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Abstract

Poor quality costs are the total financial losses caused by the products or services not being perfect. Process scrap is a major
contributing factor to these losses. Identification of different sources of scrap and the resulting costs is paramount for
Continuous Improvement. Furthermore, quantification of this scrap and how the data can be visualised will facilitate decision
making by upper management. For this, a methodology that acts as a guide will prove to be of great use in the analysis of scrap
generation in any manufacturing plant. In the case study presented, a comprehensive list of the possible sources was made.
However, only those which were responsible for a major part of the cost and of great concern were shortlisted. Once identified,
several measurement systems were proposed to accurately quantify the resultant scrap. This was then followed by data
visualisation using a dashboard that gave a weekly update on the levels of scrap generated.
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1. Introduction

Companies strive to develop, produce, and
provide competitive products or services that will
meet and surpass customer needs, with low-cost and
high-quality to enable competitive advantage [1]. To
achieve this objective, the processes which products
or services go through should be consistent and
robust, so that customer satisfaction can be achieved.
Previously, companies had the impression that high
quality was equal to high cost, but later, it was
realised that poor quality equals high costs [2]. To be
able to continuously improve quality, companies
need to be aware of scrap, as a consequence of poor
quality, that arises in business operations as well as
the resources needed to work on quality
improvement.

Furthermore, to be able to quantify scrap, it is
necessary to identify and measure its root causes for
subsequent control and management [3]. Thus, the
goal of studying scrap and its sources is to improve
production processes and to alter these processes to
reduce associated costs [4].

The sources of scrap could arise from multiple
points in the process and associated machinery;
hence it is a challenge to precisely measure and
monitor regularly [5]. Given this challenge, a
definite and well-tested methodology to implement
the appropriate measurement system along with a
comprehensive visualisation and monitoring tool

such as a dashboard must be adopted in any
organisation.

This research paper attempts to provide a
systematic approach to identify the sources of scrap
that arise in any manufacturing plant. Furthermore,
the data obtained can be used to quantify scrap and
further visualise it for decision making pertaining to
scrap. This proposed approach is applied to a case
study in order to check its feasibility wherein the
overall production flow from receiving the raw
material to assembly of the product is studied and a
data collection method for estimating and verifying
the scrap sources is developed. The approach
described here can be extended to other companies.

2. Literature Review
2.1. COPQ and its Components

The term Cost of Poor Quality (COPQ) was
introduced by J.M. Juran to create awareness about
quality and quality improvements. COPQ includes
all the costs associated with not producing an item
perfectly in the first attempt [6].

COPQ consists of four components [6]:

o Internal failure costs: The costs associated with
having defects in a product before it gets
delivered to the customer.

e External failure costs: The costs of discovered
defects after it has been shipped to the customer.
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e Appraisal costs: The costs related to the activities
of inspecting and evaluating the quality of
materials from the suppliers.

e Prevention costs: The costs associated with
preventing defects or quality issues from
happening such as the process of reviewing
designs and verifications and training.

In practice, different quality costing models have
been used by different organisations in different
industries. They are: Prevention, Appraisal, Failure
(PAF) model, Crosby’s model, Opportunity or
intangible cost, process cost, and ABC model [7].

However, the orthodox PAF model for quality
cost notably underrates the cost of poor quality [8].
Hence, every organisation has its own understanding
and definition of quality costing model. The
components of quality costing model are chosen
based on the company's business priorities and
overall focus area of their strategic policies [7].

As process scrap is the focus area of this research,
the category of COPQ it falls under, which is internal
failure, is important to be noted.

2.2. Internal Failure

Internal failure costs come into picture when a
defective product is produced and arises as the
following [9]:

In-process scrap and rework

Maintenance and repair

Design changes

Additional inventory required to support poor
process yields and rejected lots

Re-inspection or retest of reworked items

e Downgrading

Internal failure can cost up to 90% of the sale
price, as material and process cost is irrecoverable,
and reworking is expensive. Such examples include
cases of rubber and plastic moulding, rubber
extrusion and steel tube bending, in these cases there
is neither the chance of reworking nor the recycling
of raw material and hence this gives rise to large
amounts of process scrap. For the cases where
reworking is possible and not costly, internal failure
cost is on lower side and effectively the scrap
produced is also low [10].

In order to realise these costs, the scrap needs to
be measured.

2.3. Measurement of Scrap

Measuring scrap can be used to translate the
effects of poor quality into financial terms in order to
visualise it for the management and the employees,
to make the employees cognizant of what the costs

are [4]. By doing this, there is a greater chance that
the management uses the measurement instead of
rejecting it [11]. Companies must strive to find poor
quality costs as early as possible to prevent re-work,
scrap, and dissatisfied customers or lost reputation
[12]. Furthermore, the use of scrap measurements
will also provide the company with a tool to identify
problem areas and to prioritize [3] and determine
exactly where the potential improvements should be
carried out [13]. Fig. 1 shows the visible costs that
could be responsible for high levels of poor-quality
costs, however, this is just the tip of the iceberg. The
invisible part houses the more concerning factors
that need investigation and measurement techniques
to ascertain the exact amounts contributing to
COPQ.

Measurement techniques need to address certain
key elements in order for it to be effective and ensure
easy implementation which include the reason for
measuring the scrap, clearly stated responsibilities of
personnel involved in measuring, its management
and finally, its comparison for accurate assessments
to identify crucial areas which affect the poor quality
costs [5].
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Fig. 1. Iceberg of Visible and Invisible Costs [14]
2.4. Dashboard

Once the scrap sources are defined and measured,
it must be visualised comprehensively to enhance
decisions. Therefore, a dynamic and intuitive
dashboard will help serve this purpose. A Visual
Dashboard visualises the actual data from an external
data source(s). The term dashboard can be defined as
a graphic display that consists of charts, maps and
graphic indicators [15]. Others refer dashboard as “a
graphical presentation of the current status
(snapshot) and historical trends of an organisation,
‘Key Performance Indicators (KPIs)’ to enable
instantaneous and informed decisions to be made
immediately [16].” Moreover, it helps to evaluate the
information and thereby allows the company to make
correct decisions, improvise, and take any urgent
action if necessary. In practice, before being
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visualised, the data needs to be first recorded, then
stored and processed and finally analysed [17].

The above review provides a better understanding
of what is COPQ and its components. Scrap falls
under the category of Internal Failures due to
production of defective products. Moreover, every
company has its own method to calculate poor
quality costs relative to their business. In addition,
the need for measurement of scrap is highlighted
followed by the need for visualisation of the scrap
components as it is necessary for decision making,
therefore a live dashboard is the best visualisation
tool.

However, some gaps remain in the literature due
to the sensibility of the scrap information. No
specific measurement systems or case study and
examples were found. This explains the absence of a
common standard across companies to identify,
quantify and visualise scrap. The literature review,
however, highlighted the importance of granularity
of the measurement system used.

3. Developed Approach

To have a guided approach, the Deep Dive is
suggested as it is widely used for innovation in
Process Improvement. It is devised as a combination
of discussion, prototyping, and feedback loops
merged into an approach that helps teams to develop
solutions. The Deep Dive methodology helps
demonstrate that it is known what is wrong, a
thorough examination has been done and a solution
for the issue has been come up with.

It consists of the following steps:

1. Understand: Without having a clear
understanding of the problem, it is challenging
to start problem solving. Interviews and
Document Reviews are key tools.

2. Observe: To get clarity on the current systems in
place, the observe phase is crucial as it allows
for visual understanding of the processes
involved. Gemba walks are highly suggested in
for this.

3. Visualise: Visualisation of the interpretations
helps in identifying key steps in the process and
determining the critical components that need
special attention. Maps are a useful aid.

4. Evaluate and Refine: Evaluation by the
stakeholders plays an integral role in the
refinement of proposed solutions to the problem
at hand. Discussions and feedback enable for
better evaluation.

5. Implement: Once the final idea is proposed, it is
important to have a standard system in place
followed by the visualisation of the outcome to

Evaluate
m

facilitate decision making. A dashboard is a
powerful tool for visualisation.

Fig. 2. Deep Dive methodology
3.1. Scrap Source Identification

To generate the necessary base for investigation
while performing the analysis, an iterative document
review and stakeholder interview-based method can
be used to detect all the possible scrap sources.

Fig. 3. Scrap sources iterative identification

A first analysis must be conducted to understand
the process and nature of the scrap generation. To do
so, the existing value stream maps, general
operational procedure documents and previous
process waste works must be analysed. Once a basic
understanding has been built, a preliminary scrap
source map should be drawn. All the possible scrap
generation points must be identified and for each, a
data collection method has to be proposed. The result
of this phase is an initial scrap sources map which
must be later validated. During the review process,
interviews should be conducted with experts of the
factory to validate the proposal and obtain feedback
of all its relevant points. This will help in discarding
the non-impactful sources and add the ones that were
missed. Once every cycle is complete (see Fig. 3),
the analysis phase consists of obtaining new
documents and information sources, further
broadening the possible sources’ number and
coverage of the process. The procedure ends when
all the possible sources of information have been
analysed, and the experts and stakeholders have
validated the proposed solution.

The scrap sources can be map-based (E.g.:
process flow charts, Swimlane diagram, data flow
diagram) to provide an overview of how processes
are carried out, how they can be improved and how
many steps are necessary to drive the process to its
end [18]. After initial process study and observation,
a validated list of multiple sources of Process Scrap
can be identified.
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3.2. Scrap Quantification

Once the process is understood, the precision,
granularity and robustness of all the process waste
should. A wvariety of measurement techniques
presented in Table 1 need to be considered.

Table 1. Advantages and disadvantages of the proposed
measurement methods

Method Advantages  Disadvantages
Direct Weight-based Very precise  High
measurement measurements resource
techniques consuming
Volume-based Requires less Not be as
resources than precise,
the weight- Much less

based method granularity

Subject to the

measuring
operator’s
sight and
criteria
Unit-based Most precise  High amount
method of resources
Maximum pecessary tol
granularity implement (in
workforce or
technology
investment)
Indirect Exact Can measure Rely on keeping
measurement processes that track of certain
techniques direct ones events
Rough-  Range can not Provide a range
cut based Low resource instead of an
methods P consuming exact number
rocess
efficiency Rely on
related conditions of

operation being
the same as the
initial parameter
study

The following factors must be considered to
narrow down and prioritize the top (5-10) Sources of
Scrap and to implement the corresponding
Measurement technique for them:

Manpower and Manhours Requirements
Existence of Current Alternative Solutions
Possibility of Automation

Ease of Implementation and Data Collection
Perceived monetary impact by stakeholders

The measurement system has to be designed to
achieve a balance between accuracy and workload
increment for the company’s associates. However, it
can some possible flaws regarding the accuracy of
the measurements. First of all, the proper record of
the data will have a direct impact on the dashboard
results and can reflect a false image of reality.

Additionally, for the new measurement systems
proposed, a successful change management program
to put them in place will be necessary.

The amount of scrap collected can be recorded
either manually or automatically, depending on the
warehouse managed system in place. This data will
then be compiled in the backend and used to feed the
process scrap dashboard.

3.3. Scrap Cost Calculation

To quantify the value of the scrap, three different
methods are used depending on the type of scrap:
raw materials, work in progress (WIP) or final parts.

To quote the scrap of raw materials equation (1)
is used. The economic value (V) of a scrap type can
be calculated as the amount of material scrapped (M)
times the price of it (C), as shown in equation (1).

Regarding WIP and final parts, other costs need
to be included, such as labour costs, machinery costs.
Good practices would forecast the annual demand
(AD) to standardize the price of the manufactured
component. Then the material component usage
(M-C), the annual costs of labour (AL), machinery
amortization (AMA), maintenance (AM), overheads
(AOH) and other costs associated to the process (O)
are divided by the annual demand (AD) to
homogenously distribute them as shown in equation

).

= AL+ AMA+AM + AOH+0 (2)
szMi'C' AD

3.4. Visualisation of Scrap

After the identification and quantification of
scrap, a user can find the cost of scrap on the
shopfloor. This can be taken a step further with the
creation of a dashboard to visualise the quantity,
percentage and costs of scraps from the different
sources. The following charts can be used to display
different data types:

e Bar charts are very useful to quickly compare
information, revealing highs and lows at a
glance. They are especially effective when the
data can easily be split into different categories
[19].

e Pie charts are the most appropriate to show
relative proportions for top level information.

e Pareto charts are the perfect combination of bars
and lines to highlight the most relevant set of
factors among a large set of them.
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e Line charts are primary used to display trends
over a period.

These charts can be selected to trigger the
appropriate management reflections and decisions
that need to be made.

4. Case Study
4.1. Presentation of the case study

The company in which the proposed methodology
was developed produces plastic moulded
components. The study focused on a high-volume
product line. The product composed of three
components moulded in house, via injection
moulding, and then assembled, with automated
machinery. Therefore, the overall line, from
receiving raw materials to final assembly was
studied.

4.2. Scrap source identification

To get an overview of the whole process, process
maps were realised after the first few Gemba walks.
Diverse mapping tools were used, such as post-it
notes, to get a quick overview of the process, flow
charts, as represented in Fig. 3, along with Swimlane
diagram, were also used to understand the actions of
each department. Some sources of scrap were also
identified during the Gemba walks.
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Fig. 3. Process flow chart

After this first step, interviews with the relevant
stakeholders were conducted, to come up an
exhaustive list of the scrap sources. These interviews
were with operators, team leaders, quality managers,
and the production manager. To ensure the reliability
of the data collected, they were at least double
checked.

In this way, 21 sources of process scrap were
identified and then validated by different
stakeholders and are listed in Table 2.

Table 2. List of scrap sources

Wrong resin Resin loaded in the wrong Storage
container
Quality Control A fixed percentage is tested Storage
Lab (assembly and then scrapped
samples)
Machine Whenever there is non- Moulding
Automatic conformance with any of the
Rejects parameters of moulding
Purging Whenever they need to clean =~ Moulding
the barrel
Stabilising Whenever they switch offthe ~ Moulding
machine for more than 24
hours
Hoppers Material that falls from Moulding
hoppers and every time a
breakdown happens
Visual hourly Regular tests of quality Moulding
inspection
Parts Falling Off  Parts falling off the belt Moulding
Cavities Off The operator can switch off Moulding
fault suspected cavities
Cleaning and They scrap on the beginning of Moulding
Maintenance each shift 10 shots
Material Parts dropped while the Assembly
Handling material handlers move the
boxes
Parts Falling Off  Parts dropped while the Assembly
machine is operating
First Exit Plate Non-conformance to Assembly
Rejection parameters
1st part Black Checking for black Assembly
Particulate Test  contamination
2nd part Black Checking for black Assembly
Particulate Test  contamination
IPC (trigger test  For every fixed amount of Assembly
& visual products, they test some of
inspection) them
Automatic Coiler Non-conformance to Assembly
Rejects parameters
Coiler Batch Scrap generated by coiler Assembly
Mode when wire is changed.
Line Clearance Scrap generated every time Assembly
they change the line or at the
beginning of a Production
Order
Checkback batch  Quality non-conformance Assembly
fill-up related scrap

4.3. Scrap quantification

The prioritisation of the top 10 sources of scrap,

Scrap Description Areas
Material Material that falls from bags Storage
Handling while being handled

according to the factors listed in section 3.2 resulted
in the selection of the following scrap sources:
Machine automatic rejects, purging, stabilizing,
visual hourly inspection, parts falling off, cavities
off, first exit plate rejection, 1° part black particulate
test, 27 part black particulate test, IPC and automatic
coiler rejects.
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Each scrap source was then categorised, and a
system was selected for each category, according to
the following Table 3.

Table 3. Measurement system selection for each main category
of scrap source

Measurement Rationale

Technique

Category

Parameters Non- Volume-Based Fewer resource

Conformance utilisation
(Moulding) High perceived
monetary impact
Maintenance and Exact Indirect Ease of
Inspections Measurement implementation
Existing
complementing
procedures
Process Range-Based Fewer resource
‘Sta?fl‘hsanon and Rough-Cut utilisation
Inethiciency Calculation
Barrel Purging Weight-based Lack of alternatives
Parameters Unit based Existing

measurement system
Non-Conformance Yy

(Assembly) High accuracy

The data was then recorded manually (for the
scrap in the moulding area, and the quality test
samples) and automatically (for the scrap in the
assembly area) into the warehouse managed system,
as shown in Error! Reference source not found..

4.4. Scrap cost calculation

According to the recommendations of section 3.3,
the cost of the different types of scrap generated was
calculated depending on its category.

Equation (1) was used to evaluate the costs of
purging and stabilisation waste. For the other parts
scraped, their standard cost, established at the
beginning of the financial year, was considered.

After extracting the scrap data from the system, it
was automatically imported in an Excel file, where
the cost of different types of scrap was calculated.

Fig. 4. Moulding area dashboard

4.5. Visualisation of scrap

To wvisualise the scrap, two software were
considered: Excel and Power BI. The former was
selected for various reasons, amongst which was the
familiarity of the users of the dashboard. Three
dashboards were realised with Excel Pivot Charts, to
represent the overall scrap, and the scrap by areas of
generation. Multiple slicers were also used, to enable
the user to drill down the source of an unexpected
result. As shown in Fig. 4 multiple graphs were
selected consciously to trigger the appropriate
management reflections and decisions.

However, this system works wunder the
assumption made about the reliability and accuracy
of the data provided by the assembly machines. This
assumption has been made after several interviews
with stakeholders who believed the data was
accurate enough to use it.

5. Impact on Through Life Engineering Cost

While there will be cost savings through
elimination of scrap at multiple sources, the
measurement techniques proposed come with a cost
of implementation. This trade-off is critical to decide
whether or not to invest time and capital on this
improvement project.

Through-life Engineering Services are the
product support provided at different stages of its
lifecycle. This encompasses the entire range of
process starting from ideation, design, manufacture
and operational life, to end of life disposal. They are
seen as a natural stage in the evolution of product
support and maintenance, repair and overhaul
strategy [20].

The various cost components of Through Life
Engineering Services can include: In-Service,
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product life cycle.

Considering the measurement system as the
product being introduced to the pre-existing
manufacturing system, there will be some
components of cost added into the system. These
include:

1. Service and Maintenance Cost

This is the additional cost associated with
maintaining the measurement systems that will be
implemented. If the equipment and the implemented
measurement system is not serviced and maintained
regularly, the quality of data collection might go
down. This will impact the accuracy of the complete
measurement system.

2. Training Cost

The current associates and manpower will have to
be trained to run the measurement system in order to
collect data for visualization. Additionally, there will
be cost associated with training the person in charge
to collect scrap without mixing. The entire
measurement system implementation will be null
void in case the data gathered is not accurate due to
human errors. The only way to eliminate or minimize
these errors is training of personnel’s which comes
with a cost.

3. Equipment and IT Systems Upgradation Cost
The measurement system proposed relies heavily
on scrap data collected from the shop floors. The
quality and accuracy of data is indirectly related the
availability of IT systems and affiliated equipment
technology available to be used. In case there is a
lack of enterprise systems or smart machines that can
collect and record the data, there will be heavy
investment need to upgrade the systems to that level.

6. Conclusions and Recommendations

In this paper, the deep dive methodology was
utilised as a guide to identify, quantify and visualise
the process scrap. An iterative approach (analysis,
proposal, review and modification) was used to
identify multiple sources of scrap. This approach led
to the formulation of a holistic list, which was then
narrowed down to the top 10 sources. For accurate
quantification of this scrap, certain factors (such as
manpower and manhours requirements, existence of
current alternative  solutions, possibility —of
automation, ease of implementation and data
collection and perceived monetary impact by

stakeholders) were considered. A variety of
measurement methods were explored to accurately
quantify this resultant scrap. In addition, these
measurement systems were designed to achieve a
balance between accuracy and workload increment
for the company’s associates. Furthermore, a
dashboard was developed for representing the key
metrics using graphs.

This developed approach can be used by any
manufacturing plant in order to understand the
source of scrap generation, system that can be put
into place to quantify it as well as visualisation
methods.

However, only the process scrap was measured. It
is only one component of COPQ, and further
investigation into the other sources of poor quality
must also be considered for further improvement
project.
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