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Abstract

Polyurethane foam is a material that is used in a significant variety of sectors.
Industries producing PUF are still growing their market share and there is margin for
innovative solutions related to production operations and new findlpts. The

current study aims to map the functions of a specific industry by emaigns
management perspectivehe process of apping the operations tfe industryed

to theinvestigation of problens related to thase of working space, wasbéraw
material,waste of mobn etc.The main scope was to suggesilistic and cost

effective solutions as well @ improsed layoutdesign in order to reduce the

existingbarriers and increasdficiency andeffectiveness
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Chapter 1: Introduction

1.1 Modern definition of Operations Management

Every organizationds object i vcestomes. Theo del

process of transformati on, Aoperationso,

value to the output product for the customer. Materials, information atdroars are
called transformed resources, similddgilities and staff comprising the transforming
resourcegqas it is illustrated in Figure 1)According to Greasley (2009) operations
process is a way of transforming a set of input resources into sutpptoducts and
services. Operations Management is the function used by business aiming for
coordination, planning, and controllirf processes and resources. By using specific
strategy related to OM organizations can take advantageeiofy efficient ad
effective. The mainstrategic drivers are costs, sequence of operations, logistics,
qguality systems, productivity and allocations of resources. Aftersalécting the
appropriate strategy will lead to profit maximisation, omgisations, quality,
flexibility, quick response, creativity and innovatjaaliable delivery and better after
sale service (Ahmed et al., 1996 ciiadru & Ramanathan, 2012)

Direct
Steering operations
and processes

Transformed
resources

= Materials

* Information
» Customers Design Devalop
Shaping processes, Operations Imprc:-\nng the
products and LR operation’s
sanvices Capa.bllltlES
Input

resources

Qutput
products and
sarvices

Value-added
for customers

Delwer
Planning and
controlling ongoing
Transforming operations
resources —
» Facilities
* Staff

Figurel: Graphicr e pr esent ati on of OM&é transfor mat

(Source: NigeBSlack et al2013)

1.2 History of Operations Management
According to Skinner (1985)for the first time the functions of Operations
Management introduced the period of 18320 with the contribution of Frederick

W. Taylor, Frank and Lillian Gilbreth antlenry L. Gantt. Later this era was



established a$ sci ent i fic managementl . |t is ba
analyzing and improvement of work methods and economic motivation. The main
scope was to fid the best way to accomplish each job. In cattta the great
economic crisis of 1929 the period between 1920 and 1960 is described as the golden
age for the development of industry in the USA (Hopp and Spearman, 2001).
Specifically, they were focused on labor productivity improvements (time and
sequace of tasks), layout, produmh control and queuing theoryhe contribution of

Taiichi Ohno were significant for Toyota Motor company as a new manufacturing
system was devel oped f oc usAftargNorldjwarslit i n
algorithms and mthodologies were developed to solve problems related to
optimization (Chopra et al., 2004). Although studies have been done on aggregate
capacity planning, inventory planning and quality control still were not used widely.

In 1960s, Orlicky and O. Wrighstarted using computers to give solutions in
production control issues. In the following decade MRP systems were developed
followed by information systems and databases as there was necessity for handling of
data. During 1980s, operations management hars decepted globally as a functional
discipline of organization®ue to the evolution of computers and the need for better
planning and control MRP Il was developed by Gene Thomas at IBM. Finally, as
internet was widely established Enterprise Resouramitig software becomes a key

tool in order to coordinate plan and controlall the functions of the
companies(distribution, allocation of resources, accounting, manufacturing process,
procurement, inventory handling, human resourdesligure 2 the mosimportant

innovations of operations management dustitated.
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1.3 The necessity for manufacturing companies to adapt Operations

Management tools.

The globalization obligates not only multinational companies but also the small and
medium enterprises to improve both the inner and outer environment so that they will
be competitive and sustainab®VEs are businesses that employs a smatfibas of
employees maintaining revenues and assets. As long as the role of SMEs in each
country is important for their economy, the government supports them to help keep
them viable and competitivdVlanaging internal processes for SMEs is often based on
learning by doing. By solving practical issues in order to adapt to the market they
develop skills that transform to internal knowledge. It is a significant fact that in SMEs
there are developed strong relationships between members of the companies and
supplers or other personnel of professional organizations. By knowing it they can
benefit from this knowledge and start using new analytical and business tools for better
planning of production and improve the manufacturing processes in order to optimize
and ntegrate the supply chain.

Operations management tools are necessary for SMEs as they are vital for control and
improve quality of products. Another reason to adapt OM practices is to improve the
overall efficiency. By knowing production cycles and tinnesipanies can be reliable

to their customers concerning delivery times, an indicator for quality of service.
Moreover, improvement of production processes creates benefits as waste reduction
of raw materials and intermediate product. It is significantatodie stock and reduce

it to a safety level as space for inventory creates in SMEs is limited. The volume of
work in progress needs to be controlled for the same reason.

In conclusion, it is a matter of survival for SMEs to have a clear view of the duncti

of their business so that they can be innovative and keep their market share and grow.
By adopting new technology tools they can deplete production processes and human
resources used. All of the above have an impa¢h@aconomicenvironmentof the
company More significantly, reducing ordering cost of raw materials, cost of delivery,
cost related to defective products, cost of inventory, cost of wastage in production and
energy cost conserves economic resources. It is important to menti@@Mhatae
struggling to findcash flow and they are often not get paid in tie.investing in

innovation is a difficult process and saving cost from each process is crucial.



1.4 Motivation

After 10 years of financial crisis in Greece the number of compamdisappeared

Is 244,712 A great number of them closed because of bankruptcy, other closed due to
competitiveness and not being viable. High taxation of Greece combined with lower
salaries in Balkan lead domestic companies as well as multinational ciesga
depart from Greece and establish their headquarters and operations in the neighboring
countries where financial and political conditions were more stable. In the region of
Thracespecifically in Xanthi more than 30 industries closed for the reasensioned

above. As a result unemployment increased and overall productivity is decreased.
There some big business that closed such as the Cooperative Meat Production and
Trading Companyi A Y 4, The Paper Manufacturir@ompanyof Thrace(DIANA) ,
Pyramis, Ceoperative Company of Industrial Development of ThrageX()),U
Aluminum Industry of North Greece and Greek sugar industry.

It is a fact that bankruptcy of industries and enterprisesit the suppliers and other
stakeholders of the supply chain pushing them to the same direction. Cooperating
companies left without being paid for the products sold to the bankrupted companies.
This situation increased their debteated cash flow pradains and lost the ability to

get loan from banks. The industries that survived fired employees as a consequence of
decrease in demand and a way to reduce costs. Furthermore, financial liquidity
prevents companies from investing in new machinery, expandisindss and
adopting new technology. These are tools of great importance for companies to
compete in the global market.

It is a challenge for small and medium enterprises to find ways to improve their overall
performance taking into consideration thatcuomstances are not conducive.
Furthermore, overcome internal constraints, increase market share and focus on
customers are important key drivers connected with Operations Management
techniques.

Understanding the Lean Manufacturing philosoplyuld offer geat advantage®

Greek companies. It is interesting to mention that 39% of respondents in Greece
associate lean manufacturing with workforce reduction (Konstantinos Salonitis and
Christos Tsinopoulos). Also, the level of understanding lean manufacturing
implementation affiliates more with the durations implemented and not with the size

of the company. Finally, it isrucial to investigate if it possible to overcome key



barriers of investment costs, management barriers related to poor knowledge or poor
belef on the approach. Also, workforce related barriers such as fear of change,
employeesd fear of job cutting and | ack

1.5Objectives of Dissertation

The objectives of this study are to make the profile of the specifistindproducing
flexible polyurethane foam and understand the way that most SMEs operate in Greece.
It is important to analyze the current situation and compare it with management
techniques used by other compani@$eir operation activities are focusing i
producing PU foam blocks and layeénsa variety of more than 15 different qualities
The companyds products are applied in th
sector, packaging services, hotels and other indudtrisexpected to note dowand
answer the following questions.

1.lIs it possible to manage a better way raw materials?

2. Do an improved layout design of the industry can give benefits?

3. How to reduce wasted materials and defective products?

4. Is it possible to reduce stoakthout affectingcustomer leadime?

5. Doesdemandorecasting assist in betterganizing of production?

6. Corsidering the current conditions after collecting and analyzing dadatkind of

applicable recommendationsuld be made?

Chapter 2: Literature Review

2.1 The main reasons for redesigning

In the Greek manufacturing sector the industries that started operating after the decade
of 1980 had lack of knowledge about management and optimization. Due to this fact
they developed structural businessdels based on experience. Furthermore, the new
trends in did not transferred and applied in business because of the absence of
managers in small busineds order to be competitive, companies must achieve
excellence in managing their

Manufacturing opera&ns. The redesigningeengineering process focuses on the

operations performed and how they should be designed to be functional, ergonomic



and qualified. It embodies mapping and analyzing processes so that performance being
improved and implement new sa@ns.

It is important for business to be subhat all operations are oriented towards the goals
and they function withouncidents.By redesigning processes superfluous processes
that slowed down the overall productions are removed. Employees wiit #adier

to follow a shorter path and be satisfied. Also there is more time for employees to
perform meaningful work. So overall efficiency and satisfaction is increased. The
reengineering process aims to improve tkerall business functions, focus dret
firmds goal and create an energetic and
the enterprise will have lower operation costs, better organizational structure, clear
objecives, moretime for new product development and increased profit. Lastdiut

least, satisfaction afmployeess a possible outconthat leads to creativity.

2.2Layout and flow

Product and service choices, capacity planning, process selection, and layout of
facilities are among the most basic decisions managers make bdeaubkave long

term consequences for business organizations, and they impact a wide range of
activities and capabilities (Stevenson William A% it was mentioned above, small
business tend to be managed by the owner. The involvement of the owner mignage

a basic factor that distinguishes small from big companiesdagy the way they

are managedSmall businesses are more personalised and rely on the skills and
experience of the owner. Furthermore, there is less time and skills for improvements

onthe design of business and operations.
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In figure 3it is illustrated the dependency of capacity planning and tleetsed
process. It is obvious that when it is planned to manufacture a new product, make
technological changes to adopt to the competitiveness of the market and forecasting
influencing capacity planning and process selection. Furthermore, capacity glannin
and pocess selection are correlated. Both of them significantly affect facilities
equipment, the layout of the industry and the designing of venially, adapting an
efficient layout design and flow which leads to optimization of space, facilitating
moving in the industry,eliminate unnecessary movements of workers or materials
extension in the layout, the increase capacity production and provide safety for

workers and production plant.

2.2.1Production processes

Concerningproduct variety and prodtion volumeproduction processes ad#vided

in five categories Figure 4 presents the correlation between facility layout and
production processes. Definitions of categories are summarizéedlows

A project is a unique noimepetitive set of activitieslirected toward a unique goal
within a limited timeframe (Stevenson William J, 2013) is a complex process of
high customizationvith high variable costs and cost per umihe scheduling and the

control of a project is crucial.



Job shopis a low scée manufacturingprocessof high varietyof products.Each job
requires highly skilled workers and unique operatidins. flexible and products are
made to order.

Batch process implies for mediuguantities of products that are variable. It is not a
repditive process. Furthermore, it is flexible for new products as machines are not
connected with conveyor. Workforce does not need to be highly skilled. Products of
this process are made to staoid are oriented toward mass market.

Mass productionis a reptitive automated process (production line, assembly line)
for producing standardised products in high volumes. The variety of products per line
is low as the adjustment of equipment is specific. There is no need for special skilled
workforce except from ronitoring the equipment. As it the most efficient process,
changing the sequence of the production line is a difficult task.

Flow or continuous production is appropriate for very low varieties even only one
kind of product. Products are highly standardizethuge volumes and the he cycle
time is very low. Similarly to the mass production changes cost in time and money.
Finally, machine defects affect the whole process.

In the specific PU foam industry batch processes are imgui¢ioe ordersf customes

are medium in quantity and they ar&riablefor each customer

4. Mass
Lay()ut Production Process|

1. Project
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>, Position [Production Process
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Figure4: Types of production processes and facility layout relationship
Source (Gy°rgy Kov8§cs and Sebastian



2.2.2Main types of facility layout

Fixed Position Layout is appropriate for products that are large and bulky and its
movement is impossibl&orkers, raw material and machine equipment are moved to
the production statiorDelivery of raw materials and completion time are the most
important factorsThere are disadvantages related to space such as crowded work areas
and little lack of storage space. Problems related to space may affect material handling.
Process or functional layoutis based on the nature of process through wheh t
product moves to be manufactured. Processes are grouped in departments in which
similar kind of activities take place (milling, grinding, drilling, painting, assembling,
packaging). Items that moved through departments in lots and battie$ayout &

easier to supervised and more flexible. The success of one operation does not affect
directly another operation as items moved in batches. Also maintenance cost is lower
and the disconnection of one machine does not interrupt the whole manufacturing
proeess. Financially, investments for spare parts, extension machines or software
updates are lower than in product layotrisontrast to the benefits there are important
drawbacks to mentionDue to the discontinuous nature of layout work in progress is
increased. Intermediate products increaspratess and reduce tlailability of
working floor areaAlso, through put time is longAccounting, inventory control,
scheduling of efficient batch production become complex activities and need special
attenton. The lack ofwvell-organizedproduction control creates delays or inefficient

use of manufacturing time.

Cellular layout contains machines which ageouped according to the similar process
needed for the manufacturing of a family of products that ldee. 8efore grouping

the essential machines it is necessary to identify families of products and train the
employees. There are many advantages in this layout like reduction in set up time, in
work in progress inventory, in material handlengd transpodtion time. Also they are
flexible, less floor space required as there is not work in progress inventory and
efficient use of machines and equipment. Additionally, as workers participate in a
series of sequencing tasks and observing the manufacturingsprboeedom is
reduced and job becomes more interestiwythe other side, sometimes work in cells
may not be balanced due to decrease in demandpéafic familyof products. In
Contrast to this when there is increased demand in another cell workfaralel be

adjusted and move. The mobility of operatisrgossible only if they aneulti-skilled



and trained in each cell. Investment for cells is higher because similar machines are
duplicated inorder to be used idifferent cells.

Product or line layout is used for manufacturingtandardized products of high
volumes. Machines are grouped sequentially in a conveyor line and the product flows
on the conveyor. In this layout there is less need for scheduling as there is mechanical
pace and automation. K a beneficial way of production as delay is eliminated. Due

to the continuous flow of products work in progress is not accumulated. Also there is
less need for control and production control is more effec@anversely, a huge
capital investment is nesgary as the same machine is needed to be bought for more
than one product lines. The rearrangement of a production line is not an easy process
and consumes time as it has been designed for a sequence of specific operations. Also,
if a machine stops workinit affects the whole product line. Maintaining and fixing

the equipment results in higher costs. Finally from the employees perspective working
in linear production causes monotony due to the repetitive tasks.

The current layout of the PU foam industsyoriented around processes deploying the
advantages mentioned above. Implying characteristics of cellular layout combining
them with process layout could result in more efficiency as it will be proposed in
Chapter 4.

2.3Inventory management

Keeping inveitory of raw materials, partially completed goods or final products is
crucial for the efficient functioning of busineds.is important for business to keep
stock in order to meet the needs of customers and respond to demand. Ordering of raw
materials catains ordering cost, cost of handling and space for storage. The right
amount ¢ stock keeps production smooth and protects the busirmeasunning out

of materials. It is important for enterprises to keep safety stock of raw materials to
reduce risk. 8 pp | steck sup weat her conditions, wor |
control, delivery of wrong material and long distanaesfactors that increase the risk

of delayed deliveriesFor small business purchasing cost of raw materials from
multinational suppérs is not negotiablas prices are defined by the®rdering cost

is depended on the type of cooperation between the supplier and the buyer. In the
chemical supplies it is often included in the price of product and there is a minimum

order quantity. Fuhermore, holding cost of chemical supplies in the polyurethane



foam industry contains cost of electricity consumption as a specific temperature is
required before production. There are different ordering policies based on how much
to order and when to ordelnventory that is intended to meet expected demand is
known as cycle stock, while inventory that is held to reduce the probability of
experiencing a stock out (i.e., running out of stock) due to demand and/or lead time

variability is known as safety stk (Stevenson William J., 2012).

2.4 Enterprise resource planning

Regardless of a companyds size todayds bt
the need for efficient interaction between departments of a company arises and
becomes vitalEnterprise rsource planning is a strategic tool and business process
management software which synchronizes, integrates, and streamlines data and
processes of the organization into one single system to gain a competitive advantage

in the global market (Antoniadis It al, 2010).The right implementation of an ERP

system improves functions of financial control, human resources, customer service,
supply chain, operations management. Specificalty,ERP software incorporates
modules of ERP production planning, ERP pasihg, ERP inventory control, ERP

sales, ERP marketing, ERP financial and ERP human resources to an integrated entity
(Ignatio Madanhire, Charles Mbohwab, 2006). According to Antoniadis |. et al
investigation in 2014 about ERP system adaption of SMEs eéec@rit is measured

that in a sample of 37 companies there was an average of 6 year experience in ERP
implementation. Decision making process becosmepler and it is crucial for small

business to understand this and adapt effective tools as well astithetruggle to

achieve this goalAdditionally, it is important to mention that the traditional manual
recording and processing of data is time consuming and complex.

Finally, it is beneficial for SMEs to adopt a customized ERP software and integrate

the flow of information, improve productivity, maintaansmooth controlling process,

reduce operating costs, be more flexible, locating deviations immediately, increase
sales and facilitating desion making process. Based in the above long term planning
becomes feasible and can dmoniadis b et@afouado mpany
that the advantage SMEs is saving time but not operational resources and cost.
Optimization of function and cost reduction are procedspgnding on other factors
suchaspesonnel 6s |l eadership skills, culture

recordsand reporting extracted from ERP software relatascbtomesalesuse of raw



material and volume of produced products give important thattacan be used for
forecasting.

In the company an ERP system is used for counting and organizing raw material use
and reordering, records of PU foam production and stock, processing of orders and

employeesd payroll

2.5Forecasting

Forecasting is an important process that providesnmition about future conditions
related to demand. Inventory management contains forecasting of supplies for the
expected production of a period. Forecasts also affect capacity planning, budgeting
and sales.

They cannot be accurate 100% but it is an ingrdrtool for decision making. For
longer periods forecasts tend to deviate from real demand. Forecasts should be timely,
accurate, reliable, expressed in meaningful units and cost effective. In order to choose
an appropriate techniqube first step is daing the objective of the forecast. Then

the time period of forecasting is chosen considering that accuracy is inversely
proportional to time. In the next step appropriate data that affect operations are
analyzed. Based on the above a specific techriigaidits the requirementssglected.

After making aforecastmonitoring is necessary to calculate its performance. The
accuracy of forecast is measured using forecast error which is the difference between
the value that occurs and the value that waslipied for a given time period
(Stevenson William J., 2012). There are three alternatives to calculate forecast error,
the mean absolute deviation (MAD), the mean squared error (MSE) and the mean
absolute percent error (MAPE).

By interviewing with the deector it was found that the forecasting method that is

applied is based on the Mean Absolute Deviation forecasting method.

2.6 Quality Management

Quality is a performance criterion that concerns almost all organizations. Good quality
reduces cost of refitation, waste, complaints and returns and increases customer
satisfaction. Quality improvement are applied to the each operations of an enterprise.
Customerds view of guality i1s mapped by

expectations of the prodtior service receives to the perceptions of the product/service



receiveslIn order to have a clear view of quality first it is necessitated to define the
quality characteristics and decide how to measure each characteristic. Setting quality
standards ishie step that follows and gives the possibility to control quality to those
standards.

Total Quality Management is an effective system for integrating the quality
development, quality maintenance and quality improvement efforts of the various
groups in anorganization so as to enable production and service at the most
economical levels which allow for full customer satisfaction. (Nigel Slack et al, 2013).
TQM aims to meet expectations of customers, to cover each part of the organization,
include every perso of the company and develop ways to support quality and
improvementsPrevention of defects and errors is the main principle of managing
quality. Identifying problems and adjust processes to the right way, redesign and
improvement of processes, trainingdaretrain employees are related to prevention

costs for retain and improve quality.

2.7 A Lean perspective for SMEs

Lean manufacturing or just in time production was created by Sakichi Toyoda,
Kiichiro Toyoda and Taiichi Ohno. It evolved from the preour§oyota Production
System created by Taiichi Ohno and Eiji Toyoll@reat number of authors highlight

Al ean ma n mdstly asawnyohwgasie reduction. The term lean refers to the
whole philosophy of how to run operations, as a method of hovatogmnd control
operations and a set of tools that improve performanceeBycing each kind of
waste, lean principle aims to maximize the value of product. The production is based
on a pull system related to customer demaihere have been developedgiiges and

tools in order to apply the lean philosophy to customer relationship, supplier
relationship, human resources, manufacturing planning and control, process and

equipment. Related to each business area practices and tools are presentedbin figure
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Figure5: Lean tools and practises

Source (Konstantinos SalonitiShristosTsinopoulos, 2016)

Due to the fact that in lean philosoptgductionor elimination of waste constitute a

core ideat is important to mention thé differenttypes of waste.

1. Over-production waste

Ohno believed that producing more than you need in the near future is the most
important kind of waste. Consider that manufacturing is the closest spot to the source
that affe¢s the creation of waste in the following processes. With over producing
inventory space is eered and floor space is reducédiditionally it affects cost of
storage.

2. Waiting time waste

Equipment efficiency and labour efficiency are two popular measwhich are
widely used to measure equipment and labour waiting time, respectively. (Nigel Slack
et al 2013). According to Bicheno and Holwegiting isrelated to lead time.

3. Transportation waste

Products that flow to the following processes in afffitient way affect quality and
productivity. It happens when the products are handled in the same machine after
another. Furthermore, a way to reduce this time layout should change, reduce the
distance of machines and the distance of the whole pathhthataduct follows and

group machines.

4. Processing waste.



Due tothe lack of functional design, lack oknowledge of machine handlingr
efficient processing some steps may be unnecessary. Training employees to lean
thinking can be beneficialFurthermore, some processes are overloaded with more
operators than needed resulting in waste of human resources.

5. Inventory waste

In order to eliminate waste it is needed to find the cause of it (a main cause is
overproduction). Inventory is connected witlw material work in progress and final
items. Increased inventory captures space and affects moving flexibility as well as lead
time.

6. Motion waste

Waste of motion occurs both by human and laycMt. operator may makes
unnecessary moves that do not &dtlie to the process. Simplifying of work via job
redesigning process results in decreasing production time. A poor layout design may
involves waste of motion. Unnecessary movement in an industry increases the risk
related to both safety issues and daeagrguality issues.

7. Waste of defects

Defectives may be products that do not approach quality specifications. Errors occur
due to wrong processing or due to accidents in transformation when floor space is
covered. Furthermore, other quality problems oahring the production phase.

To concludejt should be mentioned thatdre is not a specific recipe for success in
implementing lean principles. It depends ontheanager 6 s perspect.
techniques that benefit each situation. To conclude, teramportant drivers for
implementing such as the increase market share, increase of flexibility, the need for
survival from internal constraints, focusing on customers, increase the way of working
to the best and develop key performance indicafgimnstantinos Salonitis and
Christos Tsinopoulos, 2016)

Chapter 3: Case study of specific PUF industry

3.1 Introduction to the company

The companys oneof themainmanufacturers producingekible polyurethane foam.

Their operation activities are focusimgproducingPU foam blocks and layers. The
manufacturedelivers intermediate and final products neadf polyurethane foam. A

big variety of more thanl5 different qualities of foam are offered and products



deliveredas required and specifidny the custome The companies object is to bring
customized and qualified and innovative solutions to its custormBescompany s
products are applied ie sector ofurniture construction, hospitakctor packaging
services, hotels and other industri€be industy was established in 1973 in Xanthi
wherethereis located the production plant$he industry covers 4700 2t the
industrial region othe city In 1991 a new store department opened in Thessaloniki
and in 1995 another one in Athens. The industry oeves horizontal polyurethane
foam machine and a series of cutting machines that will be preséotedghly In

the storeof Thessaloniki and Atheri8U foam blocks are transferred to kestock,
processethereand delivered as ordered by customers. Tmepany owes two trucks

for delivering products to customerfhe company faced some unexpected social
related difficulties combined with the socioeconomic issues that aroused due to Greek

crisis. After all it survived and start gaining its lost marketelaud being competitive.

3.2 The methodology

Redesigningrocessegperations and layout arrangement of an industrial facility is a
complex process that is depended on various factors in order to propose a combined
solution that has to be feasible, gieable, flexible and cost effective. The
researcherés first move is to have a goo
produces. By knowing how it is manufactured, understanding the material properties

of polyurethane foam it will be possible tos@stigate the overall process from base to

top in a more integrated perspective and find effective solutions. Notwithstanding that

in the beginning there was uncertainty about precise selection of performance
indicators eventually it is proved that thesfitheoretical assumption was within the

subject.

In the first period of visiting the industry the main objectives were to observe the way

both the employees move in production and office departments as well as the
production of polyurethane foam blockegarious of cutting processes and other
processes in order to understand the nature of job design and materi&lifithese
information were written in order to ou
functions and strategies.

By organizing theeinformation it was possible to decode and extracttlemp a ny 6 s
philosophy about managingventory, understand the production strateggles

strategy, operations management, quality management, forecastiBgP



implementatiorand the layout of equipmeand processest is important to mention

that due to the lack of professional management personnel all these strategies are not
specified by the company as they have established academiicdHygt, it would be
beneficial for personnel to know the advaeges and disadvantages of the strategies
using and not just rely on they excluding all this informatioran enterprisevill
struggleto have a positive environmefar makingchanges.

In the second period of visiting the industhe aimwas to repeat laservation of
employees for evaluating information of the first visiting and increase accUiaey.

a series of unstructured interviews occurred with the operators, the chemical employee,
office employees and the chief executomner. The interviews aindeat extracting
answers about management and organizing issues. The last purpose contained the
collection of ERP data about history of sales, annually and monthly production history
(total production volume of foam and analytical report of produced fo&tedeto
different types of foam)raw material consumption histo(fpcusing on the major )

and technical documents abaatv material storage capacity amg:chanical sketch

of the industry.

3.3 Current situation

In order to find the causes that affgciality and overcome obstacles there was a need
for categorizing the causes and analyze the roots of the problem. For this reason it was
created the fishbone diagraas it is presented iiigure 6to facilitate the detection of

factors that influence theverall effectiveness and efficiency of the industry.

Machine Method

Monitoring of
throughput time

Lack of controlin
efficient cutting

Low
Effecti and
Efficiency

hysical fatigue of employees
during block transportattion

Strong bargaining
igh level uncertainty power of suppliers

of customer payment. | Lack of specialized

X knowledge Control and monitor
Fluctuation of of wasted material

raw material prices

nsufficient communication between
office and production department

Materials

Money T

Figure6: Cause effecfishbonediagram of 5\

Source(own)



Based on the most salient factors that were observed in the industry it was made an
effort to discover latent caustsat affect thedtal quality, effectiveness and

efficiency.

3.3.1 Production Processes

This chaptempresents the production processes that occur in order to manufacture
flexible polyurethane foam block®2U foam Blocks are transformed to delivery
produwcts for customers made to order. The sequence of procegsesdasted as it is

indicated in the flowchart of figure 7.

Figurer: Flowchart of processes from start to end

Source (own)

Preparation of production machine

It is thefirst step before production where the chemical operator checks the machine
and adjusts the parameters related to the specific quality of foam that will be produced.
Somebasiccharacteristics are thatio of TDI, selection of polyol for soft or hard
foam as well as the ratio of poly®lkhe pressure of mixing and the velocity of material
flow.

Preparation of curing space

Curing time is the amount of timeahis necessary for flexible polyurethane fotmm

acquire its final properties. Curing for polytliane foam takes from 248 hours.



Before this period any sharp pressure on the manufactured block causes irreversible
deformation to the block.

Removing equipment or other parts to release space &mew production is
necessary.

Beginning of production

The raw material start flow on the line and after a few second the foam starts inflating.
At the end of the line there is a vertical knife cutting the outgoing mass in blocks. It is
important to notice that due to the release eptyduct gases emploge have to wear
filtered masks. The machine operator controls the process on the machine interface or
adjusts different ratios for the manufacturing products.

Vertical Cutting

The continuous produced foam flows on the conveyor. Before reachidgdbenahg
conveyor the block isut in the same length ranging from 20B0Ocm andhen moves
forward to be loaded by employees.

Block loading and transferring

At the end of the line workers are waiting to load the block on a trolley. The trolley
consists ofa gjuared surface with &orizontal wheeled axis and a leverage for
handling.The block is stamped for stock control, theis ipaded on the trollelyy the

worker and transferred at the curing area. After discharging it, the worker returns to
take the nextAs the production is continuous workers need to go directly back to the
end of the line to load the next part.

End of production

By the end of the production the machine needs to be cleaned. Raw material that are
containedn the trial container and pump$the production machirereremoved and
collected It is an essential maintaining process that extends the life cycle of machinery
parts.Also the paper that is used to preventfti@em from sticking to the walls of the
flowing tunnelis collected and ets discarded.

Inventory

After curing period where the PU foam has been stabilized4@4hours)the
manufactured blocks are moved for storage witHfoklift truck. Blocks are

categorized based on their density and quality of fanthbanked up



3.3.2 Cutting Processes

The sequence of operations that are followed after an order has been received depends
on the customers specifications about the desired part. Most of the customers ordering
semi products.Based onthe requiredpar t 0 s di me nsequertes of t h e
operations is decided to cut the block. The first cutting operation aims to remove the
external layer of the block and results in better quality and ungdparts.On average

t he Dbl ock Ge 20Mmroe212@m i langth, 2,00m to 2,0énwidth and

0,92m to 0,94m in heightThe bulky blocks are cut in smaller parts to facilitate
handling.For manufacturing layers and mattresses the cleaned block is introduced in
the round circular cutting machinBepending on the width of layers the ¢tomay

needs a vertical cut before added in the circular cutting macghinember of blocks

is loaded on the worktable depending on the surface area of it. Blocks are sliced in the
desired thickness. This particular process is characterizetdayacy, atomation,

high production efficiency, loamountof defectiveproductsand low amount of waste

foam. It is important to notice thatlue to the free expansion of foam during the
manufacturing process the top of the block has a curve. This curved pasasexre
waste as it cannot be used in any part and is removed.

In order to form smaller rectangular parts operators make use of vertical and horizontal
cutting machines to reach the ordered part. These types of machines are less
automated. The cutting tods ifixed and the worktable is moved manually the
operator. Furthermore, the processed part is placed and repositioned by the employee.
Other more complex objects that have gradient lines on their body are procesmsed in
angular cutting machine. This nfaces gives the ability for adjusting the tool in
specific angle Additionally, for complex parts that employees are unableandle

and standardize the use of CAM pantograph cutting machine is the most reliable.
Thoroughly, theuse ofpantayraph cuttingmachine gives a series of significant
benefits related to efficiency and effectiveness. Specifically, by organizing cutting
from a lean perspective waste material that arises is minimized. Furthermore the time
of processing is reduced appreciably. Cuttjoglity, standardization and accuracy are
increasd. In order to uséhe CAM machine specialized training is necessaoy.the
production okleepmattresses, inner layers are cut in another cutting machine to shape

continuous curved patterns.



3.3.3Padaging

There are two packaging tables close to the cutting machines. The one is next to the
circular cutting machine which serves the packaging of mattresses and the other is next
to the other cutting machines. A layer of nylon is laid on the packagitegydat the
produced parts are located thenanually in lots by an operatofhe packages are
sealed then loaded on a forklift truck and they are transferred towards the exit. They
stored next to the door where trucks park in order to deliver to custdPeeisaging

of mattresses is standardized. Packaging of Customized orders depends on the

di mensions of the parts. The way they peé
avail able space and forklift truckoés tral
3.3.4 Delivery

Managng, planning and controlling of storage space of trucks should be clear in order

to optimize the use of space. Consequently, an optimized control system would reduce
deliverycost. A big transporter serves the orders for the departments of Thessaloniki
andAthens. There are also two smaller trucks that deliver orders in Eastern Macedonia

and Thrace. A key performance indicator for efficiency could berdheneof space

used per delivery route compareéa the totalv ol ume of truckos si

Commonlythe customer lead time is three days.

3.3.5Waste material

Production and over production

As the production machine requires 1 hour for preparation and other processes to stop
it is not effective to start production of blocks for a low amount. Some differ
gualities can produced in a sequence without stop the process. The chemical just
adjusts a different recipe of polyurethane foam. Even though when some qualities of
low demand are manufactured they remain as stock for a long time and cover floor
space.

Waiting waste

Due to the lack of knowledge to operate the CAM machine as most of the operators
except from one do not know how to use it there is high probability of queuing effect

on the other cutting machines. At the same time the CAM machine opération



capacity is notleployed at an optimum level. Additionally, high workloads is possible

to affect delivery customer for some orders.

Transportation waste

By observing the path that the-pmocessed products follow in the production area it

IS ascertaing that transportation distance is elongated complexAn improved path
certainly reduces the risk of transportation accidents inside the industry as forklift
trucks and trolleys manually handled by employees could cofideccident affects

both safey of employees and quality of products as an employee may be injured and
products have defects from collapsing respectively. Particularly the longest path that
needs to be redefined is the point of packaging tarpaint of the storage area next to

the ext where trucks are loadett is certain that peripheral route approaches closer

to an optimized solution.

Processing waste

The manufactured blocks that have been stored for inventory need a primary cut
processing to improve their quality before stae i ng c ut i n the cus:i
dimensions. The outer layer of each face, approximately 1cm in thickness, is removed
as it differs in quality. Additionally, the top face of the block makes a curve that needs
cutting a layer that counts on average 4 &fter this process the cubic block develops

the desired quality.

Due to the fact that the manufactutddcks have specific dimensions it is a common
situation for operators to deal witlustomized orders made by customers which do
not fit to the exterio dimensions of the block and create a significant amount of
polyurethane foam waste parts that cannot be used. The way that an operator decides
to handlethe cutting processes ah order is based on experieniteseems that there

is room for improvementoncerning the organizing of the sequence of processes and

give priority to the waste created aiming to the reduction of it.

Inventory waste

Above it was mentioned that the curved top of the block cannot be used for any
product. The specific waste difd top is related to waste of raw material usec part

that does not add value. Based on the volume of blocks it was measured that waste of
curved top reaches 4% of the whole volume. By knowing the quantity of raw materials

for producing one block it as found the proportion of TDI and polyol waste of this



part. To support the importance of this amount of raw material wasted it was counted
the precise amount of euros were lost based on the European pricesaofiTilyols

as presented idata analysis

Motion waste

Due to the fact that the i ndu?sunnecgséasy sur f
movement possibly causes inefficient use of tififee order that is received over the
phone by office worker is passed to the operators. In some casesttreerumodifies

the specifications or the quantity of the ordered parts. Somebody has to transfer the
information manually indicating that there is a need for direct communication between
the office department and the production department that shouldfibed. The time
needed to inform about order changes is crucial and increases tigke goes by the
processing may have started and create barriers.

Furthermore, due to the lack of direct communication between operators some routes
may be repeateditout meaningful purpose. As an example an operator that brings
to the cutting machine area a specific part from the inventory to be processed cannot
be informed to load another part that is needed or make any type of change. Also, it
could be a tool thats forgotten. Additionally, an employe@ho is available or
physicallycloser to the desired task could handle the condition witinéerrupting a

busy operator.

Waste of defects

It is detected that waste of defects occurs at the beginning phasepobthetion.
Specifically, the employees load the outgoing blocks from the productioniniee

single axis trolley to place them at the curing area. Taking into consideration that
bl oc 6 3$reashedngpberagd00kg and its mass is approximately #as well as

there isthe pressure of time due to the continuous flow of blocks it is a physical
consequence for employees to get tired. Unconsciously, in order to make the
transportation easier the employees try to placéliek as close as possible teeth
bodywhen they load on the trolleyin order to decrease the torque that is created due
to the technical characteristics of the single axis trolley. When the block is dropped on
thet rol |l eybs surface it may be .Pueeacstseed by
fact that the foam has not yet acquired its final flexible characteristics the detarmati

Is permanent. As a consequerealeformed part needsrther cut processing to

remove the defective part which increadesamount oWaste.



By obsering the production process it was found out another typpeafianent
deformation but this time at the bottom surface of the block. In order to give a more
visual view it is certain to indicate that there are three cylindrical components with
rolling paperfor maintaining the external quality of blockBaper prevents the
detachment of foam on the walls of the extrusion part of the mactihen the
outgoing block descends the conveyor to be lodnetthe employe¢he paper at the
bottomis crumpled. An empyee pulls the paper to prevent the deformation of the
block. It seems that the crumple of paper is caused due to the long distance between
the conveyor rollers.

Additionally, there is another form of waste at the production process. When the recipe
is changed during the production to manufacture a different density foam an amount
of the outgoing mass has an intermediate structure which occurs due to the alteration

of both chemical flow and proportion of chemicadsichare includedn the following

quality.

3.3.6 Current layout and flow

Al the processes that mentioned above
there is a caption to facilitate understanding of the layout and flow of material in the
industry. Raw material are transfer through pipeto the PUF machine. The red
arrows showthe path that the produced blocks follow for curing (rhomb). Yellow
arrows indicate completion of curing process and directed transfer for storage. Blue
arrows mark the provision of blocks ready for processsgequired by customers.
Finally, black arrows present the move of packaged final products collected and

prepared for delivery to customers.

O i . . Sewing . PUF Production machine
w—- = G ’ processes == ‘
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Figure8: Current layout and flow of material.

Source (own)

Chapter 4 Redesigninglmprov ements

After the identificat i andbasetn thelawilaldeaatgp any 0
that was possible textractan attempt was made to measure failures, find causes of

them and supporesultswith economic evidence.

4.1 Data presentationranalyss

4.1.1Curved top of block failure

In figure 9it is illustrated the shape of the produced blbefore and after the removal

of outer layer and curved tofh was found that due to the curve that is created because
of the expansion of polyurethane foauring the formation of the compound, 4% of
each block is wasted without counting the outer layer that is removed in order to have
a homogenous qualified block for further procesdingas necessary to leattme ratio

of raw materials used perdak (TDI, polyols) and measutbe dimensiosof wasted

foam to find this proportion and calculate the amount of raw material wasted for this
part. The dimensions of different quality blocks differ so a mean average for
dimensions was calculated after measurimgdimensions of stocked blocks for each
guality. The dimensions introduced in Solidworks software to measure the mass of the

whole block as long as the mass of the waste curved part.
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Source (own)

In table 1the dimensions of blockare presented categorized per type as measured in
the storage space. It was also measured the distance of horizontal cutting to remove
the top curve. By knowingll the dimension the blocks mass was calculated. Ina
parallel using these information blocks were modeled in Solidworks in order to extract
volume values of the curved part removed. For the purpose of determining and
transforming waste in raw materialean values were calculated to use them to find

cost of TDI and polyols.

Kfig:n(q)f Length(cm) Width (cm) Height (cm) hIZingar:t t\)llglcuknzzgg regjiigrz(t:m) X,:ggqucg) Nci‘tcvt?rl\lljerrclie Pr?,\[,;osrgaon
(cm) waste (m3)

7252 202 204 92 88 3,79 4 0,16 0,12 3,17%
? 25 202 204 90 85 3,71 5 0,2 0,16 4,31%
? 250 220 204 93 87 4,17 6 0,26 0,22 5,27%
? 30 200 204 94 88 3,84 6 0,23 0,19 4,95%
27302 220 204 95 89 4,26 6 0,23 0,19 4,46%
?35 200 204 99 94 4,04 5 0,2 0,16 3,96%
? 40 200 207 95 90 3,93 5 0,2 0,16 4,07%
2402 200 207 97 92 4,02 5 0,2 0,16 3,98%
Mean value 3,97 5,25 0,21 0,17 4,27%

Tablel: Dimensional and waste characteristics of blocks

Source (own)



In figure 101t is presentedhe model of produced block, therge wasted part and the

final block that ipreparedor furtherprocessing.

A

Figure10: Right and isometric view of block and top removed

Source (own)
4.1.2European prices of raw material in 2018
The price of TDI was doublezbmparing 2018 indicator to previous years. As it is one
of the basic material for producing PU foam it affetisprice ofthe finalproducts.
Price of Toluene Isocyanatas it can be observed in figureXixceeded 3.20 euro per
kilo in February, maxinging its price in April reaching 3.40 euro per kilo. After May
it started descending periodically every month by around 0.30 euro per kilo. It reached
the foregoing price nearly 1.80 euro per kitovas the first time in Europe the last 30
years that TDteached so high prices due to functional problems of supplier industries
and the closing of one supplier industry. As there was high demand for chemicals, this
demand could not be covered by European suppheiditionally, it is important to
mention tha suppliers of chemicals are mostly multinational companiiis high
negotiating power. Small and medium companies struggle to get a competitive price
for chemicals in comparison to big competitors that can make contracts for fixed prices
of raw material&and be able to control manufacturing costs.
To be more accurate in the calculation of TDI wasted cost it was also considered, the
ordering point based on the safety stock of raw matdathe moment an order is
placed it takes 40 days to deliver rawterial. Factors such as customs clearance and

strikes in ports may affect delivery time.
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Figure11: Fluctuationof TDI price in Europe for year 2018
Source (ICIS, 2018)

The diagranof figure 12showsthe fluctuation of the seand basic raw material used
for flexible polyurethane foam. The most comnpmoiyols used for manufacturingf
flexible PUFaredipropylene glycol and glycerol containing less number of hydroxyl
groups, two and three respectivelyspecific type of polyols used for soft foam and
another one for harder foarmhe price of polyols in Europe for year 2018 did not
fluctuate dramatically remaining almost betwegryO and1.85 euro per Kkilo.
Considering thgraph of figure price of polyol was selected to be étyud.80 for the

calculations.
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Figure12 Fluctuationof polyol price in Europe for year 2018
Source (ICIS, 2018)

4.1.3 Cost calculation of raw material waste

By knowing the volume of produced foam per month as well as treuogption of

raw materials it was found the required amount of TDI and polyol required per cubic
meter. Additionally it was calculated the volume of wasted foam and converted to raw
materialwaste. As the prices of raw material are calculated in kilos lenddta that

elicited are measured in kilos it was necessary to find the density of TDI and polyols

to calculate the final cost.



Consumption = Volume of

Months of year 201€& of TDIper m3 = wasted PUF TDIwasted | TDIs weight = Cost of TDI

Volume of block

of PUF (m3) (m3) (ko) (euro)
January 0,009 80,436 0,715 864,617 2.593, 85 B9
February 0,009 37,757 0,334 403,693 1. 291, gdumaiof waste/block
March 0,009 77,283 0,693 838,136 2.765, 85 017nt
April 0,008 38,803 0,326 394,293 1. 340, 6 0Deatsity of TDI
May 0,009 67,432 0,608 735,104 2.499, 35 21kg/l
June 0,009 57,331 0,498 601,998 1.926,39
July 0,008 101,927 0,857 1037,160 3.215,20
August 0,009 37,064 0,319 385,831 1.196,08
September 0,009 40,064 0,365 442,140 1.237,99 «
October 0,009 70,518 0,631 763,902 1.986,15
November 0,008 38,239 0,320 387,752 930, 61 0
December 0,009 75,118 0,659 796,793 1.673,27
Summary 721,973 6,323 7651,420 22.657,14 1

Table2: Calculating waste cost of TDI

Source (own)

Consumption = Volume of

Months of year 201& of polyols per wasted PUF Polyols Polyol's - Cost of polyol

wasted (m3) | weight (kg) (euro) Volume of block

m3 of PUF (m3)
January 0,017 80,436 1,398 1439,654 2.591, 38 0395
February 0,020 37,757 0,739 761,175 1. 370, Ydumeiof waste/block
March 0,020 77,283 1,550 1596,203 2.873,16 0017
April 0,016 38,803 0,635 654,253 1. 177, 6 ®ensity of polyol
May 0,019 67,432 1,288 1326,327 2.387, 39 403kg/l
June 0,018 57,331 1,018 1048,206 1.886,77 U
July 0,018 101,927 1,806 1860,298 3.348,54
August 0,019 37,064 0,718 739,809 1.331,66 0
September 0,020 40,064 0,795 819,255 1.474,66 U
October 0,020 70,518 1,412 1454,438 2.617,99
November 0,017 38,239 0,639 658,132 1.184,64
December 0,019 75,118 1,458 1501,791 2.703,22
Summary 0,018637636 721,973 13,456 13859542 24.947, 18 0

Table3: Calculating waste cost of polyols

Source (own)

4.1.4Trolley material failure

Due to physical fatigue of employees as well as the characteristics of the trolley used
for block transferring from the end of the convetmthe curing area some blocks are
deformed permanently. Specifically, when the block is loaded on the one axis trolley
it falls towards the handling leverage and compresBed.following figure provides

a 3D model of the trolley that is used and theodweftion of the blockAs a key



performance indicator it would be the number of blocks that deform per production
day. In figure 13it is rendered the model of the trolley used tloe transferring of
blocks as well as the falling of block on the leverdlggt deforms permanently the
block.

Figurel3: Right and isometric view of trolley and loaded block

Source (own)

This deformation contributes to the creation of foam waste. When the time comes to
process this part the operatacitles how to handle it in order to fit it in the desired
dimensions of the ordered part. If it does not fit it stays in stock for another order.
Additionally keeping waste of this part at low levels depends on theatopge

experience, envisioning and cpuotational skills.



4.2 Results and recommendations

Although that at first glance a percentage of 4% of waste seems low and not important.
Consideringhat price of TDI wadluctuating anchigh, price of polyols was constant

it calculated that cost off DI waste for year 2018 reache@2.657,14 euros.
Additionally, the cost of plgols wasted computed that react#Hd947,18uros.

Figure 14presents the current model of the machine plmnarder to improve the
shapeof manufactured blockiming to saveaw material and increase its quality it is
proposed the addition of some parts in the existing maelsiit is presented in figure

15. By installing horizontal turning cylinders at the top of the flowing tunnel on
specific spotshe top face will be squad shaped. It is important to highlight that paper

is added at the top such as both at right and left side of block. In more detail, the aim
of adding the cylinders is not to press
shape of swellindgpread It should expand towardge corners tody interfering in

flow of raw materials as it is still liquid at the expansion process.

*1somelric

Figurel4: Current model of machine

Source (own)



Figurel5: Addition of rollers on the top part of machine

Source (own)

Furthermore, another propos$at theavoidanceo f bl ockds bottom def
the wrinkling of paper it could be the addition of more horizontal cylinders at the end

of the machine. The rolling of block t@mes smoother and deformation is prevented
increasing quality. Besides quality, there is no need for operator standing by the block
that is loadedon the trolley to remee the bottom paper. By this improveméhe

operator is released of this procesd becomes available for another

The possibility for block dformation during loading of blocks twolley at the
production stage increases due to the physical fatigue of employeesderto

eliminate this risk that results idecrease of quality, creah of waste and
considerations about the way these blocks should be handled it is propesed th
improved trolley of figure 16By adding a rectangle wooden piece at the edge of the
trolleyds | oadi ng stafall brehe &vetade arfocbdefarmoekd | s i

I
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*Isometric

Figurel6: Views of improved trolley

Source (own)

Considering the whole layout of the industry aiming to reduce production, waiting,
transportation and motiowaste anew layout is posposed as presented in figure 17

The proposal is based on the types of waste found at the observation stage and they
were mentioned in subchapter 3.3.5 page 14. To facilitate the comprehension of the
processes there has been madapion at the right side of the proposed layout.

In the new layout the old machine is replaced with a new production machine that
manufactures via the use of block molding. By this way there is no need for keeping
stock for special qualities with low demand. The red arrows showing the path of
manufactured bicks that are transferred for curingellow arrow presenting the
transferring of cured blocks to stock, the blue arrows represent the processed products

and the black the final packaged products.
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Figurel7: Improved layout anddw
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After curing they move to the inventory. By adding a conveyor line connecting

inventory to cutting processegpartment it is eliminated the move of forklift truck in

the heart of the industry preventing safety issues and reducing timassformation.

Relocating the cutting processes as well as the sewing processes close to the exit were

completed orders loaded for delivery it is reduced a significant number of moves inside

the industry. The prior sewing processes department beconfe$thheo d u c t

exhi

department were samples of final products are exhibited for the customers.

Furthermore, as there is possibility for producing single blocks of different quality, a

department for testing new qualities of foam next to the new machves @

competitive advantage to improve quality of foam. The new machine gives the

opportunity to expand in a new market field besides flexible polyurethane foam

products and manufacture polyester foam products.

Additionally, wastedfoam of cutting process remains at the processing area,

collected and introduced into the fillerachine and packaged a productConcerning

inventory control it should introduced a bar code system integrated in the ERP system.

Besides, training of employees for efficienttowg as well as for CAM software and

lean principles should be introduced a formal activity. Another proposal for

reducing time and motion waste of employees is related with communication issues

due to the area size of the industry. Intercommunicdt&ween employees improves

the working efficiency. It could be solved by providing VHF wireless transceivers to

the employees and the offices. Unnecessary move of office employees and operators

prevention releases time that could be used for training plogees.

bi



Due to the fact that commercial final products have more value than semifinal products

it should be seriously considered to produce mattresses pillows and other products
addressed for sectarslated to clinical products and hospitality.

Another fctor that affects costs of production is energy consumption for keeping
temperature of raw material constant &t@5As it is presented in the layout the area

of raw material storage should be reduced as there is no need for keeping temperature
constanf or t he whole room. The roomb6s vol ume
the consumption of electricity for cooling or heating.

Prioritization of improvements is based on cost, easiness of application and time
utilization. Furthermore, changes folowaegquence t hat does not

operations in a way that influences operations.

Prioritizing improvements

1. Improving trolley
Intercommunication devices
Adding extra rollers in the production machine
Adding top cylinders in the production machine
Introducing electronic inventory control
Training of employees for efficient/special cutting
Buy the new block molding machine

Buying of conveyor line

© © N o g pr N

Build the new area of sewing department
10. Creating product exhibition department
11.New product development gartment/Testing new qualities

12.Changethe whole layout.

Chapter 5 Conclusion

5.1 Limitations

In order to identify specific spots for introducing cylinders on the top of machine it is
required to analyze the phas e defamatioho a md s
caused by trolleybés |l everage it was not
were not sufficient number of tests during the production ph&aehermore,

suggesting specific layout for cutting machines needs more circumstasealation



for a long period as the products are customized and produced with make to order

strategy. Lack of time was a limitation that could not be surpassed.

5.2 Future work

The specific case study could peceeded in order to synchreaithe use ofutting

machines.A techneeconomic analysis in relation to energy efficiency could be
conductedrom an engineer perspectily knowing the energy consumption it would

have interest to examine tpessibility for energy autonomy, possibility to produce
electricity for the companyds needs and r
space.Additionally, the reconsideration of marketing plan along with the sales
strategy, the companyds core values, the
more shifts and hiring new specialized employsesildbe studiedn deep. The future

objective aims toreinforce business activity and support the propositions of the

presented dissertationdés outcome in ordei
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