base period the equipment was running ten per cent faster
than the average theoretical speed.

Sample Case 3
Consider equipment whose current production is five per cent more than the base

production period. Its current resource consumption is the same as the base resource
consumption. The specific resource to be evaluated is a linear type, thus factor A and
factor B are equal to one. The current-period ISB for the specific resource is calculated
as:

base resource current resource current unitar
(consumption) (factor B) x ( consumption ) ¢ resource Y
ISB = _ « ( curren ) % 7
base 4 current production cost ™
production (factor 4) x production

14
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base resource 1 base resource current unitary

consumption consumption current resource
ISB = _ ( . )

1 current (1) x ( current ) production cost

1_05(production ) production
current unitary
base resource resource
ISB = 0'05( consumpti )
ption cost

ISB = 0.05(base resource consumption cost)

In this case, the ISB indicates that due to equipment performance improvement the
savings are equal to five per cent of the base resource consumption cost.

An additional sample case is presented for the equipment condition where the current
equipment capacity is lower than the product demand.

Sample Case 4
Consider equipment whose current production is five per cent more than that of the base

production period. Factor A is 1.1 since the equipment was running with a theoretical
speed ten per cent higher during the base period than during the current period. The
current-period IEB is calculated as:

IEB = ((factorA )( current ) _ ( base )) ((current unltary) _ (current umtary))

production production sales price variable cost

®)

_ base base current unitary current unitary
IEB = ((1'1)((1'05)(pr0duction )) - (production )) (( sales price ) - ( variable cost ))

IEB = ((1.155)( base ) _ ( base )) ((current unitary) _ (current unitary))

production production sales price variable cost

IEB = (0.155)( base ) ((current unltary) _ (current unltary))

production sales price variable cost

In this case, the IEB indicates that due to equipment performance improvement, the
earnings are equal to 0.155 times the base production multiplied by its current unitary
earnings.

3.2.2 Phase 3: Empirical Case

Phase 3 presents an empirical case in a specific production line of a major food and
beverage manufacturing company in Mexico. The manufacturing facility has eight
production lines. Each packaging line has a preparation and mixing area that feeds the
product into the filler machine. Figure 5 shows the typical production line layout.

—»| Unpacker — Filler [— Capper [—{ Pasteurizer— Labeller — Packer |— Palletiser |—

A

Preparation
& Mixing

Figure 5. Typical production line layout
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The line bottleneck is the filler machine, which has a capacity bigger than the product
demand. Hence, the ISB metric can be used to determine the savings benefits due to
performance improvement. The company has trained its plant floor personnel in
operational excellence initiatives. It was determined to measure ISB in one packaging
line, considering the product input to the filler machine as incoming raw material. ISB
was calculated for two months. The base month is January while the current month is
February. This line processes almost thirty finished products with different theoretical
production rates. The theoretical production rates of the bottleneck vary due to primary
packaging container size and product viscosity requirements.

In this packaging line, the company produced 394,205.40 kg of the finished product
during the base period, with an average theoretical production rate of 40.57 kg/min at the
bottleneck. During the current time interval, the equipment’s production output was
558,391.62 kg of finished product with an average theoretical production rate of 39.22
kg/min at the bottleneck. All accounting data was taken from the factory ERP (Enterprise
Resource Planning) and the bottleneck theoretical production rates came from a
spreadsheet.

The packaging line consumes the resources of electricity, water, bunker, raw material
scrap, packaging material scrap, maintenance spare parts and extra time for maintenance
labour. The ISB metric is calculated for each one of these resources. Equipment
depreciation was not considered as the depreciation period had already ended. Direct
labour was not considered because the factory did not record the number of direct labour
personnel on the plant floor at any given time. Other resources consumed at the
production line were not taken into account.

The value of factor A is 1.03 and is calculated as follows:

base average theoratical production mix rate 40.57

factor A = 1.03 9

current average theoretical production mix rate  39.22

The ISB is used to establish the performance improvement savings benefits for the
electrical energy resource. The electrical energy resource is a semi-linear type in the
factory, therefore factor B is equalled to one. The factory provided the electrical resource
consumption for the equipment in kWh at a current unitary electrical cost of USD $0.09
per kWh. The ISB for the electrical energy resource is calculated as follows:

- production

Is base electrical consumption  current electrical consumption ( current ) current unitary
electrical cost

) (10)

base production B factor A x current production

using the factory provided data:

34,652.00 KWh 4789178 KWh
39420540 Kg  1.03 x 558,391.62 Kg|

ISB (electrical) = [ (558,391.62 Kg)(0.09 USD$/KWh) = + USD $232.89

The ISB is used also to establish the performance improvement savings benefits for the
water resource. In this factory, the water resource is considered a constant type, hence
factor B is equalled to one. The factory provided the water resource consumption for the
equipment in m? at a current unitary water cost of USD $1.14 per m3. The ISB for the
water resource is calculated as follows:
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IsB =

base waterconsumption current water consumption current current unitary
base production T factor A x current production

production water cost ) (11)

using the factory provided data:

4,134.25 m® 4,790.35 m®
394,205.40 Kg  1.03 x 558,391.62 Kg

ISB (water) = [ ] (558,391.62 Kg)(1.14 USD$/m?) = + USD $1,374.08

Now, the ISB is used to establish the performance improvement saving benefits for the
bunker resource. In this factory, the bunker resource is considered a semi-linear type,
hence factor B is equalled to one. The factory provided the bunker resource consumption
in kilograms at a current unitary bunker cost of USD $1.77 per kg. The ISB for the bunker
resource is calculated as follows:

153:(

base bunker cost consumption current bunker cost consumption ) ( current ) (current unitary

base production " (factor A) x (current production) production bunker cost ) (1 2)

using the factory provided data:

18,692.40 Kg 24,353.15Kg
394,205.40 Kg  1.03 x 558,391.62 K,

ISB (bunker) = [ g] (558,391.62 Kg)(1.77 USD$/Kg) = + USD $5,016.06

The ISB is used similarly to establish the packaging line performance improvement
savings benefits for the raw material scrap resource. Since the raw material scrap resource
is a linear type, both factors A and B are equalled to one. The factory provided the raw
material scrap in kilograms at an average current unitary raw material cost of USD $1.14
per kg. The ISB for the raw material scrap resource is calculated as follows:

15B = (

base raw material scrap current raw material scrap current (current average unitary
) production )

(13)

base production - current production raw material cost

using the factory provided data:

[2444971Kg  41,254.08Kg
|394,205.40 kg ~ 558,391.62 Kg

ISB (raw material scrap) = ] (558,391.62 Kg)(1.14 USD$/Kg) = — USD $7,548.05

Additionally, the ISB is used to establish the performance improvement savings benefits
for the packaging material scrap resource. Since the packaging material scrap resource is
a linear type, both factors A and B are equalled to one. The factory provided the packaging
material scrap resource consumption in currency units instead of counting units; thus the
term (current unitary consumption cost) is dropped from the ISB formula. This makes the
metric sensitive to manufacturing fluctuation price variations. The ISB for the raw
material scrap resource is calculated as follows:

base packaging current packaging
(material scrap cost cansumption) (material scrap cost consumption) current
ISB = base production - current production (production) ( 14)

using the factory provided data:

[USD$6,684.44 USD$1160179) . .. s imais
39420540 kg ~ 558391.62 kg | O°8391:62K9) = —USD$2,133.

ISB (packaging material scrap) =

17



oNOYTULT D WN =

627
628
629
630
631

632

633
634
635

636

637
638
639
640
641
642
643
644
645

646

647
648
649

650

651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671

Benchmarking: an International Journal

The ISB is now used to establish the performance improvement savings benefits for the
maintenance labour extra time resource. Since this resource is a semi-linear type, factor
B is equalled to one. Thus, the ISB for the maintenance labour extra time resource is:

base maintenance labour current maintenance labour
extra time consumption extra time consumption

ISB = ( current ) ( current unitary )

production consumption cost, (15)

(base production ) " (factor A) x (current production)

using the factory provided data:

|'17.0 man hours 33.1 man hours 1 558,391.62 K4)(4.03 USD$ A
| 39420540 kg ~ 1.03 x 55839162 Kg| C839162 KO / man hour) =

ISB (maintenance labour extra time) =

—USD $32.46

The ISB is used to establish the performance improvement savings benefits for the
maintenance spare parts resource. Since the maintenance spare parts resource is a semi-
linear type, factor B is equalled to one. The factory provided the maintenance spare parts
resource consumption for the equipment in currency; thus the term (current unitary
consumption cost) is dropped from the ISB formula. This makes the metric sensitive to
manufacturing fluctuation price variations. Hence, the ISB for the maintenance spare
parts resource is calculated as follows:

base maintenace spare parts cost consumption current maintenace spare parts cost consumption) ( current

ISB = ( - productian) (16)

base production current production

using the factory provided data:

USD $3,118.43 USD $4,968.29
394,205.40 Kg  1.03 x 558,391.62 K,

ISB (maintenace spare parts) = g] (558,391.62 Kg) = — USD $406.33

The total ISB for the various resources consumed in the equipment is:

Total ISB = ISB(electrical) + ISB(water) + ISB(bunker) + ISB(raw material scrap) +
ISB(packaging material scrap) + ISB(maintenance labour extra time) +
ISB(maintenance spare parts) = - USD $3,496.94

The total ISB shows that there are negative saving benefits due to line performance
improvement. Some individual ISBs show losses, in particular, scrap generation due to
raw and packaging materials. It is here where Ferdows and De Meyer's (1990) Sand Cone
model might become useful to determine if factory personnel are following the right order
of improvement.

The electrical, water and bunker ISBs exhibit saving benefits. It is likely that during the
current period, there were fewer downtime or speed losses. Nonetheless, the raw material
and packaging material scrap ISBs show losses; hence, this means that during the current
period, there were more out-of-specification products. The root causes could be diverse;
it could mean incorrect labelling of finished products, product attributes not acceptable,
more scrap due to higher velocities etc.
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The factory now has a metric to determine if its operational excellence initiatives are
financially beneficial and can pinpoint where exactly the equipment losses are coming
from.

4. Discussion

The ISB and IEB metrics were developed to specifically calculate the actual financial
benefits gained due to equipment performance improvement, which other metrics are not
able to do (Griinberg, 2004). The ISB and IEB metrics effectively isolate the impact due
to manufacturing fluctuations such as prices in raw materials, labour costs, production
mix and overhead cost variations, which other metrics such as the economic evaluation
scheme (Kono and Ichikizaki, 2015) are not able to do. Calculations are made by
comparing the current period with a base time interval.

The impact of manufacturing fluctuations is compensated by using factors A and B (see
Section 3) and by subtracting first the technical unitary resource consumptions prior to
multiplying them by monetary numbers. Through this compensation, the ISB and IEB
metrics specifically analyse and indicate if there are benefits due to implementing
improvement strategies. Other metrics such as manufacturing cost deployment
(Yamashina and Kubo, 2002) are not able to differentiate the benefits as it relates the cost
to production losses.

It is generally assumed that equipment performance improvement will result in saving
benefits, particularly in monetary terms. However, that may not be always the case. For
example, while a manufacturing facility may improve its equipment’s overall
effectiveness, this may not be translated into better financial performance. In this regard,
the empirical case presented in Section 5 shows that the performance improvements
resulted in saving benefits in terms of time. However, the ISB reported negative saving
benefits due to losses in packaging and raw materials yield levels. Without the ISB, such
differentiation to specify the origin of losses would not have been possible.

Similarly, the sample cases exemplify the practical utilisation of the ISB metric to
determine the saving benefits owing to equipment performance improvement (see sample
case 1). Furthermore, the second sample case illustrates how the impact of the
manufacturing fluctuation product mix can be isolated to clearly define the actual saving
benefits achieved as a result of the improvement in equipment performance. Without
isolating the impact of manufacturing fluctuations, the true value of saving benefits can
go undetected. Therefore, the ISB’s ability to specifically isolate this impact helps
determine the actual saving benefits which other metrics are not capable of.

While the ISB metric is useful to understand the improvement benefits from the resources
perspective, the IEB metric determines the earnings coming from the additional sales due
to added production as a result of equipment performance improvement. The IEB metric
is exemplified through sample case 4.

In practical terms, as reflected in the empirical case (see Section 5), the data needed for
the ISB and IEB metrics are easily available and collectable from the accounting system
and/or purpose-built software or electronic spreadsheets. This makes the proposed
metrics even more attractive and useful for the manufacturing sector to analyse
performance improvement in their production equipment as an alternative to using the
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variance in the product unitary cost, since this is highly sensitive to manufacturing
fluctuations. The ISB and IEB metrics can easily be adopted into a firm’s existing system
of analysis that feeds into the information platform for management’s strategic decision
making. Moreover, managers can use this data to improve their production processes and
operations.

5. Conclusions, Limitations, and Further Research Directions

5.1 Conclusions

Present-day businesses are under immense pressure to continuously evolve performance
improvement to remain competitive in a rapidly growing industrial era. For this, managers
need to make decisions that result in adding value through the optimisation of operations
and processes. To do so, managers need precise data to understand how their performance
improvement strategies contribute to the firm’s monetary success and likewise make
better-informed decisions to formulate the right course of operational improvement.

The proposed novel ISB and IEB metrics were developed to measure the benefits
achieved through the improvement of operations in manufacturing equipment. These
unique metrics cover the missing elements (gap) identified in Section 1. The major
contributions of each metric, and hence the present work, are as follows:

e Manufacturing variations may be identified using this innovative new metric. It is
impossible to establish the real cost-benefit of operations optimisation without
separating production variations.

e The proposed metrics are useful for manufacturing companies to use in order to
methodically conduct an in-depth analysis of the performance of their equipment,
through the lens of an understanding of the monetary benefits, in order to explicitly
highlight their profitability in both the short term and the long term.

o Case studies, both hypothetical and empirical, are presented to facilitate a greater
comprehension and the generation of new information about the optimal method by
which to evaluate the advantages gained through operations improvement in
manufacturing equipment.

Several manufacturing industries, including food and beverage, pharmaceuticals,
cosmetics, CPG (consumer packaged goods), aerospace and automotive, as well as
electronics, plastics and textiles, may benefit from the ISB and IEB metrics that have been
presented.

It is important to emphasise that the suggested metrics are not an extension of
performance measures such as Overall Equipment Effectiveness, which quantify the
effectiveness and yield of processes. Instead, the ISB and IEB metrics assess the monetary
advantages of increasing equipment performance by isolating the influence of
manufacturing changes. This is done so that the metrics may be compared directly with
one another. The ISB and IEB metrics are not meant to be a substitute for other overall
efficiency measures, nor do they distort the current analyses, or vice versa. Instead, they
are designed for practical use and are not intended to be used instead of such
measurements. It is up to the management judgments to decide if the ISB and IEB metrics
should be used together or separately from one another.

20

Page 30 of 34



Page 31 of 34

oNOYTULT D WN =

770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818

Benchmarking: an International Journal

The ISB and IEB metrics mark a return to the use of financial measures for equipment
performance improvements as conceptualised by Ghalayini and Noble (1996). The ISB
and IEB measures have the following major characteristics:

e They are lagging indicators since they show the results of past decisions and actions.

e They can be used for corporate strategies to minimise production costs.

e They are relevant to manufacturing practice as they quantify performance improvement
efforts in financial terms.

e They are flexible as their format can accommodate different data types.

e They are non-expensive since their calculation only requires standard data that is easy
to obtain.

e They are intelligible since currency metrics are easily understood.

e They are an aggregate productivity measure as they do not over-emphasise any
resource nor neglect others.

e They do not compare to maximums or standards that may cope with continuous
improvement. Thus, they do not lead to dealing with discrepancies between actual and
standard. This protects against sub-optimisation by not using standards in its definition.

5.2 Limitations, and Further Research Directions

This research has explicitly identified the gap in presently available operational
measurement tools. It has further pointed to the need for more enhanced and in-depth
measurements that will unequivocally present potential monetary benefits. In these
results, a novel approach using ISB and IEB metrics has been proposed to facilitate an
enhanced understanding of and for performance improvement in business operations. The
authors strongly believe that the proposed metrics will be of great use and significance to
both practitioners and academics for application and further research.

The sample and empirical cases, presented in Sections 4 and 5 respectively, establish the
effectiveness of the metrics; however, this can be interpreted as a limitation and may
guide future research to further confirm the robustness of the proposed metrics in the
manufacturing industry. Further validation can be pivotal in expanding the scope and
depth of these metrics.
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