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Abstract

This dissertation reports the investigation and combination of optimization methodologies

and the result of implementing them within a production environment.

A literature survey was conducted on the optimization methodologies Lean Manufacturing
and theory of constraints (TOC).

A number of production optimization methodologies were studied and considered for
application to the case study organisation. Due to the small size and relative simplicity of the
operation, these methodologies had to be simplified and combined into a more relevant

form.

A refractory manufacturer was used as a case study for the investigation into the
optimization of the dry batch plant. Lean Manufacturing and TOC are optimization

methodologies that could be employed to optimize the dry batch plant.

Tools from these methodologies were used to investigate problems identified within the
production process that were causing the batching plant to perform non-optimally. A time
and motion study was conducted and a process flow chart was created to understand the
production process. Wasteful activities were identified using a value stream map and a flow
process chart was used to visualise the movement within the production process. A 5-Why

analysis was conducted to determine the root causes.

An optimization plan was created to eliminate the wasteful activities and the operational
measures, that is throughput, inventory and operating expense, were used as to determine
what the effect the optimization plan would have on the wasteful activities (Lean

Manufacturing) found within the batching plant and the organisation.

The results of the combined effect of the optimization plan are discussed focusing on the

improvements in the operational measures and the increase in profit from sales.

Future research is suggested to improve the benchmarking of the optimization plan and any
future improvements that the organisation might implement.
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operating expense.
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Glossary

Andon

Bulk density

Cold crushing
strength

Defect
Genchi
genbutsu
Hansei

Heijunka

Inventory

Jidoka

Kaizen

Kanban

Muda

Mura

A signalling system that indicates when and where assistance is needed if

a problem occurs.

The product’s particle mass divided by the volume that they occupy.

The product’'s ability to resist failure under compressive load at room

temperature.

A shortcoming that does not satisfy the specification.

Going personally to see what the situation is for a better understanding.

Reflection on a situation and what went wrong.

The levelling out of the production workload.

The money the system invests in purchasing items that the system

intends to sell.

Autonomation, where automation implements some supervisory functions.

The philosophy or practise of continuous improvement.

A signal to indicate when a system in the process is ready for more

product.

Non-value-adding activities that include the eight forms of waste.

Unevenness caused by varying demand, resulting in an irregular

production schedule.
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Muri

Non-value

adding

Non-value
adding, but

necessary

Operating

expense

Operational

measure

Process

Refractories

Specification

Throughput

Value stream

map

Waste

Overburdening of people or equipment, or pushing it over its natural limit.

Any process that is carried out that does not increase the product’s value

from the customer’s perspective.

Any process that is carried out that does not increase the product’s value
from the customer’s perspective, but still has to be performed as part of

the production process.

All the money the system spends while turning inventory into throughput.

The measures throughput, inventory and operating expense, which
according to theory of constraints, determine the organisation’s bottom-

line.

A series of actions or steps taken in a particular order to achieve the

desired effect.

Ceramic materials used in high-temperature applications to withstand

service at high temperature, abrasion, thermal shock and chemical attack.

An explicit requirement to be satisfied by the product or process.

The rate at which the system generates money through sales.

A graphical representation of the value-adding and non-value-adding

activities in any process.

A non-value-adding activity that is not necessary and can be eliminated.
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1 Background and introduction

1.1 Background

Refractory materials are ceramic materials used in furnaces, boilers, smelters, and other
high-temperature structures. They are ceramic products designed to withstand service at
high temperatures and must also be resistant to chemical attack, abrasion and thermal
shock (Du Toit & Berger, 2010:1).

In the case of refractory lining of furnaces, the refractory material is produced as a dry
powder mix so that it can be mixed with water and applied to the surface of the furnace. For
certain applications, the refractory material is also supplied as a mix pre-wetted with oil or
tar. The production of these refractories is very similar to the dry batching plant used in the

cement industry.

1.1.1 The organisation
The organisation that was used as a case study wished to remain anonymous, as
confidential financial information was included in this dissertation. Therefore, it will be

referred to as “the organisation”.

The organisation is a small-to-medium enterprise that manufactures and installs refractory
linings for a variety of industries, including the steel industry. It is a family owned and
operated organisation, of which the owner and founder is still currently managing director

and sole shareholder.

The organisation was founded in 2001, and since then has evolved into an organisation that
is known for its ability to supply fully customised products on very short notice. The
organisation boasts a vast collection of patented products, some that have no counterpart to

be found elsewhere in South Africa.

According to the National Small Business Act (102/1996), the organisation is classified as a
small-to-medium business in the manufacturing industry, as it employs 25 employees on

average and has an annual turnover of less than R40 million.

The production plant operates on a single 8-hour shift per day on weekdays only and it

produces an average of 420 tons per month.



1.1.2 The batching process

The process of measuring out the raw materials for a batch of concrete, or in this case,
refractories, is called batching. The batching system at the organisation, although basic, is
similar to the batching plants used in the concrete and construction industries internationally.
Competitive manufacturers of refractory products also use it. A typical concrete batching

plant can be seen in Figure 1.
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Figure 1: A typical concrete batching plant (Gulin Crushers, 2010)

The raw materials are discharged from the hoppers on the left onto a conveyor belt, which
moves diagonally upwards to the mixer. The truck stops underneath the mixer to receive the

concrete once it has been mixed, ready to be delivered.



1.1.3 The manufacturing process
The batching process at the organisation is very labour intensive, as it requires a labourer at
every step of production. The organisation has two production lines, one of which can be

seen in Figure 2.
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Figure 2: Production line at the organisation (Greeff, L., 2013a)

All of the raw materials are supplied in bulk bags that contain 1 ton each, or in smaller bags,

varying between 25 kg and 50 kg.
The sequence of the production process is illustrated in Figure 2 by the numbers as follows:

1. When manufacturing a product, the necessary raw material bulk bags are placed
on top of the production line by a forklift. Below the bulk bags are hatch doors
that open to allow the raw material to flow through like a hopper.

2. The correct amounts, according to the manufacturing plan, are discharged into
the trolley, moving beneath the bags on a track. A labourer pushes the trolley
underneath the hopper and production line and manually operates the hatch
doors. A load cell on the trolley measures the weight of material dispensed.

3. Once the trolley has received all the materials required for the batch, it is pushed
to a position over a bucket that is submerged in the floor at the end of the line.
The labourer discharges the material from the trolley into this bucket.

4. The bucket is moved diagonally upwards, on machine-operated tracks, to the

mixer at the top. The batch of material is mixed for the prescribed amount of



time. Each batch contains 500 kg of finished product. The mixer and bucket can
also be seen in Figure 3.

5. After the batch has been mixed, it is bagged by a labourer operating an air
pressurised hatch and funnel connected to the mixer. The final product bag is
placed on a scale and is filled to the correct weight. Each bag must weigh 25 kg.
The same labourer moves the bag along the conveyor belt through the
stitching machine. The stitching station and conveyor belt can be seen in
Figure 4. At the end of the conveyor belt, another labourer places the bag onto a
pallet. One ton of finished product is packed on a pallet, meaning two batches of
500 kg. From there, the pallet is taken away with a forklift to the stretch-wrapping
station.

Figure 4: The stitching station at the production line (Greeff, L., 2013c)



1.1.4 Quality control

During production, quality control samples are taken. The first three batches, each consisting
of 500 kg of product, are tested and after that, every fifth batch is tested throughout the
batching process. For materials with a specified particle size, a sieve test is conducted at the
production line. A second sample is sent to the laboratory to test the basic properties that
are required for a test certificate to be issued, such as cold crushing strength (CCS) and bulk
density (BD), as well as any other special characteristics the product may require, such as
setting time, ram-ability, flow properties, etc. These are all product specific characteristics
that determine the application and quality of the product. By adjusting the raw materials and
their percentages within the dry mix, different products can be designed according to

customer requirements.

1.1.5 Premixing

Most of the batches consist of large percentages of base raw materials, but there are a few
formulations that require smaller quantities of ingredients, some as small as 0.02 % of the
final mix. As it is difficult to distribute such a small quantity of material uniformly into the
entire batch of 500 kg, a premix is made containing the small fraction(s) and typically 25 kg
of one of the base raw materials that will form the largest part of the formulation. This premix
is prepared by hand at a separate station, using an industrial cake mixer, and added to the

bulk mixer before mixing the final product.

1.1.6 Inventory management

Production at the organisation is performed according to the just-in-time principle for the
majority of its orders, as the products have an expiry date. There is a wide range of products
with different applications and the customers can request adjustments to the chemistry to
meet their specific needs. There are, however, a few general purpose products that are
ordered by many customers and are kept in small quantities in inventory, as well as products

for regular customer orders.



1.2 Introduction

At the start of the study, the author was working at the organisation as project manager.
During this time personal observations indicated that the production process was not
functioning optimally. An example of this was an average of 144 tons of out-of-specification
material was produced per year, which is 2.8% of the total production per year. Another
example is production time lost on average was almost 700 hours per year due to waiting for
raw materials to be delivered. The problem statement, proposed research and objectives, as
well as the deliverables and the intended method of investigation, was developed to
investigate and improve the specific situation at the organisation, and will be discussed in

the following paragraphs.

1.2.1 The Lean Manufacturing philosophy
According to Freedonia Group (2011), worldwide demand for refractories is projected to

grow 5.3 % per year through 2014 to 40.8 billion tons.

The global steel industry has increased steadily since the global economic downturn in 2008;
now steel producers face the new challenge of meeting a rise in demand for steel products
(KPMG, 2011). This in turn, means that there is a rise in the demand for refractories, as it is

an integral part in the production of steel.

As the price of iron ore, coal and energy have also increased, steel producers are struggling
to maintain their profit margins, as the price for customers has not increased to the same
degree. This has spilled over into all supplying industries, as well as the refractories industry.
Companies that have reduced capacity and lowered their inventory levels during the global

recession, starting in 2008, are now struggling to fill customer orders.

Due to the insufficient rise of customer prices in comparison to raw material prices, it is
necessary to find ways to lower production costs to maintain the profit margin. In such a
labour intensive environment as the semi-automated batching system, there is room for

great improvement by means of production optimization.

For the conventional model of doing business, the equation for determining the price of the

product is as follows:
Cost + Profit = Price

To obtain the desired profit, the price must be increased as the costs are fixed.



The Lean Manufacturing philosophy goes against looking at business from this point of view

for at least two reasons:

= Price is a given, as the market demands a certain price for each product, and

= Manufacturers, like the organisation, have control over the cost of manufacturing.

The Lean Manufacturing philosophy uses the following equation:
Profit = Price — Cost.

Therefore, the only way to increase the profit would be to decrease the cost of the product
(Pawlik, 2009).

1.2.2 Problem statement
The production process at the organisation is not functioning optimally, as it suffers from
unnecessary delays and produces non-conforming product, i.e. the product does not

conform to the specifications required by the customer.

1.2.3 Research aims and objectives

Therefore, the aim of this study was to determine how to increase the efficiency of the batch
plant, as well as any other departments and management systems that contribute to
production, which would decrease the cost of production per each ton of material. This will in
turn increase the profit without raising the customer’s price, as suggested by the Lean

Manufacturing philosophy (Pawlik, 2009).

1.2.3.1 Research objectives

In order to address the problem stated in this study, the following objective had to be
addressed, the relevant and most appropriate methodologies, or parts thereof, will be
investigated to optimize production at the organisation and thereby increase profits. The

research objectives are as follows:

» Research on different optimization methodologies.

» Identify investigative methodologies that can be used for the study.



« |dentification of the best method or combination of different methods to best address
the problem at the organisation.

» Create an optimization plan based on the results from the investigation.

1.2.4 Deliverables

The deliverables for this study were:

* Arroot cause investigation into the inefficiencies in the production system.
* An optimization plan, devised from the investigation, to be presented to the
organisation as a production optimization solution, containing:
0 An estimation of the increase in production efficiency (throughput).
0 An estimation of the decrease in production cost (operating expenses and
inventory).
0 An estimation of the total percentage increase in profit from decreasing the
production cost.
* Recommendations for future study for continuous improvement within the

organisation.

1.2.5 Method of investigation
A literature survey was conducted on the optimization methodologies available to improve

production at the organisation, such as Lean Manufacturing and TOC.

An investigation of the current production process at the organisation was conducted to
determine what the root causes for the problems were. The results from the investigation
can be seen in Chapter 4 (Results from the investigation) and the appendices. The efficiency
of the batch plant was determined by investigating the current production rate, which was
determined by studying reports regarding production rate, total production averages, stock
levels, etc. The financial statements were used to compare the operating expenses and the
income generated from the sale of final product. These measures were then used as the

benchmark to compare the estimated improvements that the optimization would provide.

Once the ideal optimization methodology and techniques were identified, the estimated
improvement resulting from the optimization and the consequent increase in profit was
compared to the current situation, to validate the effectiveness of the optimized production

plan.



2 Literature survey

The problem that was identified was that the organisation was functioning non-optimally and
consequently, losing production time due to waiting and unnecessary conveyance of
product. Therefore, a literature survey was done on production optimization methodologies
and techniques, including Lean Manufacturing and theory of constraints that could be

applied to optimize production at the organisation.

2.1 Lean Manufacturing

Lean Manufacturing is based on the Toyota production system (TPS), which is the
production system used by the Toyota automobile manufacturing plants. It is based on the
philosophy that ideal conditions for manufacturing exist where there is no waste in machines,

equipment or personnel (Japan Management Association, 1989:24).

The TPS is based on optimization methods such as, just-in-time, kaizen, one-piece flow,

jidoka and heijunka. These techniques gave rise to Lean Manufacturing (Liker, 2004:6).

2.1.1 The 14 principles of Lean Manufacturing

Lean Manufacturing is based on the following 14 business principles (Liker, 2004:37):

1. Base your management decisions on a long-term philosophy, even at the expense of
short-term financial goals.

Create continuous process flow to bring problems to the surface.

Use “pull” systems to avoid overproduction.

Level out the workload (heijunka).

Build a culture of stopping to fix problems, to get quality right the first time.

o oA WD

Standardised tasks are the foundation for continuous improvement and employee

empowerment.

N

Use visual control so no problems are hidden.

8. Use only reliable, thoroughly tested technology that serves your people and process.

9. Grow leaders who thoroughly understand the work, live the philosophy, and teach it
to others.

10. Develop exceptional people and teams who follow your company’s philosophy.

11. Respect your extended network of partners and suppliers by challenging them and

helping them improve.



12. Go and see for yourself to understand thoroughly the situation (genchi genbutsu).

13. Make decisions slowly by consensus, thoroughly considering all options; implement
decisions rapidly.

14. Become a learning organisation through relentless reflection (hansei) and continuous

improvement (kaizen).

These 14 principles will be discussed in more the detail below:

2.1.1.1 Principle 1: Base your management decisions on a long-term philosophy,
even at the expense of short-term financial goals.
At Toyota there is a belief that there are certain ethical values that must be practised to

remain profitable in the long-term. Some of these values are (Liker, 2004:72-83):

» That everyone has a sense of purpose greater than earning a salary. Employees
must feel a great sense of mission for the company.

» That it is very important to do the right thing for the customer.

» That business decisions should not undermine trust and mutual respect.

» Using self-reliance and responsibility to decide your own fate.

» To follow the mission statement, consisting of three parts: contributing to the
economic growth of the host country, contributing to the stability and wellbeing of the
team members and contributing to the overall growth of Toyota.

» To create a constancy of purpose and place in history.

2.1.1.2 Principle 2: Create continuous process flow to bring problems to the surface

Flow is at the heart of a Lean Manufacturing organisation. By shortening the time needed to
take raw materials to finished goods it will lead to the best quality, the lowest cost and the
shortest time to deliver. By creating flow, the inefficiencies that require immediate solutions

will become apparent (Liker, 2004:88).

An example of flow is when a customer places an order and the process of obtaining the raw
materials needed for that specific order only, is triggered. These raw materials then flow
immediately to the production process, where workers immediately assemble the order and

it is then sent to the customer immediately (Liker, 2004:90).

Most companies use the traditional mass production thinking method, which is to organise

the company into departments with similarly skilled people and machines grouped together,
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forming a batching system. These departments are then measured by efficiencies. The
problem is, however, that a lot of work-in-process inventory is accumulated by the most
efficient departments. Another problem is that a specific order for a specific customer has to

go through these different departments, causing delays (Liker, 2004:92).

According to Lean Manufacturing thinking, the ideal batch size is always one part or product.
The fastest way to reduce batch sizes is to create work cells that are grouped by product,

rather than by process, as departments are (Liker, 2004:93).

To create one-piece flow, takt time is used. Takt is a German word meaning “rhythm” or
“meter”. Takt is the rate of customer demand, which is the rate at which the customer is
buying product. Takt must be used to set the pace of production and is used to alert workers
when they are getting ahead or behind (Liker, 2004:94).

2.1.1.3 Principle 3: Use “pull” systems to avoid overproduction

An inventory “push” system is used in most cases. Products are pushed onto the retailer,
irrespective of whether the retailer can sell it or not. The retailer then tries to push it onto you
(the purchaser) whether you need it right away or not. The result of this is that inventory is
not being used effectively (Liker, 2004:104).

The alternative is the “pull” system, wherein a customer orders the product and that triggers
a signal to the supplier to send more of the product to the retailer. The retailer then receives
the product on actual customer demand, thereby doing away with the excess inventory
(Liker, 2004:105).

In Lean Manufacturing, the “pull” system involves the ideal state of just-in-time
manufacturing; giving the customer what he wants, when he wants it and in the amount he
wants it. But this will cause the company to have no inventory, and although it is considered
as non-value-adding, a certain level of inventory is required as there are natural breaks in
flow. The principle used by a supermarket can be implemented here, where patterns of
previous purchasing is used to determine the exact amount of inventory required to form a
replenishment system. Stores of materials are replenished based on the pull system (Liker,
2004:105).
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2.1.1.4 Principle 4: Level out the workload (heijunka)
It is not always possible to simply build-to-order, as the amount ordered can vary
significantly. To accommodate this, Lean Manufacturing has developed a method for

eliminating muda, muri, and mura. These three M’s are described below (Liker, 2004:114):

*  Muri — Overburdening of people or equipment: To push a person or machine beyond
its natural limits, which results in safety and quality issues.

* Mura — Unevenness: This is caused by varying demand, which results in an irregular
production schedule that is caused by downtime, missing parts or defects.

e Muda - Non-value-added: This includes the eight types of waste that will be

described below.

2.1.1.4.1 Elimination of waste

Lean Manufacturing requires that an organisation’s non-value-adding activities, which are
wasteful activities, must be determined. They are referred to as non-value-adding activities,
as they are not adding any value to the product. A value stream map must be created to
differentiate the value-adding activities from the wasteful or non-value-adding activities. An

example of such a value stream map can be seen in Figure 5.

Time Staging Machining Assembly

Casting

Transportation / oeap / Kol / Staging

/ I
/

Raw Time Finished
Material Parts
D Value-Added Time = Value-added time is only a small

percentage of the total time.

= Traditional cost savings focuses only on
value-adding items.

= Lean thinking focuses on the value stream
to eliminate non-value-adding items.

Non-Value-Added
Time (Waste)

Figure 5: Value stream map for software development (Liker, 2004:30)
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TPS has identified eight major types of non-value-adding activities, which are (Liker,
2004:28):

1. Overproduction, which leads to excess inventory.

2. Waiting (time on hand), because of processing delays, downtime and capacity
bottlenecks.

3. Unnecessary transport or conveyance of work in process (WIP) over long
distances, or moving materials, parts or finished goods around.

4. Over-processing or incorrect processing, due to poor tool and product design, or
unnecessary steps to process a part, providing higher quality products than required.

5. Excess inventory, including excess raw materials, WIP or finished goods, causing
longer lead times, damaged goods, transportation and storage cost and delays.

6. Unnecessary movement of employees during the course of their work, such as
looking for, reaching for, stacking of items and walking.

7. Defects that have to be repaired, reworked, scrapped, replaced and inspected leads
to wasteful handling time and effort.

8. Unused employee creativity causes lost time, ideas, skills, improvements and

learning opportunities by not listening to the employees.

In order to reduce waste, the concept of heijunka, levelling out the work schedule, is applied.
Heijunka is the levelling of production by both volume and product mix. In so doing, the
company does not produce product according to the flow of customer orders, but rather
according to the total volume of orders in a period of time, and levels it out, so that the same
amount and product mix are being made each day. This is done by taking the actual
customer demand, determining a pattern of volume, and mixing and building a level
schedule every day (Liker, 2004:116).
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The difference between the traditional approach of production according to orders and

levelled production can be seen in Figure 6.

Monday Production Monday Production

ool bl ot byt

SRR Tuesday Production

Tuesday Production

%5@5@@%@% LBLH B

e s G Wednesday Production ==

2@@%@8@ SAE %Q,,% ﬂ%gé’*@%;@

Changeovcr Thursday Productlon

ATad%;};}@#?@f« 4@5{@) @' C@ E{é @ ‘ E@ a@

Friday Production Friday Production

o T 855585

Figure 6: Traditional production on the left vs. levelled production on the right (Liker,
2004:117-119)

2.1.1.5 Principle 5: Build a culture of stopping to fix problems, to get quality right the
first time

The principle of jidoka originated from an automated loom with a built-in device for making

judgments. As the loom stopped when a problem occurred, no defective products were

produced. This meant that numerous machines could be supervised by one operator, and

resulted in a remarkable improvement in productivity (Toyota, 2011).

As there is meant to be as little as possible inventory with Lean Manufacturing, it is very
important to produce products correctly the first time. A signalling system, called Andon, was
developed wherein a signal, such as a light, indicates when equipment shuts down and an
operator is needed to solve a quality problem. Only the one workstation was stopped; not the
entire production line. The team leader has to respond to the light and has time until the part
moves to the next station to fix the problem. If this is not possible, then the entire line will
stop (Liker, 2004:130).
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2.1.1.6 Principle 6: Standardised tasks are the foundation for continuous
improvement and employee empowerment

Lean Manufacturing requires that tasks are Standardised throughout the entire company,
including white-collar work processes. According to this principle, it is impossible to improve
any process without standardising it. A process must be standardised, and thereby
stabilised, before continuous improvement can take place. It is also very important to ensure
guality. If a standardised work procedure was followed, it is much easier to determine where
the defect originated form (Liker, 2004:142).

When implementing standardisation to meet challenging targets consistently, it is critical to
find a balance between providing employees with rigid procedures to follow and providing
the freedom to innovate and be creative. What is important when trying to achieve this is that
the standards have to be specific enough to be useful guidelines, but general enough to
allow for some flexibility. The employees performing the work then have to improve the
standard (Liker, 2004:147).

2.1.1.7 Principle 7. Use visual control so no problems are hidden

In the TPS, there are visual controls for eliminating waste that contribute to errors, defects
and injuries. One of these visual controls is the 5S-program and it comprises of the following
five S’s (Liker, 2004:150):

1. Sort — Keep only what is needed and dispose with what is not.
Straighten — Create order by putting everything in its place.
Shine — The cleaning process acts as a form of inspection that exposes pre-failure
conditions.

4. Standardise — Develop systems and procedures to maintain and monitor the first
three S’s.

5. Sustain — It is an on-going process of continuous improvement to maintain the

stabilised workplace.

Visual control entails being able to look at the process, a piece of equipment, inventory, and
information, or at a worker performing a task and immediately seeing the standard being

used and any deviation from that standard (Liker, 2004:152).
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2.1.1.8 Principle 8: Use only reliable, thoroughly tested technology that serves your
people and processes

Once again, the TPS philosophy for technology is that it should add value. The technology

must serve the process and people, and not replace the people. It is often best to perform a

process manually, rather than adding untested technology that may end up not being useful

to the process.

Toyota looks at technology as a tool to support both the people and the process. The
process must first be made to work flawlessly by means of manual labour before it can be
automated. This ensures that technological errors do not cloud the efficiency of the process
and cause confusion as to what the real problems are. Technology can also constrict
flexibility in the production process, making changeovers in production items difficult and
time-consuming. It is, of course, not always necessary to automate every production
process. This principle is an ideal approach for a small or start-up business, which does not

have the capital available to automate every process (Liker, 2004:159-168).

2.1.1.9 Principle 9: Grow leaders who thoroughly understand the work, live the
philosophy, and teach it to others

Lean Manufacturing focuses on growing your own leaders from within your company, rather

than buying them from outside the organisation. This is based on the concept of eliminating

muri (unevenness), as discussed in Principle 4 (Paragraph 2.1.1.4). It is important to ensure

that your philosophy remains constant, and to only change your philosophy to adapt as the

company and the people within it grows. The philosophy greatly depends upon the leader of

the organisation; the leader must promote the culture amongst the workers every day.

Another aspect is to understand what the customer wants. One way that TPS achieves this
is by selling door-to-door. This creates a personal bond between the company and the
customer, and it gives an idea of what the company and its products mean to the customer
(Liker, 2004:169-183).
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2.1.1.10 Principle 10: Develop exceptional people and teams who follow your
company’s philosophy

Lean Manufacturing focuses strongly on teamwork. All the systems are there to support the
team that are doing the value-adding work. But, although the teams co-ordinate their work,
motivate each other, suggest innovative ideas and even control peer pressure, they do not
actually perform the work. The individuals perform the work. As such, the individuals are the
most familiar with the problems that affect them and they are, therefore, at the top of the
hierarchy of the team structure. The rest of the hierarchy is there to support them (Liker,
2004:184-198).

2.1.1.11 Principle 11: Respect your extended network of partners and suppliers by
challenging them and helping them to improve

TPS views new suppliers cautiously and only places very small orders at first, until the new

supplier has proven their sincerity and commitment to Toyota’s high standards for quality,

cost and delivery. Lean Manufacturing’s need for continual improvement does not only apply

to its own people, but also to its network of suppliers and partners (Liker, 2004:199-220).

2.1.1.12 Principle 12: Go and see for yourself to thoroughly understand the situation
(genchi genbutsu)

This principle of Lean Manufacturing is based on grasping the actual situation, which can
only be fully understood by going to see for yourself, even if you are part of top-
management. Using data alone cannot identify the actual problem, as data is already one-
step removed from the process. However, more than just a superficial knowledge of the
process is required; it must be a deep understanding, which takes many years for
employees to master. In addition, these same employees must be able to identify the root
cause of the problem (Liker, 2004.:223-236).

17



2.1.1.13 Principle 13: Make decisions slowly, by consensus, thoroughly considering
all options, and implement those decisions rapidly

Lean Manufacturing leaves nothing to be assumed, everything must be verified. They

believe that how you arrived at the decision is just as important as the quality of the decision.

Five major elements have to be considered:

1. Finding out what is really taking place.

2. Understanding the underlying circumstances by asking “why” five times. An
application of the 5-Why analysis can be seen in Figure 7.

3. Broadly considering alternative solutions, then developing a detailed foundation for
the preferred solution.

4. Building consensus within the team.

Using efficient communication to complete steps 1 to 4.

Corresponding Level of

Level of Problem
Countermeasure

There is a puddle of oil on the shop | Clean up the oil
floor ‘

Because the machine is leakmg o:l Fix the machine

Because the gasket has deterior atcd chhce the g'lsket

Because we bought gaskets made of | Change glsket speaﬂcmons
inferior material

Because we got a good deal (price) | Change purchasing policies
on those gaskets

Because the purchasing agent gets Change the evaluation policy for
evaluated on short-term cost purchasing agents
savings

Figure 7: The 5-Why analysis (Liker, 2004:253)

A very important factor in Lean Manufacturing is set-based concurrent engineering, whereby
more than one alternative solution to a problem is considered in terms of the design and
manufacturing system. The term nemawashi describes the process of junior personnel
building a consensus by developing a proposal and circulating it broadly before
management approval. By doing this, many people are asked for their input, and it creates a

consensus before management implements the proposal. However, when a consensus
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cannot be reached before the alternatives have to be presented to management, then

management has the final say in which alternative will be implemented.

By going through the lengthy process of reaching a consensus, all the facts are gathered
before it is too late; it gets everybody on-board and creates support for the solution before
the planning stage commences (Liker, 2004:237-249).

2.1.1.14 Principle 14: Become a learning organisation through relentless reflection
(hansei) and continuous improvement (kaizen)

Once a stable process has been established, continuous improvement tools must be

employed to determine the root cause of inefficiencies so that they may be addressed. When

new processes are designed, it should allow for as little as possible inventory. The best

practises should be standardised to improve problematic procedures, rather than taking a

different direction whenever inefficiency is discovered (Liker, 2004:40-41).
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2.2 The theory of constraints (TOC)
The theory of constraints states that performance of a process is determined by its

constraints, meaning that a process is only as effective as its slowest or weakest link
(Blackstone, 2010).

2.2.1 The goal

According to Goldratt and Cox (2004), the goal of any organisation is to make money. There
are three measurements, called the global operational measurements, which are used to
determine whether an organisation is reaching its goal. These measurements are defined as
follows (Goldratt & Cox, 2004:40):

» Throughput — the rate at which the system generates money through sales.

* Inventory — the money the system invests in purchasing items that the system
intends to sell.

» Operating expenses — all the money the system spends while turning inventory into
throughput.

These measures can be linked to the bottom-line as shown below in

Table 1:

Table 1: The effects of global operational measures on the bottom-line (Goldratt &
Fox, 1986:31)

: Return on
Increase or Decrease Net profit : Cash flow
Investment
Throughout 0 1 0 1
Inventory ! 0 1
Operating expense ! 1 0 1
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2.2.2 The definition of a constraint

A constraint can be anything that prevents the system from achieving a higher performance
rate in comparison to its goal. A system is a collection of any parts or processes that work
together to achieve a common goal. There are different types of constraints, including the

following (Blackstone, 2010):

* Resource constraints, such as people or departments that cannot keep up with
demand.

» Policy constraints, which are management-related decisions or business cultures,
such as working hours.

» Dummy constraints, which are constraints that can easily be rectified. An example of
this would be to call out maintenance staff during afterhours, even though it is more
expensive to do so, because the extra expense does not outweigh the cost of

production lost due to waiting for maintenance during the afterhours shift.

Any system, no matter how well it performs, always has at least one constraint. As this
constraint is described as the weakest link in the system, there can always be just the one
constraint. The other weaknesses remain non-constraints until they become the weakest link
in the system (Goldratt & Cox, 2004).

2.2.3 The five focusing steps

Goldratt listed five steps for managing constraints that will be discussed below (Goldratt &
Cox, 2004:335). According to Blackstone (2010), adding two additional steps to the
beginning of the process, will make Goldratt's process of managing constraints more

complete. These two steps are:

1. Decide what the goal of the system is.

2. Determine what the system’s performance measures are.

Goldratt’s five steps are the following (Goldratt & Cox, 2004:335):

2.2.3.1 Identify the system’s constraint(s)
The part of the system that is its weakest link must be identified, and the type of constraint

determined.
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2.2.3.2 Decide how to exploit the system’s constraint
The constraint can be exploited by utilising the constraining component fully, without having

to make expensive changes or upgrades.

2.2.3.3 Subordinate everything else to the decision taken in step 2

After the best method of exploiting the constraint has been determined, the rest of the
system must be adjusted to enable the constraint to operate at its maximum capacity. The
result must be evaluated to determine if the constraint is still holding the system back. If so,

Step 4 should follow, if not, the constraint has been eliminated and Step 5 should follow.

2.2.3.4 Elevate the system’s constraint(s)
Elevating the constraint implies that whatever action is necessary to eliminate the constraint,

should be taken. This can involve major and costly changes to the system.

2.2.3.5 If in a previous step, the constraint was lifted, go back to step 1. Do not let
inertia cause a system constraint

Once the constraint has been lifted, the steps must be repeated again, to look for the next

constraint. The impact made by the changes required for the subsequently identified

constraints on the already improved constraints, must be monitored throughout the process

of improvement.
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2.3 Time and motion study
In order to apply the optimization methodologies such as Lean Manufacturing and TOC,

investigative tools are required to gain data from the production process at the organisation.

According to Groover (quoted by Wicaksana, 2013), motion studies are performed to
eliminate waste. The process to be studied must be divided into process activities classes.

There are five of these classes:

» Operations — Causes a change in the properties of the product.

» Transportation — The location of the product changes.

* Inspections — Confirmation that any changes are within specification.

» Delays — Time spent waiting for the start of an operation, transportation or inspection.

e Storage — Wait until the product is required by a next step.

After the process has been divided into activity classes, a time study can be conducted as
follows (Subasinghe, 2009):

1. Define and document the standard method.

2. Divide the task into work elements.

3. Time each work element.

4. Evaluate the worker's pace against the standard performance rating, to determine
the normal time.

5. Apply an allowance to the normal time to compute the standard time.

2.3.1 Normal time
The normal time (Nt) can be calculated by using the following equation:

Nt = (elemental average time) x (Rating factor)

2.3.2 Standard time
The standard time can be calculated using the following equation:

Standard time = (Observed time) x (rating factor) + (1 + Personal, Fatigue and Delay

allowances for the worker)
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2.3.3 Rating factor

The rating factor will be determined using the Westinghouse standard, which can be seen

below in Figure 8. The task is assessed according to the skill, effort, environment and

consistency it takes to complete it and the rating factor is added or subtracted as a

percentage on top of the normal time, by adding the total score to 1 to determine the rating

factor.
Skill ratings Environmental condition
Ratings
+0.15 Al | Superskill +0.06 A Ideal
+0.13 A2 | Superskill +0.04 B Excellent
+0.11 B1 | Excellent +0.02 C Good
+0.08 B2 | Excellent 0.00 D Average
+0.06 Cl | Good -0.03 E Fair
+0.03 C2 | Good -0.07 F Poor
0.00 D Average Consistency ratings

-0.05 El1 | Fair +0.04 A Perfect

-0.10 E2 | Fair +0.03 B Excellent

-0.16 F1 Poor +0.01 C Good

-0.22 F2 Poor 0.00 D Average
Effort ratings -0.02 E Fair
+0.13 Al | Excessive -0.04 F Poor
+0.12 A2 | Excessive
+0.10 B1 | Excellent
+0.08 B2 | Excellent
+0.05 Cl | Good
+0.02 C2 | Good

0.00 D Average

-0.04 El | Fair

-0.08 E2 Fair

-0.12 F1 Poor

-0.17 F2 Poor

Figure 8: The Westinghouse rating system (Cevikcan et al, 2012)
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2.3.4 Allowances
Allowances are made to compensate unavoidable delays that are bound to happen due to
variations in the process as well as the worker, which could not all have happened during the

time that the time study was executed. These are personal, fatigue and delay allowances.

Personal allowances for the worker’s physical needs like taking breaks. According to the

Indian institute of technology, Delhi (1ITD), 5% is considered appropriate.

Fatigue allowances are due to the physical nature of the task at hand. According to IITD, 4%
of normal time is considered appropriate under normal conditions for light work while seated.

For more vigorous work, it will have to be increased.

Delay allowances are for the numerous interruptions a worker will experience during the day
like material interruptions, fellow workers, difficulty maintaining specifications and tolerances.

According to IITD, 4% of the normal time is an appropriate value for to allow for this.

2.3.5 Flow process chart

A flow process chart can also be used to determine the time and distance travelled that was
lost due to wasteful activities. According to ASME Standard Operations and Flow Process
Charts (1947), a flow process chart is a graphic representation of the sequence of all
operations transportations, inspections, delays and storages occurring during a process or
procedure, including information considered desirable for analysis, such as time required

and distance moved. An example of a flow process chart can be seen in Figure 9.
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ALOW PROCESS CHART

SUBJECT CHARTED __RELIEF VALVE BODY CHART NO. 1021
DRAWING NO, _A-520612 PART NO. 16150 CHARTTYPE ——
CHART BEGINS _Barstock Storage CHARTED BY_J: Smith
CHART ENDS _Assembly Department Storeroom DATE _9-9-43

O OPERATION D TRANSPORTATION SHEET NO._1_OF _L_SHEETS
COSTUNIT_1 Valve Body
I:] INSPECTION D DELAY J STome:
NIT | UNIT | UNIT R~
MavED %&E’ “%f‘ﬁé"l"%?ﬁé“ LAY :{5% e odd PHOCPESS DESCRIPTION
F 7 H
FT. Hr Hr Hr Hr: Hr BOLS o ....-_f.'?.e‘?:?.g‘!‘:....MET oD
Stored in bar stock storage until
requisitioned
@ Bars loaded on truck upon receipt of
10 |.0002 requisition from machine shop (2 men)
210 .0002 I:b Moved to #301 machine
@ Bars unloaded to bar stock rack near
10 1.0002 #301 machine
4,00 % Delayed amtin_g for operation to begin
8 |.0550 ! Drill, bore, tap, seat, file, cut off
2,00 I:%) Delayed awaiting drill press operator
20 .00002 @ Moved to drill press by operator
8 |[.0350 @ Drill 8 holes
2,00 E) Delayed awaiting moveman .
300 .0011 @ Moved to burring department
1.50 B Delayed awaiting burring operation
6 _|.0100 @ Burr
2,00 E) Delayed awaiting moveman
Moved to seat lapping machine
550 + 0005 in detall department
6,00 ID Delayed awaiting operator
6 ].1700 |. Lap seat, test, and inspect
2.00 Delayed awaiting moveman
400 « 0004 E!E Moved to paint booth
6.00 Delayed awaiting painter
@ Mask, prime, paint, dry, ummask,
15 |.0380. and pack in box
@ Sent by conveyor to assembly department
425 storeroom
60.0 g Stored until requisitioned

Figure 9: Example of a flow process chart (The American Society of Mechanical
Engineers, 1947:15))



2.3.6 Process flow diagram

According to ISO 5807:1985, a flowchart is defined as the graphical representation of the

definition, analysis or problem solving method, using symbols to represent operations, data,

flow, equipment, etc. (International Organisation of Standardisation, 1985). Special symbols

are used to represent the stages of the process. An example of a process flow chart for

computer program can be seen in Figure 10.

Start
|
Arithmetic
process
within
computer

(e )——

Transtfer of
result
10 store

transfer
successful?

N

|
Yes

|
L
1

Transfer
result
from store

to computer

|

Is
transfer
successful?

v
Yes

Program stop:

No on manual restart
(Fau ) fovors o whar
error occurred and

tries again

No Check
transfer

Figure 10: Example of a process flowchart (The International Organisation of

Standardisation, 1985))
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According to Pigage and Tucker (1954), a process flow diagram can be created from the
process flowchart combining the symbols of the process flowchart onto a floor layout. An
example of how the flow process chart's symbols in Figure 11 can be combined with the

process flow diagram in Figure 12 can be seen below.

PROCESS CHART

Amproved METHOD

Page Lof L
Process_ Prepare bottled beverage to drink
Depts.. Home Ports Seda, Refrigerater, Opemer Port No's. _Nene
Cherted by___Jon Do« Date u:‘:;.&_
Distance Symbol Explanation
A4 Rest on sofa
Stand up
24 . ¢ Walk te wall cabinet
C Get glass
6 ft. [ Wolk to refrigerator
Open refrigerater door
¢ Get bottle of beverage
Close refrigerator door
3 g Walk to opener (on side of base cabinet)
C Open boftle
S fr, s Walk to sink
Pour beverage infe glass
Set bottle aside in sink
30 ft. > Walk to sefa
Sit down
¢ Rest on sofa
SUMMARY
Improved Methed  Original Methed Savings
No. of operations 9 9 -
No. of movements 5 s =
Distance of movements @9 ft. 99 fi. 30 F+.
Neo. of storages 2 = P

LEP-52-Farm)

Figure 11: Example of a process flow chart (Pigage & Ticker, 1954:16)
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Figure 12:

Example of a process flow diagram (Pigage & Ticker, 1954:17)
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2.4 Critical review of production optimization theory applicable to the

case study organisation

Lean Manufacturing and TOC are traditionally applied to large multinational manufacturing

organisations.

One of the challenges of this study is to apply these methods to a case study organisation
with only 25 employees. Therefore, the researcher had to distil the fundamentals of these
strategies so that it could be applied at the organisation. The methodologies will not be

applied exactly as they are.

The basic philosophy of Lean Manufacturing is that ideal condition exists where no waste
exists and it is based on 14 management principles. Many of these principles are meant for
large organisations, like in the case of Toyota, they help to develop their philosophy in the
network of suppliers. As the case study organisation is small and not all of these principles
are directly applicable, the basic philosophy will be focussed on, which is to strive to create
the ideal condition where no waste exists. A value stream map will be used to identify the

wasteful activities.

During the preliminary observations into the necessity of this investigation, it was found that
production time was lost because the process had to wait for raw materials to be delivered
and the workstations were placed far apart causing excessive motion of the product.
Therefore, it was decided that together with Lean Manufacturing principles a time and motion
study must be conducted to help identify where the waiting times was the biggest concern as
well as where unnecessary motion was originating from. The need for a flow process chart
and flow diagram was also realised in order to visualise the flow. As suggested by Lean
Manufacturing principles, a 5-Why analysis will be used to determine the root causes of the

problems, so that possible solutions can be identified.

TOC states that the performance of a process is determined by its constraint. The first step
of TOC is to identify the constraint. As the causes for the problems at the organisation can
already been identified by means of Lean Manufacturing principles and a 5-why analysis, the
operational measures of TOC will rather be used to determine the benchmark for the
optimization plan. These measures - throughput, inventory and operating expense can be
used to determine if the proposed optimization plan will increase the profit in the

organisation, which is the goal according to TOC.
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3 Investigational procedure

From the knowledge gained in the literature survey on optimization methodologies an
investigation into current practices at the organisation was launched to determine the root

causes of the problems that were causing the production plant to function non-optimally.

The wasteful activities will be identified and eliminated, using a value stream map, according

to the principle 4 from Lean Manufacturing (Levelling out the workload).

The goal of any organisation, according to TOC, is to make money. The operational
measurements, which determine if this goal is reached, are throughput, inventory and
operating expense. These measures will be used as a benchmark to determine if the
proposed optimization plan will help the organisation to increase its ability to make money,

and obtain its goal.

An investigation will be launched to find the wasteful activities and to determine the effect the
wasteful activities has, as well as their proposed solutions will have on the operational
measurements. From this, the wasteful activities will be identified and a value stream map
can be created to determine which activities are wasteful, and which are wasteful but

necessary.

The methodology for the investigation as given below:

3.1 A flow process chart

This will be used to visualise the flow of the process. A time and motion study will be
conducted to determine the time and distance travelled during the production process, as

discussed in paragraph 2.3 (Time and motion study).

3.2 Avalue stream map

A value stream map will be created to identify the wasteful activities in the production
process as described by Lean Manufacturing — Paragraph 2.1.1.4, using the flow process

chart and the time and motion study.
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3.3 A process flow diagram
A process flow diagram, depicting the floor layout of the production process, will be created
to understand better where the motion of the product is causing wasteful activities, as

described in paragraph 2.3.6.

3.4 A 5-Why analysis to determine the root causes
Once the wasteful activities have been identified, a 5-Why analysis will be conducted to
determine the root cause of the problems causing the wasteful activities, based on Lean

Manufacturing (paragraph 2.1.1.13).

3.5 The operational measures based on TOC

The operational measures described by TOC are throughput, inventory and operating

expense. At the organisation, they were the following:

1. Throughput — Production rate, obtained from the production reports.
2. Inventory of raw material and finished product — Stock take and cost of raw materials.

3. Operating expense — Production and raw material expenses.

These operational measures were determined by various reports from the production and
financial departments and were used as a comparison tool to verify the estimated

improvements that would be achieved with the implementation of the optimization plan.

3.5.1 Throughput
The production reports in Appendix C: Total production and operating hours, were used to

determine the following:

* The production rate.
» The average annual operating hours.

» The average annual production of final material.
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3.5.2 Inventory

To determine the effect on the inventory, the following expenses were used:

» The annual combined expense of raw materials and packaging materials for
production and stock-levels (Table 10, Inventory).

» The additional packaging expense, due to rework of out-of-specification product.

» The once-off cost of raising the raw material levels to the minimum buffer for stock

levels (Table 13, Prioritisation and buffer levels of raw materials at the ).

These figures were used to determine what effect the acquisition of more raw materials
would have on the bottom-line. As the raw materials were ordered for when orders were
placed, the majority of the expense on inventory was for the purpose of production, and not
for inventory to maintain stock-levels. There were, however, a few items for which a buffer
was kept, so the expense on inventory for production and inventory for stock were

combined.

3.5.3 Operating expenses

In order to obtain insight into the productivity of the batch process, the production reports for
the previous four years, 2009 to 2012, were summarised (Appendix C: Total production and
operating hours). The production plant was relocated to a different building at the end of
2008, therefore, only the data obtained from 2009 onwards could be used to gain insight into

the operating expenses of the process.

The cost of production and quality control was determined by investigating the expenses of

the production plant. The following expenses were taken into account:

» The average cost per operating hour.

» The average operating cost per year.

These expenses were used to determine what effect the optimization plan would have on the

operating expense.
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3.6 Summary

The investigative methodologies were used to obtain the results as presented in Chapter 4
(Results from the investigation) and the operational measures were used as part of the
optimization plan in Chapter 5 to determine what effect the optimization plan would have. A

summary can be seen in Table 2.

In order to determine if the proposed optimization plan would have a positive effect, the
operational measures as described by TOC will be used as benchmark measurements. The
investigative methodologies will be used in combination with the operational measures from
TOC to visualise the process, identify wasteful activities, increase the production flow and

identify the root causes of the problems.

Table 2: Tools and measures used during the investigation

Investigative method or

_ Reason

operational measure
3.1 Investigative method
3.1.1 Flow process chart Visualise the process clearly
3.1.2 Value stream mapping Identify wasteful activities
3.1.3 Process flow diagram Create better flow
3.14 5-Why analysis Identify the root causes of problems
8.2 Operational measure
321 To determine the effect of the optimization plan

e Throughput
on throughput

3292 Inventory of raw materials and  To determine the effect of the optimization plan

finished product on inventory
323 To determine the effect of the optimization plan

Operating expense .
on operating expense
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4 Results from the investigation

After completion of the investigation plan, as outlined in Chapter 3, the results gained from
using the investigative methodologies are given below according to their corresponding
paragraph numbers:

4.1 A flow process chart was created.
4.2 A value stream map was drawn up.
4.3 Process flow diagram was drawn up.

4.4 The root causes were determined by means of the 5-Why analysis.

The results were used to create the optimization plan for the organisation. The operational
measures from TOC were used as a benchmark for the estimated improvement gained from

the optimization plan.

4.1 Flow process chart

The first step after receiving a request from the client was to determine what the correct
product would be for the specific application. If no such product had been formulated before,
then a new product would be designed, or an existing product would be redesigned to fit the

specific purpose.

The process for the initial design of a product followed the following path: the laboratory
produced small-scale samples to test the characteristics of the test product. When a
formulation was found that complied with the customer requirements, the test sample and its
results were used for quotation purposes. However, due to poor recordkeeping by the
laboratory, or incomplete sample testing, the test results or the formulation design were often
misplaced following the quoting phase.

Once the correct product was selected and the estimated tonnage calculated (using the
drawings provided by the client), a quotation was given to the client. If no drawings of the

relevant surface for application were provided, then a quotation was given per ton.

After receipt of a purchase order for a newly designed product, the laboratory sampling and
tests performed initially often needed to be redone, due to the stated recordkeeping
deficiencies, to determine the exact composition of the product as quoted, and to ensure that

the product would conform to the specifications of the quoted product. This period also
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allowed for the opportunity to improve upon the product specifications and to up-scale the

test sample batch.

Once the order was received, the relevant raw materials were ordered, as there is often not

enough stock due to poor stock management.

After receipt of the raw materials, the raw materials were screen tested by the laboratory to
ensure that the particle sizes of each product were within specification. Once the raw
materials had been approved, production could commence. The production line was cleaned

and the raw materials transferred from the store area to the production line.

Premixing was started before bulk production commenced, as a premix must be mixed for a
longer time to achieve a uniform mixture. Production then continued alongside the premixing

station.

Quality control samples were taken from the bulk mixer once mixing was completed, to
ascertain that the up-scaled batch comprised of the same specifications as that of the small-
scale laboratory test samples. If the samples indicated that certain specifications were
nearing their established control limits, adjustments could be made during production to
avoid the production of out-of-specification product. This step also allowed for the issue of a
proof of quality conformance certificate to the customer. If the material was found to be out-
of-specification, either during or after production, then the product had to be reworked and
retested. This caused delays and additional production costs, but ensured customer

satisfaction.

The finished product was bagged, stitched, and packed onto pallets and moved with forklifts
to the wrapping station. After stretch wrapping the order, it was moved to the final product

bay with a forklift, from where it would be dispatched.

The flow process chart can be seen below in Figure 13. The time elapsed and the distance
travelled were determined by conducting a time and motion study, as discussed in
paragraph 2.3 (Time and motion study) and can be found in Appendix A: Time and motion

study.
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Distance

Store the finished product until dispatch

travelled Time elapsed | Symbol | Process description
@ Receive order
37.14 min [i:] Ensure that the manufacturing plan is correct
10.87 hours @ Test the manufacturing plan in the lab
82.76 min [':] Inspect the raw material levels
2.27 days E> Wait for ordered materials
33.81 min / ton @ Receive and screen raw material
o A
26.23m E{> Move accepted raw materials into store
K% Store material until requisitioned
27.07 min d) Clean the production line
128.71 m [%l> Move material from the store to the production line
26.10 min é} Load the production line
5.70 min é) Check the material against the manufacturing plan
2.95 min EE.:] Inspect the calibration of the scales
36.51 min Ef) Calibrate the scales
11.61 min/ ton é) Premixing and batching of materials into the trolley
12.09 min / ton Mixing of the materials
8.05 min / ton Qb Bag the material and stich the bags
13.§a8tcnr]1m / [%:l Test the quality control samples of every fifth batch
13.67 Wait for approval of quality control samples
min / batch P quaity P
'
35.79m (3? Move the product to the wrapping station
12.63 min / ton Wrap the pallets of finished product
¥ _ -
3259 m E’? Move the material to the finished product bay

Figure 13: The flow process chart for the organisation
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In the value stream map (Figure 14), the non-value-adding, but necessary, activities are

illustrated in blue. These activities were:

» Ensuring that the manufacturing plan for the material is correct.
» Stock check of the raw material levels and screen testing the incoming raw material.
» Cleaning the production line.

» Calibration and quality control.

These activities are all necessary, so they cannot be removed.

4.2.1 Wasteful activities at the organisation
The activities that contributed nothing to the customer, and could be considered as wasteful
activities (as explained in paragraph 2.1.1.4.1), are illustrated in red (Figure 14). These

activities were:

1. Retesting of laboratory test samples, as this is only necessary due to poor record
keeping.

2. Waiting for receipt of ordered raw materials.
Reworking of out-of-specification product.

Excessive movement of product between workstations.

These activities were analysed in paragraph 4.4 to determine the root cause of the problem
(5-Why analysis to determine the root causes). These four wasteful activities were the

problems that had to be addressed in the optimization plan.
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4.3 The process flow diagram

The process flow diagram of the production process can be seen below in Figure 15. The
arrows indicated the movement of the process, and the symbols correspond to the flow
process chart in Figure 13. The process starts at the office with process 1, and moves in
direction of process 10 at the wrapping station. There are two production lines that are not in
operation at the same time, as there are not enough labourers to operate both production
lines at the same time. The one line is used for dry finished product only, and the second
was used for pre-wetted materials, containing oil or tar. Separate production lines are
required, as the production line for pre-wetted product would contaminate the production line
for the dry finished product. The raw materials are collected from the storage area and taken
to the batching stations by one forklift. This forklift continuously supplies the production line
with raw materials as required. Once the batch had been mixed, bagged and stitched, it was
packed onto pallets. A second forklift transports a pallet of finished product, weighing 1 ton,
to the wrapping station. Once wrapped, the pallet is taken to the final product bay by the

same forklift.
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Figure 15: The process flow diagram
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4.4 5-Why analysis to determine the root causes

To determine the root causes of the wasteful activities found in paragraph 4.2.1 (Wasteful

activities at the organisation); the 5-Why analysis was used according to Lean Manufacturing

(paragraph 2.1.1.13). In order to determine the causes of the problem, the question of why

the problem existed, was asked. From that answer, the question of “why?” was asked again

another four times, to reach the root cause level 5. These root cause levels for wasteful

activities will be discussed below and will form part of the optimization plan.

The following representatives were interviewed as part of the 5-Why analysis:

» The managing director (Greeff, F.A., 2013)
» The financial director (Greeff, S.C., 2013)

» The operation manager (Pretorius, 2013)

» The quality control representative (Hé&nn, 2013)

4.4.1 Problem: Unnecessary retesting of laboratory test samples

1. Why?

2. Why?
3. Why?
4. Why?

5. Why?

Due to poor recordkeeping in the laboratory the tests results were incomplete
or missing.

The laboratory manager does not enforce proper recordkeeping.

The recordkeeping process is time consuming.

The data collected during testing was recorded on paper sheets and all

calculations have to be done by hand.

The data was recorded on paper because of reluctance from the laboratory

manager to move to a computerised system.

4.4.2 Problem: Waiting for raw materials

1. Why?
2. Why?
3. Why?
4. Why?

Insufficient levels of raw materials.
Stock levels were not replenished after a previous order had been filled.
The raw material levels are not monitored.

No minimum levels have been determined for the raw materials.
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4.4.3 Problem: Excessive movement of product

1. Why?
2. Why?

3. Why?
4. Why?
5. Why?

The wrapping station is far away from the production lines.

There is only one wrapping station and there is no space for it to be closer to

the production lines.
The initial layout of the production lines did not consider this.
Lack of experience.

The business moved to new premises in 2008 and the second production line
was then added. Before then no one realised the effect two production lines

would have on the floor layout.

4.4.4 Problem: Rework of out-of-specification final product

1. Why? Laboratory results of quality control conducted during production found final
product to be out-of-specification.

2. Why? Variations in measuring of quantities and ratios of raw materials occurred
during the production process.

3. Why? Variations occurred because shortcuts were taken by the production
department.

4. Why? The correct procedure is time consuming and the personnel do not
understand the importance of following the procedure.

5. Why? An environment exists where small deviations from the procedures are
constantly allowed, causing the personnel to deviate from the procedures
when it suits them, not knowing what the consequences will be.

4.5 Summary

The problems are summarised with their root causes, as well as the proposed solutions, in

Table 3.

These proposed solutions were used to create the optimization plan in Chapter 5. The

operational measures were used to determine the estimated effects these solutions would

have on the bottom-line.
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5 Optimization plan and estimated improvements

Using the results found in the investigation, a plan for improvement, or optimization plan,
was created using the methodologies from the literature survey to solve the root causes of

the problems as summarised in Table 3.

Each problem, with its root cause and proposed solution, is discussed separately as well as
the separate effect that each solution would have on the operational measures - throughput,
inventory and operating expense. The combined effect that the optimization plan would have

on the operational measures is calculated based on the increase in profit from sales.

5.1 Eliminating the need to retest laboratory test samples
As the root cause for poor recordkeeping in the laboratory was identified as the laboratory
manager’s reluctance to change to a computerised system, it was decided that the

recordkeeping process must become a clerk’s responsibility.

The proposed solution is to place the Safety, Health, Environment and Quality control
(SHEQ) officer in charge of recordkeeping in the laboratory. It will be his responsibility to
implement and maintain a computerised recordkeeping system in the laboratory. He will not
report to the laboratory manager, and is already responsible for the internal audits and
quality control procedures of the entire organisation. Therefore, it would be in line with his

other duties.

The computerised recordkeeping system would simply replace the paper-based
recordkeeping procedures that are already in place, but it would speed up the process and
thereby allow for better data recording, without keeping the laboratory assistant away from

his duties.

5.1.1 Effect on throughput

If retesting of test samples could be eliminated, then the lead-time of a product could be
shortened. Apart from the benefit of decreased lead-time on the purchase order, the delay
also resulted in lost operating hours. An average waiting period of 10.87 hours was
calculated in the time and motion study in Appendix A: Time and motion study, for the

laboratory to retest test samples.
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According to Greeff, F. A. (2013), who managed the communication of a new purchase order
to the laboratory and the production department, on average the production department had
to wait 3 times per month for the laboratory to retest test samples. The following could then

be calculated:

times hours
10.87 hours x 3 = 32.61 waiting
month month
hours

32.61 hours X 12 months = 391.31 waiting

year
As the average production rate was 2.216 tons/hour, according to the production reports in
Appendix C: Total production and operating hours, the increase in additional production that

could have been produced per year, can be determined as:

tons hours
2.216 x 391.31
hour year

= 867 tons per year

The average total tons of material produced per year was 5084.575 tons (Appendix C: Total
production and operating hours). The estimated increase in production as a percentage of

the current total production per year can be calculated as follows:

867

- 100% = 179
5084.575t0nsperyearx 00 % 7%

An estimated increase of 17 % in the average total tons produced per year would be the

result, were it not necessary to wait for retesting.

5.1.2 Effect on inventory

The inventory of raw materials and final product would not be affected directly by eliminating
the need to retest laboratory test samples, as the raw materials used in the laboratory is a
very small percentage of the total inventory.

5.1.3 Effect on operating expense

The effect on the operating expense could be determined by calculating the total operating
expense that was wasted on standing hours as calculated in paragraph 5.1.1. The average
production cost per operating hour was R2 233.40 (Appendix C: Total production and
operating hours). As the manufacturing plan can only be finalised once the laboratory test

have been completed, production cannot start. This means that the production lines are not
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working and the labourers have nothing to do. The total operating cost spent per year on
standing time would then be:

R2 233.40 hours
—— X 391.31—— = R873 951.75 per year
hour year

With the average total operating expense, or production overheads, per year at
R5 145 273.04 (Appendix D: Bottom-line measures based on TOC), the estimated average
decrease in operating expenses based on the total annual operating expense, can then be
calculated as:

R 873 951.75

v 0 — 0
R 5145 273.04 x 100 % 17%

5.2 Eliminating the need to wait for raw materials

A proper stock take system is needed to monitor essential raw material levels, in order to
allow the stock manager to order raw materials in advance when a minimum level has been
reached and needed to be replenished. The procedure needs to be revised and monitored

properly, as part of the quality control process.

A combined input has to be considered that involves the financial, purchasing and
production departments. The physical space available and the logistical aspects of the

distance and cost to obtain the raw materials have to be taken into account.

The purchase of raw materials can be expensive. If all the raw materials that are their
minimum buffer had to be replaced at once, it would cause cash-flow problems within the
organisation. It is, therefore, suggested that the raw materials should be divided into
categories, such as “used often, in large quantities”, “used seldom”, or “used in very small
guantities”. Alternatively, they can be divided into “high”, “medium” or “low” priority,
according to the usage history. These categories can be used to determine which raw
materials must be replaced first. If cash flow is restricted, then the less critical raw materials
that are used seldom or in very small quantities can be replaced in the following months. A
minimum level must be indicated and a “pull” system, based on Lean Manufacturing, must
be used to determine when that buffer has been depleted, as described in paragraph 2.1.1.3
(Principle 3: Use “pull” systems to avoid overproduction). A visual indicator of the buffer
should be placed next to the raw materials so that all staff could see when such a level has
been reached. This, along with the traditional stock list, will ensure that raw materials are

being monitored by all the production staff involved. All staff must be trained to observe
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stock levels and to report stock-related problems to their line managers, so that it may be
escalated to the stock controller.

With this guideline for minimum stock levels based on the “pull” system from Lean
Manufacturing, one person can take ownership of the purchasing list. The ideal situation
would be for the store assistant that conducted the weekly stock checks, to have the
minimum stock levels for raw materials indicated on his checklist. Once the check was
completed, he can write a purchase note, to be approved by the stock controller, for the
required amount of raw materials. The purchase note would then be given to the purchasing
department to place the orders. Allowances should be made by the stock controller for the
purchasing department to adjust the amounts by a small degree if the transporter or supplier

required a certain minimum order.

5.2.1 Effect on throughput

According to Greeff, F.A. (2013), the need to wait for raw materials occurred on average four
times per month, based on the delay of supplying material to clients who needed it urgently.
As the average waiting time for raw materials was calculated as 2.27 days according to the
time and motion study in Appendix A: Time and motion study, the lead time of the product

would increase with an average of 2.27 days, four times each month.

As there are eight working hours per day, the 2.27 days spent waiting, will consist of 18.16
working hours. The production line was not used continually, as the steps in the procedure
before production can start are still required. These are the steps as listed in Figure 13 (The
flow process chart for the ). The time that elapsed from the first step — ensuring that the
manufacturing plan is correct to the last step before production — calibrating the scales was
215.53 minutes, or 3.59 hours. This was calculated by adding the times from the flow
process chart in Figure 13 for these steps together. That would mean that 14.57 operating

hours were lost due to waiting for the raw materials. The following could then be calculated:
14.57 hours X 4 times per month = 58.28 hours spent waiting per month
58.28 hours X 12 month = 699.36 hours spent waiting per year

As the average production rate was 2.216 tons/hour, according to the production reports in
Appendix C: Total production and operating hours, the decrease in production could be
determined as follows:

tons
2.216 hour X 699.36 hours = 1 549.78 tons lost due to waiting
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Therefore, 1 549.78 additional tons of product could have been produced per year, had it not

been for time wasted due to waiting for raw materials.

As the average annual production, or total tons produced per year, was 5 084.575 tons
(Appendix C: Total production and operating hours), the increase in throughput had time not

been wasted, can be calculated as follows:

1549.78

€ Q4 c7C 1 0p = 489
T 08457 ons per year X 100 % = 30.48 %

5.2.2 Effect on inventory

The list of raw materials with their minimum required levels, was determined by the
production, Pretorius (2013) and financial departments, Greeff, S.C. (2013). The raw
materials were prioritised according to frequency of use, the average amount used and the
level of difficulty of obtaining these raw materials. The priority levels were classified as
“high”, “medium” and “low”. A shortened example of this list can be seen in Appendix E:

Prioritisation and buffer levels of the raw materials.

If all of these raw materials were to be increased to their minimum buffer levels, the total
expense of the raw materials would amount to R2 194 915.37 (Appendix E). As the average
annual inventory was R15 496 506.87, according to Appendix D: Bottom-line measures
based on TOC, the total increase in inventory would be 14 %, if the additional expense were
calculated as a percentage of the average annual inventory. As this would be a once-off
expense that will only occur in the first financial year, this increase was not used to calculate
the effect from the optimization plan. Once the buffers have been created, the raw material
purchasing trends will continue as before, and the average profit will increase because the

income from sales of final product will balance out with the purchase of raw materials.

The raw materials could also be acquired in a staggered fashion, according to their priority
level, to spread out the expense of raising all raw material levels to their determined

minimum levels.
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5.2.3 Effect on operating expense

The effect on the operating expense can be determined by calculating the total operating
expense that was wasted on standing hours. The average cost per operating hour was
R2 233.40 (Appendix C: Total production and operating hours). The total operating cost

spent on standing time per year, calculated in paragraph 5.2.1 was:

R2233.40

hour X 699.36 hours = R1 561 950.62 per year spent on standing time

The average operating expense per year was R5 145 273.04 (Appendix D: Bottom-line
measures based on TOC). Had standing time not occurred, the estimated average decrease
in operating expenses can be calculated as a percentage of the total annual operating

expenses, as follows.

R1561950.62

- 0 — 0
R5 145 273.04 x 100% = 3036 %

5.3 Eliminating excessive movement of product during production

The two production lines were placed away from each other (as seen in Figure 15) to create
space for the two forklifts to pass each other. One forklift can be used to both feed the
production line with raw material and transport the finished material between the pallet
station and the wrapping station, but a second forklift is used for the transportation of the
finished product to speed up the production process. This is adding more cost to production,
as an extra driver is required, as well as increased fuel consumption and maintenance. The

solution for the production rate is, therefore, causing the process to perform non-optimally.

By rearranging the floor layout of the production plant, the production lines can be moved
closer together so that the wrapping station can be placed at the end of both production
lines. The pallet packing and wrapping can occur at the same location, eliminating the need
for the pallets to be transported between these stations. The second forklift will no longer be
required to move the finished product, as the first forklift will only need to move it to the
finished product bay, which it can do between raw material runs. The proposed floor layout

can be seen in Figure 16.
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Figure 16: The proposed optimization of the production plant layout

As the second forklift was required for offloading incoming raw material as well as helping
with the production line, the remaining forklift will have to off-load incoming raw materials if it
arrives while the production line is in action. This might cause a pile-up at the workstations if

the forklift cannot transport the materials quick enough.

However, the pile-up of product will only occur between the wrapping station and the final
product bay. Because the raw materials are loaded in 1-ton bulk bags at a time, and each
mix will only require a percentage of each bag, the bags are not changed regularly and the
forklift can quickly load the new bags between off-loading the material from the trucks. The
pallets at the wrapping station have to be changed with every ton of finished product, which
according to the average production rate in Appendix C: Total production and operating
hours, is 2.216 tons/hour. This still will not cause a great problem if the off-loading of the
trucks has to be interrupted, but if a pile-up does occur, the pallets at the wrapping station
can be moved aside with a manual pallet forklift. The organisation already owns a manual

pallet forklift, so there will not be any additional costs.
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5.3.1 Effect on throughput

The forklift has to transport the pallet of final product from the pallet packing workstation to
the stretch-wrapping station. According to the time and motion study in Appendix A, the
average distance travelled during this step is 35.79 m. Based on the specifications of the
forklift (Hyster Europe, 2014) the average speed that the forklifts can travel is 16.7 km/h,
which can be converted to 4.64 m/s. Based on this speed, it would take the forklift 7.7
seconds to transport the pallet of finished product to the wrapping station. If the production
plant was rearranged, as proposed in Figure 16, the forklift would no longer be required to
transport the pallet of final product between these two stations. As each pallet contains a ton
of final product, it could be assumed that this would decrease the production time per ton of
final material, with 7.7 seconds, which means that a ton of finished materials can be

produced 7.7 seconds faster than before.

The average production rate was 2.216 ton/hour (Appendix C: Total production and
operating hours). To convert this to a rate of ton/second, it must be divided by 60 minutes

and divided again by 60 seconds:

tons

2.216

tons
——Bour — 0369 —
6 utes minute
hour
0.0369 — tons
—[mnute _ .000615
seconds second
minute

To convert this rate to the amount of seconds it takes to produce a ton of finished material,
the inverse is calculated:

1
0.000615

= 1626 seconds/ton

tons

second

If 7.7 seconds was gained on average for each ton of final product produced, then the rate 1

626 seconds/ton will be decreased with 7.7 seconds:

1626 —7.7 =1618.3 seconds/ton
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To determine the production rate tons/second, the inverse must be calculated again and the
rate converted to tons/hour as follows:

= 0.000618 tons/second

seconds
1618.3 o
tons seconds ]
0.000618 X - = 0.03708 tons/minute
second minute
tons minutes
0.03708 —; X60 = 2.2248 tons/hour
minute hour

Therefore, if the unnecessary movement of the material between the production line and the
wrapping station can be eliminated, the estimated average increase in the annual production
rate would be:

(2.2248 — 2.216)
2.248

X100 % = 0.4 %

5.3.2 Effect on inventory
Inventory levels would not be affected as no additional raw materials would be required and

once final product had reached its buffer, production would be suspended.

5.3.3 Effect on operating expense

As the second diesel-powered forklift can be removed from the production process, it can be
assumed that the operating expense for the forklift will be halved, as there were only two
forklifts. The average total expense for the forklifts was R321 873.29 (Appendix B: Total
expense for the organisation). If it is to decrease with 50%, then the estimated decrease in
cost for the forklifts will be R160 936.64 per year.

According to Appendix D: Bottom-line measures based on TOC, the average operating
expense for the entire production process, or production overheads, are R5 145 273.04. The
decrease in operating expense caused by the removal of one of the diesel-operated forklifts
can then be calculated as follows:

R 160936.64

o 0, = 3.13 0
R5145273.04X100/0 3.13%
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5.4 Eliminating the need to rework out-of-specification final product

As the root causes for the out-of-specification final product was due to the unwillingness of
the labourers and managers to follow the procedures, the ideal situation would be to
minimise the need for manual labour as far as possible. To automate the entire production
plant would, however, require a significant financial investment that could not be justified at
the time. The solution would be to train the employees and the managers on the importance

of the procedures to ensure that no mistakes are made during the mixing process.

5.4.1 Effect on throughput

The average amount of rework was not documented, therefore, the exact percentage of
rework could not be determined. According to Greeff, F.A. (2013), the estimated average
rework was 12 tons per month, based on complaints that was received from customers
during the past year as well as internal quality control tests. The following can then be

calculated:

tons
12 tons per month X 12 months = 144 ——
year

If the rework of the 144 tons of out-of-specification product could be eliminated, then based
on the average annual production of 5 084.575 tons per year (Appendix C: Total production

and operating hours), the average increase in throughput would be:

144

mtans per year = 2.8% per year

5.4.2 Effect on inventory

In order to rework the out-of-specification product, additional raw materials have to be taken
from inventory. In most cases, a raw material has to be added to increase its percentage in
the mix, or if there is too much of a certain raw material, several others had to be added to
lower its percentage in the mix. In either case, there will be excess final product after rework,

which will also lead to waste, as it will need to be scrapped.

Additional raw materials had to be purchased to rectify the out-of-specification product and
inventory would increase. As there is no record of rework or scrapped material, the effect on

inventory cannot be determined precisely.
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According to Greeff, F.A. (2013), approximately half of the out-of-specification material was
found by the internal quality control tests before the product was dispatched. This meant that
adjustments could be made to the material and it did not need to be scrapped. The other half
of the out-of-specification materials were already dispatched and had to be replaced. This
then means that at least 50% of the raw materials used for the 144 tons of out-of-
specification material had to be replaced, which would be 72 tons per year. This can be
determined as a percentage of the total average production of 5084.575 tons per year,

(Appendix C: Total production and operating hours) as follows:

72 tons per year
5084.575 tons per year

= 1.41 % of total production to replace raw material

It can be assumed that the average annual expense on raw materials, R14 574 756.63,
(Appendix B: Total expense for the organisation), will also decrease with 1.41 % as it will not

be necessary to replace raw materials.

The packaging for the out-of-specification material was also scrapped. The average
packaging cost per ton of final product is R178.09 (Appendix C: Total production and
operating hours). Therefore, if the manufacturing of out-of-specification final product could

be eliminated, then the decrease in inventory of packaging material will be as follows:

R178.09

ton X 144 tons = R25 644.96 less packaging per year

The average annual expense on inventory was R15 496 506.87 (Appendix D: Bottom-line
measures based on TOC). The estimated decrease in inventory would then be:

R25 644.96
R15 496 506.87

X100 % = 0.17 %

The combined effect of the decrease in raw materials and the decrease in packaging

material would then decrease inventory with:

141 %+ 0.17% = 1.58 %
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5.4.3 Effect on operating expense
According to Appendix C: Total production and operating hours, the average production rate
was 2.216 tons/hour. The operating hours that could be gained by eliminating the rework of

the 144 tons of out-of-specification product would be:

144 tons

= 65 operating hours gained
2.216 ==

hour

At an average cost per operating hour of R2 233.40 (Appendix C: Total production and
operating hours), the operating expense for this out-of-specification product could be

determined as follows:
65 hours X R2 233.40 = R145 171.00 per year

Based on the average annual operating expense of R5 145 273.04 (Appendix D: Bottom-line
measures based on TOC), the estimated decrease in operating expense due to the

elimination of this additional expense, can be calculated as:

R145171.00

- v 0 — 0
R5 145 273.04 *x100% = 2.8%

The expense of the wasted raw materials could also be added to the operating expense, but
as there was no official record of rework of out-of-specification material, it cannot be

determined accurately.

5.5 Summary

The estimated results from the optimization plan and the combined decrease in operating

expense can be seen below in Table 4.
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The total estimated effect of the optimization plan in Table 4 was used to determine what the
effect on the profit would be. The changes in the operational measures would each affect
certain other measures. The effect the changes from the optimization plan would have on

the actual values of the operational measures can be seen below in Table 5.

Table 5: The effects the changes from the optimization plan would have on the
operating measure

The actual values of the operational measures

Operating expense Inventory Throughput

The change caused by the optimization plan

Operating expense
Operating does not have an effect
expense on inventory as they

affect throughput
are separate expenses

The operating expense
Will be effected of production would not

Inventory does not have

an effect on operating ) )
Inventory Will be effected a direct effect on
expense as they are

Inventory does not have

throughput
separate expenses
Changes in throughput
due to increased Throughput caused an
Throughput efficiency would not equal increase in Will be affected
affect operating inventory
expense

The increase in throughput would affect the value of the income generated from sales of
product, as well as the inventory due to the additional expense on raw materials needed for
the increase in production. All expenses were included in operating expense and inventory,

and all income was derived from throughput.

The value of the actual combined effect from the optimization plan on the operational
measures can be seen in Table 6. The value of the effects on each operating measure, as
illustrated in Table 5, were indicated in the cells below each operational measure. The
throughput was calculated by taking the average of the sales income for the same period as
the inventory and operating expenses. The profit and profit percentage increase from sales
indicated the combined effect on the bottom-line from the optimization plan. The percentage

increase in profit was determined to be a 14.67 %.
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5.6 The prioritisation of the problems in the optimization plan

As not all the problems can be addressed at once in the optimization plan, the problems
have to be prioritised. They were prioritised based on the effect that they will have on the
operating expense, as the profit will increase by lowering the cost of production, as indicated
by Lean Manufacturing. If the problems are eliminated then the operating expense will

decrease for the organisation. The prioritisation can be seen below in Table 7.

Table 7: the prioritisation for the optimization plan

Item Score based on reduction o
Problem _ Priority
number of operating expense
1 Retesting of laboratory samples -17 % 2
2 Waiting for raw materials -30.36 % 1
3 Excessive movement of product -3.13 % 4

Rework of out-of-specification final
4 -2.8% 3
product

Based on the scoring and prioritisation of the problems according to the effect on the

operating effect the optimization must then be implemented in the following order in Table 8:

Table 8: The optimization plan priority and solutions

Order Problem Solution

Determine the minimum amounts of raw materials and
1 Waiting for raw materials empower one person/stock manager to maintain minimum

stock levels.

Retesting of laboratory Appoint a clerk to take responsibility for the recordkeeping

2
test samples and procedures in the laboratory.

3 Rework of out-of- Train the employees and managers on the importance of
specification final product following the procedures.
Excessive movement of o ]

4 Rearrange the floor plan to minimise excessive movement

product
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6 Discussion of results

A critical evaluation of the results from the optimization plan will be discussed in this chapter.

6.1 The results from the combined effect of the optimization plan
Based on the improved values estimated in Table 6, the following graphs were created to

visualise the potential improvements due to the optimization plan.

R 45000 000.00

R 40000 000.00

R 35000 000.00

R 30000 000.00

R 25000 000.00 -
H Current values

R 20000 000.00 - B Improved values

R 15000 000.00 -

R 10000 000.00 -

R 5000 000.00 -

R 0.00 -
Throughput Inventory Operating Expense

Graph 1: The estimated combined effect on the operational measures

From Graph 1 it can be seen that the throughput would be increased significantly. This
would be caused by the increase in the production rate resulting from the optimization plan.
The inventory would also be increased, as a direct result of the increase in throughput, since
more raw materials would be required by the increase in production rate. The operating
expense would be decreased as the increase in production rate would cause the average

operating cost per hour to decrease.

To determine the profit increase the following graph was created:
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Profit % from sales

Graph 2: The effect of the optimization plan on profit from sales

Graph 2 illustrates the effects these changes in the operational measures would have on the
percentage profit made from sales of product, as illustrated in Table 6. The profit had
increased by 14.67 % even though the inventory had increased, which is undesirable based
on TOC. However, the increase in inventory is not caused by unused stock or finished
product that is accumulating in the stores, it is simply because more raw materials need to
be purchased to create the finished product that will increase due to the increase in

production rate.

The profit increased because of an increase in income from sales of product that was

caused by the increase in throughput.

Together, the increased throughput and inventory would cause the expense of the
organisation to increase. The increased throughput would cause an increase in income from

sales. This would result in the increase in profit, as illustrated in Graph 2.
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7 Future research and continuous improvement

During the investigation, several problems surfaced that could not be investigated accurately
due to a lack of the correct recordkeeping procedures. The following suggestions were made

for future research and continuous improvement.

7.1 Create a schedule for internal audits

In order to identify problems or constraints causing the organisation to function non-
optimally, regular internal audits of all the processes are needed. A schedule for continued
internal audits must be created, as this will ensure that the improvements that were
implemented are still in place and that those solutions implemented, are in fact the solutions
to the wasteful activities identified by the 5-Why analysis in paragraph 4.4. This would allow

for overall continued improvement in the organisation.

7.2 Monitor the production process

Many of the values that were used to determine the effect that the optimization plan will have
on the operational measures were assumed, such as the total amount of out-of-specification
material produced, or the exact amount of time that the production lines are being used. It is
suggested that these variables be monitored and recorded. The actual improvements can
then be monitored using these values and further optimization can be suggested once a

more in-depth study has been conducted.
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8 Conclusion

It was concluded after considering all the information gained throughout this research, that

the implementation of the optimization plan would be a viable solution for the organisation.

The actual percentage changes caused in the profit may vary, but the profit from sales will
increase due to the optimization of the production process. Continued research into
improvement of the process, would ultimately lead to further improved processes and

bottom-line results at the organisation.

It is also the opinion of the financial director, S.C. Greeff, that “this optimization plan looks
very promising. Any increase in profit is always a good thing, and the amount of effort and

change that we have to make to get it, is not that much. | believe that this can work”.
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Appendix E: Prioritisation and buffer levels of the raw materials

Table 13: Prioritisation and buffer levels of raw materials at the organisation
(Pretorius, 2013)

o . Difference Cost of_
Priority Raw material name Grade Units gﬂtlc?t;rl?um masxtlgt]:i ISG’:\?:'I; gf;gfgzd g,%sgfp:];?e??an Isrlg::ia;sc;ng
level level minimum required
buffer minimum
High ALSIL P (PYROPHILITE) As Rec ton 2 5 5.7 R2 252.00 R-
High Alumina Cement CA 50-G7 As Rec ton 3 15 0 3 R5 385.00 R16 155.00
High Alumina Cement Secar 71 As Rec ton 1 5 0 1 R18 230.00 R18 230.00
High Alumina CTC50 As Rec ton 1 5 1.55 R24 650.00 R-
High Alumina Dispersing ADS 3 As Rec ton 0.5 2 0.275 0.225 R62 600.00 R14 085.00
High Alumina Dispersing M-ADS1 As Rec ton 0.5 1 0.125 0.375 R63 650.00 R23 868.75
High Alumina Dispersing M-ADW1 As Rec ton 0.8 15 0.125 0.675 R63 650.00 R42 963.75
High Alumina PMR (CTC30) As Rec ton 1 2 0.15 0.85 R22 650.00 R19 252.50
High Alumina Tab 100# ton 2 5 1 1 R13 150.00 R13 150.00
High Black Silicon carbide 97% pure | 0.0-1.0 ton 5 10 1 4 R20 000.00 R80 000.00
High Boric Acid Granular As Rec ton 1 3 3.525 R13 560.00 R-
High Calcium Carbide 1.0-2.0 | drum 100 500 272 R10 317.00 R-
High Chrome-alumina slag 1.0-3.0 ton 20 50 6 14 R5 750.00 R80 500.00
High Culminal cellulose As Rec ton 0.05 1 0.025 0.025 R143 520.00 R3 588.00
High Eccabond N Bentonite As Rec ton 1 10 5 R3 445.00 R-
High FFB 47 As Rec ton 1 10 0.7 0.3 R45 000.00 R13 500.00
High Magnesite Brown reclaim 1.0-3.0 ton 10 30 2 8 R4 470.00 R35 760.00
High SSW 446 melt extract As Rec ton 0.5 2 0.06 0.44 R26 500.00 R11 660.00
High Sulphur (blomswael) As Rec ton 0.5 2 0.3 0.2 R7 580.00 R1516.00
Total expense for high priority raw materials R1 790 927.70
Medium Alumina 60% grog 0.0-1.0 ton 20 40 13 7 R2 025.00 R14 175.00
Medium Chamco 1.0-3.0 ton 20 40 28 R1 715.00 R-
Medium Soda- Ash Dense Granular As Rec ton 0.2 1 0.15 0.05 R3940.00 R197.00
Medium Sodium BiCarbonate As Rec ton 0 2 1 R4 300.00 R-
Medium Zircon Sand standard 0.0-1.0 ton 1 2 0.075 0.925 R57 670.00 R53 344.75
Total expense for medium priority raw materials R179 991.57
Low Alumina 40% grog 0.0-1.0 ton 15 30 5 10 R1 205.00 R12 050.00
Low B13-04 Boron phosphate As Rec ton 0.5 2 0.9 R34 200.00 R-
Low Barium carbonate As Rec ton 0.1 1 0.3 R10 560.00 R-
Low Barium sulphate BLANC FIXE As Rec ton 0.1 1 0.225 R22 500.00 R-
Low Fused silica 0.0-0.5 ton 0.25 0.5 0.25 0 R9 300.00 R-
Low Fused silica 0.5-1.0 ton 0.25 0.5 0.25 0 R9 300.00 R-
Low Sxum Tipolyphosphate AsRec | ton 05 15 0.125 0.375 R13 600.00 RS 100.00
Low SSW 430 Melt Extract As Rec ton 0.5 2 0.42 0.08 R22 660.00 R1812.80
Total expense for low priority raw materials R223 996.10

Total expense to increase all raw materials to minimum buffer level

R2 194 915.37
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