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The aim of the research was to find ways in thelpetion of the case company as to
how an extrusion process could be improved towardssed-loop system. The primary
goal was to find methods how the undesired outplaistic waste or scrap, could be
eliminated. The Group’s target is to decrease th@pspercentage to 7.5 % (in the year
2015 it was 10.06 %). The secondary target wasuayshow scrap could be recycled
inside the factory to valuable input, regrind.

The current state of the core company was studmedugh participant and non-

participant observation, through interviews and Hraalysis of the ERP- and BI-

programs and also by working short periods in tredpction. Observation continued

during the research and meant taking part in mgrmeetings and observing other dai-
ly operations. Numerical data showed the efficien€yhe current extrusion process.
Working in the production made it possible to dee production process from inside.
The interviews and the analysis helped to disctivermain development issues in the
current state.

Literature was used for surveying the requiremémtghe closed-loop system, for the
concept of process-orientated thinking, elementsxtfusion and for the study of plas-
tics recycling. The literature about Lean-Philosppihas also important for this re-
search.

The most important results of the research condemelopment issues and recommen-
dations of the raw material purchase, inventory araderial management, the produc-

tion process, recycling, information flows and glaitanagement. Main problems were

related to the lack of systematic and studied nashdélso the use of regrind requires

scientifically studied and tested ratios, becatsenechanical and processing properties
(for instance MFI and bulk density) change duriagycling. It was also noted that the

performance of employees affects strongly the perémce of the extrusion process due
to its manual nature. The first recommendationoiscorrect issues relating to the

sources of scrap because biggest financial beregftgelated to it. Also the study on

regrind ratios should start as soon as possiblis. Ay require forming a project team

due to the extent of the topic. The secondary @alis to carry out issues that facilitate

recycling and help to achieve a closed-loop system.
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Diplomityon paatavoitteena oli 16ytda keinoja kohglgyksen tuotantoon, joilla ekst-
ruusioprosessia voitaisiin kehittdd muovimaterrdaérron osalta suljetummaksi. Tar-
koituksena oli ensisijaisesti I6ytada menetelmidnka prosessin ei-haluttua tuotosta eli
muovijatetta voitaisiin eliminoida. Konsernin tatteena on laskea syntyvan hukan
maara 7,5 %:iin (vuonna 2015 10,06 %). Sekundazisavoitteena, oli tutkia kuinka
tehtaan sisaisesti muovijate voitaisiin laadukkgastmahdollisimman suurella prosent-
tiosuudella kierrattaa takaisin arvoa tuottavakéiteeksi.

Kohdeyrityksen nykytilaa tutkittiin osallistuvalja ei-osallistuvalla havainnoilla, haas-
tatteluilla, analysoimalla ja seuraamalla ERP- |gaBestelmid, seka tydskentelemalla
lyhyité jaksoja tuotannossa. Havainnointi jatkuk&autkimuksen ajan ja tarkoitti péi-
vittaisiin aamupalavereihin osallistumista seka deui operaatioiden seuraamista. Nu-
meerinen data tietojarjestelmista antoi prosesgkyiaen hyotysuhteen. Tyodskentely
tutkimuksen alussa auttoi nakemaan prosessiadsisiiiastattelujen ja niiden analyysi-
en avulla saatiin karkea tarkeimmat kehitysalugg&ytiassa.

Kirjallisuutta sovellettiin kartoitettaessa suljetmateriaalikierron vaatimuksia ja tutkit-
taessa prosessiorientoitunutta ajattelua, eksttajgia muovien kierrétysta tehtaan si-
salla. Myos kirjallisuus Lean-filosofiasta oli t&&ssa roolissa.

Tutkimuksen tarkeimmat tulokset ovat kehitysalueesuosituksen néaiden ratkaisemi-
seen materiaalinhankinnan, materiaalin- ja vardmsttinnan, tuotantoprosessin, kierra-
tyksen, informaatiovirtojen ja arkipaivaisen johiaan osalta. Suurimmat taman hetki-
set ongelmat liittyivat systemaattisten ja tuthétutoimintatapojen puutteeseen. Myos
muovirouheen kaytto tarvitsee tarkemmin maaritgdyhyvaksi todistetut syéttésuhteet,
koska kierratyksen aikana sen mekaaniset ja prosgissninaisuudet muuttuvat esi-

merkiksi sulaindeksin ja tiheyden osalta. Huomatiiiyds, etta tyontekijoiden suoriu-

tumisella on suuri merkitys ekstruusioprosessinigiomisen kannalta sen manuaalisen
luonteen vuoksi. Ensisijainen jatkosuositus on &arjtekijat, jotka aiheuttavat hukka-

muovia, koska tahan liittyvat suurimmat taloudellibyodyt. Myds muovirouheen kay-

tén lAhempi tutkiminen tulisi aloittaa mahdollisimmm pian. Tama voi vaatia aiheen
laajuuden vuoksi tutkimustiimin. Seuraavana jatksstwksen on korjata asiat, jotka

edesauttavat suljetun materiaalikierron ja kieké&éy toteutumista.
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1. INTRODUCTION

Creating value for the customer is the key of amgm®rise. In manufacturing industry
often the core process where the value is phygicadated is a production which cre-
ates from input (raw materials, knowledge, laboouris and energy) desired (products)
and undesired (waste) outputs. In a Finnish busieagsironment, where achieving cost
competitiveness is challenging, getting a high fl@nd resource efficiency becomes a
major factor to maximise share of the valuable outd the process. Especially in the
case of plastic industry where material costs aarecover half of the total product
costs, achieving a good material efficiency is sesaey. At the same time changes in the
legislative environment push companies to act aliogrto sustainable development.
Thus, companies experience challenges of the efiicise of material resources. Clos-
ing the materials loop is an effective answer. Tlosed-loop system means perfect use
of resources; input is entirely turned into desicedput and if waste is formed, it is
turned back to input.

1.1 Background

The case company and the customer of the resear@t-innish plastic manufacturer
which belongs to a global Group. It has three umté$inland; a production unit in
Western Finland, an internal raw material preparatinit in Southern Finland and a
secondary operation unit also in Southern Finlarak production method is an extru-
sion, which is a continuous process that pushegethglastic raw materials through a
tool with a certain cross-section profiles, pipess and other in the longitudinal direc-
tion uniform shapes. The success of the extrusioogss depends strongly on the com-
patibility between melts rheological behaviour a®d conditions, equipment and ma-
chine.

In the year 2014 the case company used over 1@6{&$ plastics raw material (in the
year 2015 corresponding value was 1 584 tonnestthvers circa 79% of the total ma-
terials input which was 2 104 tonnes (packing mal®rmetals, plastics). Of that input,
86 % was processed to products and 14 % was uadesitput. This consists of land-
fill waste (4 %), combustible waste (1 %), regrsadd as secondary raw material (3 %)
and made regrind to the own process (6 %). Thefilamdiste is the most undesired
share because it consists mostly of PVC that ssidlad as organic waste. According to
the Finnish Waste Law’s Act 331/2013, placing oigamaste (the concentration of
carbon more than 15 %) to the landfill is forbiddEmding ways to reduce the share of
waste is important also from the financial pointvadw, because for instance 2014 the



total lost value in the form of plastic waste wa®m300 t€, when the value of virgin
raw material, landfill and combustible waste castd poor income on sold regrind had
been taken into account (see the Chapter 5.1.28)Vast

The research has been enabled by a scholarship Yy=dundation. It is carried out as
part of the Master's Thesis of Materials Sciencegpam in Tampere University of
Technology.

1.2 Objective

The research problem of this master’s thesis fntbways for the case compahgpw
material usage can be turned into a more closetesydMade plastic waste, scrap, can
be mechanically recycled to regrinithe primary target is to reduce non-valuable waste
material outputof the extrusion process atfte secondary target is to increase the use
of regrind as a value creating outpuh the year 2015 the actual scrap percentage was
10.06 % (planned 8.12 %), the weight of scrap atmé® tonnes and the actual scrap
value circa 290 t€. The Group’s target is to redineescrap percentage to 7.50 % which
means 71 t€ savings in material costs when compard¢le actual scrap percentage.
Even more optimistic scrap level 5.00 % would iadtenean 144 t€ savings (see Chap-
ter 6.4.2 Scrap and Made Regrind). The total aogtact is even bigger when taking
landfill costs, labour hours and other incurredtgasto account. The aim of the re-
search was to outlineoncrete methods that support achieving the seenual targets

for the scrap levehnd help to raise a material efficiency by clogimg materials loop.

Regrind differs from virgin plastic raw materialg processing conditions, rheological
properties, morphological properties and thermiadt mechanical properties of the end
product. Determining the common problems when usegicled plastic materials and
finding factors affecting the recyclability shout@ covered at least in the theory chap-
ters. In addition to material related issues carang) the effect of information flows,
commitment of employees and attitudes were in ttupe because they also have an
impact on formation of scrap and on the use ofinegr

The company has tried to solve the issue relat¢detaise of regrind for years but with-
out a real breakthrough. This is why one criterimhen measuring the success of the
research, is to look at the process in a fresh.ligbklf-evident results like the role of
better tools in generating scrap are ignored aeadim is to find partly hidden factors in
the process.

1.3 Scope and Structure of the Research

With regards to a flow unit (plastic raw materiaisg¢ research is limited to cover issues
from the raw material purchase to production. Saaftbe research has been visualized
in Figure 1. Research and development (R&D), safegroducts and other financial



management were not included. R&D can affect tlugalability of the product espe-
cially in the long-term but due to a huge areahef $tudy and the talented project man-
ager in the company; it was not considered necgs$sarse resources in this area. Also,
in this research closing the loop of post-customaste was not studied. The research
problem has been divided into smaller areas aaegri the value chain; raw material
purchase, inventory- and material management, Eximwf established and new prod-
ucts and maintenance, quality control and recyclingaddition to material flows, also
information flows and a daily floor level managemeand commitment of employees
has been studied.

P , £ Landfill waste
reparation of WM purchase (Mostly PVC) &

the raw material |
Landfill waste at the internal or ngﬁg rrgiv Combustible waste

(Mostly PVC) & external supplier |
Combustible waste ‘ Sold regrind
Internal /

Customer operations;
Production

\ Delivery /
to the

CUStOMEr |\ ]

Figure 1 The focus and scope of the research

When the research started, it was not clear whagshn each area affect the formation

of scrap and the use regrind. The overall pictuas achieved through participant- and

non-participant observation, working in the prodoetand getting numerical data about

the efficiency of the current extrusion proces®yis and outputs). Interviews were

performed in order to find out which topics to pues This was done because employ-
ees from different areas around the research prohked a lot practical experience and

the research time was relatively short. Collectathdvas compared to literature about
the processes, Lean, extrusion and recycling. Rewndations were based on all col-

lected observations, interviews and literature.nL@as chosen as the main perspective
and method because it was introduced in the compaigyv years ago. It has also a

strong connection to process-orientated thinking) thie closed-loop system, due to the
aim of both concepts being to reduce valuelessevast

Due to the process nature of extrusion and obsesyetptoms of broken processes
Chapter 2 covers process theory and effective abofrthe process. Fundamentally
alsoa closed-loop system is a strategy of perfectlyrotiad flows inside the process

Process mapping is considered to give tools howvega® observation could be done
better. Measuring the process performance is impbih order to get a picture of the



current performance and what should be done teeaeha more closed materials loop.
Theory of Lean-philosophy covers two main flowsidesa process; information and
material flow. In the end of Chapter 2 the theoryhe closed-loop system gathers, in
addition to what was previously learned, thingsdeeefor achieving a closed-loop sys-
tem. At last but not least the role of employeeseisewed. Without their commitment
any improvement changes will fall back to as theyrev Their role is significant espe-
cially in extrusion, because due to its mostly nemature in the current case process,
the performance is strongly dependent on theiroperdnce.

Any defect in material or equipment is possiblersewf scrap. To be able to achieve a
closed-loop system and process high quality predwdh a low scrap level, knowledge
about equipment and materials is required. Ch&ptiscusses these issues. Systematic
troubleshooting is maybe the most critical stepardong scrap and extrusion problems
and can also have huge financial impacts. Downdiaral off-quality products are nec-
essary to be able to diagnose quickly when extnudevelops a problem. At the end of
Chapter 3 the use of recycled plastics and comnoblgms related to them are
viewed. This gives also a theoretical base as 0 tegrind should be re-used in the
extrusion process.

Chapter 4 discusses the used research methodscioeety and explains for instance
how interviews were carried out. Theme intervieweyavthe most important source of
information about the current state because ofdladive short observation time.

Chapter 5 lists the observed issues around prdyionsntioned topics (raw material
purchase, inventory and material management, ptimsu@rocess, recycling, infor-
mation flows and managing and people). Overall ntlagn problems were caused by the
lack of systematic and studied approaches. Alsty daaanagement, commitment of
employees and the attitudes affected the proce$srpance, the amount of generated
scrap and used regrind relatively much.

Chapter 6 gives suggestions and example solutiongra@viously mentioned issues.
Conclusion summarises the content from previouptehns, lists possible sources for
errors, estimates the success of the researchiaesl gcommendations for further re-
search.



2. CONCEPTS OF PROCESSES, LEAN-
PHILOSOPHY AND A CLOSED-LOOP SYSTEM

A closed-loop system or circular economy is ofterdgd with a view to environmental
benefits but relatively less with regards to enieg However, it can produce great
value also to the enterprise due to a higher natproductivity, saved waste taxes and
increased value to the customer. Fundamentaltyatstrategy that means perfectly con-
trolled flows inside the process; input is fullyilized due to the fact that only desired
valuable output without leakages is generated &mmhdesired output is formed, it is
transformed back to input. The closed-loop systemoit easy to achieve because it re-
quires a thorough knowledge about core and sugpodesses inside the factory, pre-
cisely determined material and information flowspd integration with other steps in
the value chain and committed employees (operators)

The area of the study is a plastic extrusion pmedsch consists of a raw material in-
put and a plastic profile/pipe output. As well bs tlosed-loop system, also the success
of the extrusion process depends on how well tbegss is under control. This makes
the concepts of processes topical and is the reakgnt has got a relatively important
in the research. One way to improve the performasfcprocesses and enterprise is
Lean-philosophy, which has as an aim to producebtst possible value for the cus-
tomer and eliminate all waste from the process.té/amans all those issues that do not
produce value for the external or internal custofttex next step in the process). Figure
2 visualizes the concept of Chapter 2. The umbtelia is the closed-loop system, un-
der it places the concept of processes and the-pleidwsophy according to which the
flows are managed.

THE CLOSED-LOOP SYSTEM

What approaches inside the process lead to theutiieation
of input and produce maximal output without wastefaste is
formed, how it can be returned back to input?
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Figure 2 The concept of the Chapter 2; the umbrella termhésclosed-loop system and
under it the concept of processes and the Learmegbihy



This chapter focuses on the relationship betweencejus of processes, Lean-
philosophy and finally the closed-loop system. Wheed together these can be a
source of competitiveness, but it is possible aevitgn there is a strong link between the
strategy of the closed-loop system and the cororatrategy.

2.1 The Concept of Processes

Organizations comprise of four elements; peoplecgsses, control mechanisms and
structure. The reason why processes carry a dritota is despite what we usually
think, 85 percent of all problems in organizati@as be attributed to processes, control
mechanisms and structure and only 15 percenttfallse people (operators of the pro-
cess). (Madison 2005, p. 3.) Fundamentally evemgtta business enterprise does to
survive is process. The misunderstanding that gs@seare under control when they in
reality are not, can lead to uncontrolled procegput (Hunt 1996, p. 1-2). Like Rumm-
ler and Brache have wisely said (2012, p. 42);

“Processes are rolling along (or frequently, stumigl along) in organizations, whether
we attend to them or not. We have two choicescamagnore processes and hope that
they do what we wish, or we can understand thermaanthge them.”

Improving a process requires abandoning of thetioaadl task-orientated and highly
hierarchical organization. Traditional organizaicare departmentalized to parts which
all perform their own repeating functions and asatmlled by a higher authority. The
problem is that none of the functions can themselehieve organizational goals and
employees might not have an overall perspectiveay(@ Starke 1984, p. 175-176.)
Unlike a traditional organization, process organaadoes not highlight hierarchical
decision making. Core processes, which have toenmed to produce value to the
customer, are defined and process teams are duitaintain those operations. All pro-
cesses have their own process owners who are @bf®ifior coordinating process
teams. Middle management coaches and gives advigetess teams and owners and
a small executive team leads the company. (Pelt2888, p. 37.)

A change to a process organization is not easgsirtd implement but is usually worth
it. It requires time and effort to define the compa core processes that are needed to
produce value for the customer. The company’s amtres usually change dramatically
and the reward system may need upgrading. Theforamstion to a process organiza-
tion requires also changes in attitudes; managers to give teams and employees the
right to make decisions and on the other hand eyeplo have to be committed and mo-
tivated to work together. (Nieminen 2007, p.40-41.)

As mentioned before, many problems in a companybsaitinked to their processes.
According to Madison (2005, p. 55-59) symptoms bf@ken process are:



* Internal or/and external customers are unhappy e-dbality is not as expected
and certain things take too long

e Processes have to be done many times — scrap,kesstacorrect information
etc.

» Employees report a high frustration — processes aondk-tasks are confusing,
full of bottlenecks and have design flaws

* There is finger-pointing and blaming in processesugen departments

* Processes are not measured or controlled — ouipu¢ and quality varies and
reacting to undesired output is difficult when thés no standardization

* Inventory, buffers and other assets sit idle — miale and information do not
flow effectively

* Too many reviews — motivation to produce desiredlityufor the first review
decreases

* No one is managing the total process — there shbaldomeone who has au-
thority to fix and allocate resources as necessary

* Management throws money at the problem withoutrgetmprovements - im-
proving operations do not fix the root cause

* Managers spend a lot of time with firefighting +theut fundamental changes in
processes fires most likely recur

The problem of a traditional organization is thaskis are highly specialized and the
whole organization focuses on functions not proegsd¥Vhen items get handled by
many people who are in functional silos and no¢graited together, they all have dif-
ferent goals. In a cross-functional organizatioogte from different departments work
together ina teamand they have the same goal; to complete a whete of work - a
process (Hammer & Champy 1993, p. 66.) Teams that cordigteople from all de-
partments, who are in touch with the process, Hmateer probability of solving root
causes of problems. They have practical experiamcedifferent perspectives to the
process so the result is probably more compreheriean decisions made by manage-
ment who have little to do in a reengineered emvirent. (Kurnik 2016.)

2.2 Process Mapping

Process mapping consists of those analytical anthumication tools which make it
possible to identify a company’s current “As-Is'epesses and sketch the “To-Be”
roadmap for future (Hunt 1996, p. 1). Process mappan be done on three different
levels. The least detailed is a macro flowchartyendetailed is called a functional-
activity flowchart and the most detailed flowcharcreated at the task-procedure level.
(Madison 2005, pp. 21-30.) These all complemenh edber and are not usually com-
prehensive enough to be used singly in processowepnent projects. The reason for
introducing process mapping so carefully is thaemwlkleveloping production towards
the closed-loop system, it is necessary to hav®mugh knowledge about one’s inter-



nal processes. Only by mapping current core and@tprocesses one can identify the
main problems and small details that create wastiepaevent the process from being
closed.

A macro flowchart comprises only the most critieldments of process. Because of the
lack of elements this flowchart is used only in theginning of the process improve-
ment projects to catch the “bigger picture”. (Maais2005, p. 22.) Figure 3 below
shows a very simple macro flowchart of a plastitiesion.

Producing Raw material
raw material shipping

Shipping the Review
product to of

the customer product

Figure 3 A very simple macro flowchart of plastic extrusprocess, a box = an activi-
ty, a diamond = a review, an arrow = the directiohthe flow, a triangle = a storage,
the big D (not in the figure) = delay (adapted frdadison 2005, p. 19-21)

A functional activity flowchart represents peoplaonare working in the process. With
a functional activity flowchart the user is ablesfmt problems and disconnects between
departments or individuals, see who takes the vadldeed steps and who does not and
see where most of the work is done. (Madison 2p033-25.) Figure 4 shows a part of
an imaginary functional activity flowchart aboutrimducing a new product after re-
search and development.

Project team .
R&D . Production

(members from R&D and production)
Machining the tool g Receiving the tool

Doing the test run

Is the tool pr.c)ductlon Ty ——
ready?

Collecting feedback from

employees

Does the tool
need fixing

W

Figure 4 An imaginary functional activity flowchart abouttiaducing a new product
after R&D (adapted from Madison 2005, p. 23-25)



After spotting a problem in the functional flowchahe root cause should be identified
and here the task procedure flowchart becomes lugbfadison 2005, p. 30.) Figure 5
shows a task procedure flowchart about a genewltguheck in the case company’s
production.

Sequence Time Symbol Frustration Description Why do we do this step?
Taking random profie or To get a test sample which
3 lo
! S @’%.A W product for testing represents a batch
low / mediun| Checking semblance (coloyr, To find out if a test piece meets|
10
2 S .@. A / (high’ gloss specification
d Measuring dimensions withp  To find out if dimensions meet
8 10- 605 ®’9.A low calipel specification
Cutting one-meter-long piege .
30 lo To get [ ht
4 s @‘%.A w of the profie 0 get a meter weig
Measuring the mass of ong-To get a meter weight for calculation
S 20's @‘%. A low metre-long piece of material consumption
To find out if we meet productivi
6 20s @‘9. A low Writing down the run speed  goals and if we are in time with
productior
. . To find out if our results in ine with
7 20s @‘%. A |low / mediumComparing results to standafds standard

Making the decision: is the t¢
low / mediun| sample passed or does the To find out if the process needs

.@. A / (high) process need corrective corrective actions

action

8 10s- ..,

Figure 5 A functional activity flowchart of the quality ection in the case company’s

production; sequence = the step number, time = lmw a certain step takes, frustra-

tion level, description of the step and the reawsdty the step is done (In some cells
there are many options depending on a product) geethfrom Madison 2005, p. 33)

Four lenses used to analyse flowcharts; frustratiome, costs and quality. When im-
proving processes to the closed-loop system athede are important. Frustration usu-
ally correlates with quality so by reducing itjstpossible to improve quality and avoid
waste. Thus it often points to bottlenecks and atisects in the information flow.
(Madison 2005, p. 88-90.) According to Lean-philglsp waiting is waste (expect rare
cases, like whiskey aging in barrels) what makestitine lens very useful to spot and
remove unwanted process steps. With the third lers, it is possible to calculate the
return on investment generated from process reale3ige quality lens is important
with regards to scrap because all activities thatr@t done the first time cause waste.
(Madison 2005, p. 91-115.)

After finding a root cause of waste and solving@bfem, the aim is to prevent it from
happening again. There are many error proofingnigcies that are based on minimiz-
ing human errors with simple ideas. (Madison 2Q8%, 126.) Human errors increase
when people are tired in night shifts. Lack of plggedisposes people to decisions
without enough assessment and decreases perform@umanen Laadkariliitto 2005.)
When night shifts are reality in a company’s prddug all procedures should be de-
signed to be so easy to follow and perform that glsople working at night can cope
with those. Mistake proofing technique, poka-yolsea useful way to reduce human
errors and reduce variation in activities. It makesther impossible for an error to oc-
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cur or makes it possible to detect an error imntelliaonce it has occurred. (Tague
2005, p. 351-356.) Many benefits relate to pokaeytdchniques; they promote indi-
vidual responsibility for quality ownership, ardieent but with little investment, de-
tect errors as soon as possible, focus on wastes@ag@ reduction in defects and pro-
cessing and provide immediate feedback (Burton &d&s 2003, p. 118).

2.3 Measuring the Performance of Processes

Measuring the performance of a process is impoxtduan trying to achieve the closed-
loop system because without measuring the perfarendnis impossible to control,
manage, make intelligent decisions or improve lmssmrocesses (Trade 1995, p. 4-7).
It should always be tied to the organization’s goabbjective and reflect customer’s
needs. (Trade 1995, p. 4-7.) It is important toveurwhat those indicators are that can
be used to measure the company’s own goals aneffineiveness of processes (Mar-
tinsuo & Blomqvist 2010, p. 4).

Measured processes can be divided into two maiaopgroCore processes are tightly
connected to a customer outside the company atldsircase they consist of the sales,
research and development (R&D) and extrusion proalucWhen achieving the closed-
loop system all are needed and should have the gaaleThe sales is responsible for
communicating with the market and identify if thesedemand for recycled products
and what kind. R&D is responsible for creating newd modified products (of partly
recycled materials) in order to fulfil customer’ssites. Production is responsible for
realizing demand as products (of partly recycledens). (Slack et al. 2001, p. 18.)
Support processes are connected only to compamgeal customers, for example to
the next process and are needed to maintain eféeaperations (Martinsuo &
Blomqvist 2010, p. 4).

Quiality, speed, dependability, flexibility and c@st the main objectives of processes
and that is why they are also good measuring afeéasd quality requires that all other
mentioned issues come into effect. A good indic&toiit in the closed-loop system is
the scrap level or the number of defects per @peed can be measured for instance as
actual versus theoretical throughput time (affectitso the flow and resource efficien-
cy). (Elearn 2005 p. 47-48.) In the case compagypad indicator for dependability is
realized extrusion runs without problems versu$ized runs with extrusion problems
and extra scrap. Flexibility can be measured as taken to change schedules and cost
as utilization of resources (Elearn 2005, p. 5% Pperformance indicator should let us
know how well we are doing, if we are reaching guoals, if our customers are satis-
fied, if our processes are in statistical contnodl avhere improvements are necessary
(Trade 1995, p. 4).

Only collecting statistics does not lead to impyerformance or achieved goals. As
important as collecting statistics is to analyse ithe right way and implement the re-
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sults and feedback in operations. (Elearn 20063p. During the analysis the raw data
is converted into understandable performance measnd this is compared to goals or
standards (Trade 1995, p. 10). This should givdldaek to the process input and be a
trigger to systematic corrective actions, which als® connected to the organization’s
goals and effectiveness. (Martinsuo & Blomqvist @0g. 3.) Figure 6 shows a simple

feedback loop (Trade 1995, p. 9).

Control activity o Goal/Standard
> Sensor

what we intend to regulate - .
measures actual performance in

desired performance in terms of

- . - \ the unit of measure
terms of the unit of measure |

Responsible Decision ) Responsible Worker(s)
Maker compare actual performance
makes changes needed to bring with goal or standard; in

performance into line with difference warrants action,
goal/standard reportts to responsible decision
maker

Figure 6 Feedback Loop in Process Improving (Trade 1998)p.

The loop starts when a sensor evaluates actuarpsahce (1) and reports that to a re-
sponsible worker (2). He or she compares that éitfiormation from the goal or
standard (3) and if there is a difference, the wonlkeports to a responsible decision
maker (4). The responsible decision maker verifidsmation and determines if a cor-
rective action is needed to bring the performanaekbin line with the goals (Trade
1995, p. 8).

2.4 Lean-Philosophy

Lean-philosophy derives from Toyota Motor Corparatiand especially from Toyota
Production System (TPS) which is famous of its grenance level all around the world.
Many companies have tried to achieve the same wstd dy transferring TPS methods
like Kanban, Single-Minute Exchange of Die (SMEDYaother tools to their produc-
tion. Many times the reason why they have not seded in the desired way is that the
core idea of Lean-philosophy was misunderstoodbd dean, it is not sufficient to just
implement Lean tools or methods. Lean is meieis a philosophy. It starts from the
vision and continues with everyday learning, chglag and pushing the performance
to a higher level. Paradoxically all activities hoections and production flows are rig-
idly scripted but at same time operations are extig flexible and adaptable. (Spear &
Bowen 1999.) In TPS and Lean-philosophy four basies act as a guide for all com-
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pleted activities, decisions and improvements. Aditg Spear and Bowen (1999) rules
are;

1. All work shall be highly specified to content, seage, timing and outcome.

2. Every customer-supplier connection must be direct there must be an unam-
biguous yes-or-no way to send request and receisigonses.

3. The pathway for every product and service musirbple and direct.

4. Any improvement must be made in accordance witlsdigmtific method, under
the guidance of a teacher, at the lowest posséyellin the organization.

The flow efficiency is the core idea of Lean-phdply and a requirement also in a
closed-loop system. It means that rather than maiigithe use of resources we focus
on getting the processed unit to flow effectively asrthe organizatiarFlow efficiency
can be calculated ldividing the time when the flow unit (a productjgydirect or indi-
rect value by lead timeHowever, traditionally organizations are focused the re-
source efficiency, on the best possible utilizawbmesources and getting low unit costs
by economics of scale. The resource efficiency lwaralculated byividing resource
usage per periadModig & Ahlstrém 2013, p. 9-19.)

Unfortunately implementing the complete resourca #fow efficiency at the same time
is impossible due to three factors; Little’s lawtttenecks and variation in the process.
Little’s law says that lead time is work in procd¥gIP) multiplied with cycle times
(CT). When it comes to the resource efficiencyg ibetter if there are flow units waiting
to get processed, but this increases WIP and fulele times. That means that the flow
efficiency decreases. Bottlenecks are operationssettapacity is lower than the oth-
ers’ and as a consequence their capacity limitsMhele system’s capacity. Variation
leads to long lead times (and poor flow efficieneyhen utilization rate (and the re-
source efficiency) increases. Getting simultaneessurce and flow efficiency requires
zero variation, which is impossible to achieve. (p& Ahlstrom 2013, p. 47-67.)

Focusing only on good resource efficiency is a mution due to long lead times, a
large amount of WIP and the need of re-initiatidrich all cause new secondary needs.
Long lead times lead to difficult production foretiag, probable form of scrap due to
the need of working hastily when demand is haréulid and further fixing problems
caused by scrap (secondary need). Large amountPfé&&ds to a need for storage and
re-initiation causes a mental set-up time (bothosdary needs). Because secondary
needs do not produce value, they are categorizedsi®. If it takes more time and re-
sources to fulfil secondary needs than performialgeradding primary tasks, is it pos-
sible to call a resource efficiency-orientated aigation effective? This brings us back
to theLeanand why it is many times the key for improving fhexformance of process-
es -it makes operations floviModig & Ahlstrém 2013, p. 47-67.)
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Lean-philosophy tries to achieve perfection by mazing the quality experienced by
the customer, maintaining continuous flows and heerthe non-waste state. (Steven-
son 2012, p. 44-45.) If Lean is thought of as aapyd, values are in the top and the
highest abstract level. Below values are princigled methods and in the lowest ab-
stract level are tools. (Modig & Ahlstrom 2013,129). This is shown in Figure 7.

| vles

P 0N
A=,
AT,

Figure 7 Abstract levels of Lean-philosophy (adapted frondiga& Ahlstrom 2013, p.
129)

Values are placed in the deepest and the mostaabstvel in the mind and change
slowly (Elo-Parssinen 2007, p. 47). When using &slfor executing Lean-philosophy,

the goal is to try to reduce variation in peopkses of values. With principles we try to

reduce variance in the way how people think. Ppilesi have to carry out values of
Lean-philosophy. The most important principles ofdta are Just-In-Time (JIT). Only

by changing values of people and the way how thanktcan lead to permanent chang-
es. Methods (like jidoka) are standardized opegatnodels that enable the best imple-
mentations of principles in practice. Lean-tools wisible, tactical and operating parts
of the Lean-system. (Modig & Ahlstrém 2013, p. 1238.)

2.5 Managing Material Flows by Using Lean-Philosoph vy

Processes consist of material flows and informatlionws but in a supply chain process
a third flow can be identified - the cost flow. Haeping them to flow Lean-philosophy
tries to reduce waste from them. Waste, in Jagafmesda”, is like a rock in a sleigh. It
does not produce value or help the process to dewatd progress. Instead, it makes
processes heavier than they actually would be. elTlage eight categories of waste:
transporting, inventory, moving, waiting, over-pegsing, over-production, defects and
wasted skills. These all affect also the efficiemfymaterial flow. Transporting and
moving are useless for material processing. Stackss a buffer but tie up great capital
and may hide defects. In addition, it lengthensttial lead time (waiting), takes up
space and causes waiting for raw materials andupted(Xinyu & Jian 2009.) Over-
processing is one source of scrap if sufficientliqués tough to be deficient. It also
means that production is not based on demand.dB&tBoeder 2003, p. 100.)
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In an ideal situation raw materials flow continulyusithout interruptions through the
process for end-products, ready to be suppliechéoexternal customer. This is too
much to implement at once so at first a place tw$o called the pacemaker, is needed.
It is the most important process where a produaddhe final form for the customer.
Ideally, the pacemaker sends demand signals upsireshe flow to other production
processes which respond to requirements smoottlyfast. The pace is defined as a
takt time - the rate at which customers requiresfiad units. (Rother & Harris 2008, p.
1-12))

In the area of material flows Lean-philosophy regsismall batch sizes, a pull-
production control system, standard work and jidd&a@tch sizes should be as small as
possible. The ideal Lean-system would only use maee flow and manufacturing is
based on demand only. (Yamagar & Ravanan 2010.)puUHeystem is opposite to the
common push-system and it assumes that signakseafsrmove upstream. Kanban is at
the core of pull production and it improves flekiyi in responding to customer de-
mand, simplifies the procurement process, uncowatden waste in processes and
eliminates unnecessary paperwork. (Burton & Bo@&3, p. 120-122.)

2.6 Managing Information Flows by Using Lean-Philos  ophy

The right information, in the right place and a tight time is necessary to reduce er-
rors, maintain quality and add value to the neseérimal or external customer. As men-
tioned before, in a process-orientated organizasiganizational limits have to be bro-

ken. This also applies to information sharing. Hioray information in departments or

optimizing it partially does not serve the commaalgof the organization.

Correct information routes make the informationikade when it is needed and sup-
port fast decision making and problem solving. “saeeas” should be eliminated to
ensure efficient operations. Traditional organmatilepartments often take responsibil-
ity for their own operations only and forget thia¢y have to work to fulfil the common
external customer’s needs. A typical example isitiherface between manufacturing
and R&D departments when a new product is beingpdoiced. Many studies have
shown that cooperation, regular feedback and ntéraction between these two parties
will lead to many benefits; better matches betwaemw product and product capabili-
ties, reduced manufacturing costs, improved quality shorter time to market. In addi-
tion to manufacturing and R&D the third functioengces, should also be included in
cooperation. Creating conditions for integrated Weolge-based approaches across
functions gives value for the entire firm. (Olauss$Berggren 2012.)

According to Lean-philosophy information should reaffectively upstream. Especial-
ly when people express frustration they should derdh Routine information can simp-
ly be collected from downstream with the help oédhsheets and pre-designed forms,
but more complex information needs bringing a pefsom downstream to upstream to
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the redesign project. In this way information cordeectly from the source. Relevant
information should also be shared widely once itvsilable. Pledging information

leads to mistakes, rework and scrap. It should bsaemembered that when infor-
mation moves from person to another a broken-pleffeet is always a possible source
of error. The more handoffs there are, the bighgerdpportunity for errors. (Madison

2005, p. 264-265.)

Bullwhip or Forrester effect is a major source atertainty for enterprise. The further
away the demand is diverted from the customerhitjeer the frequency of the demand
is. This may cause hurry to fountainhead of theopBuphain even the customer demand
in another end of the chain is not significantlgreaased. Typical reasons are chain
structure (for instance not integrated softwareveeh customer and supplier), unrelia-
ble production system (long lead times), inaccufatecasts, promotional pricing or
manipulation of information. The uncertainty rethte the bullwhip-effect can be con-
trolled by cooperation and transparent informasbaring. (Heikkila & Ketokivi 2005,

p. 118-119.)

Visual control is the most important control medsanof Lean-production. It focuses
on the process and makes comparing between thentyrerformance and the desired
one easy and clear. Visuals (like charts) enableagers to focus on good points in
discipline and attach it to the processes. Eveoggss should have its own visual con-
trol(s), which show if the process has been peréatmvhen it has been performed and
by whom. Core processes and desired activitiesrdete the type of visual control.
(Mann 2010, p. 53-74.) For example when achievirg dlosed-loop system, we can
view used, wasted and recycled materials (in kdots, euros or percentage) per team
or per line set. Visual control connects peopléhir processes and makes everyone to
take responsibility due to the fact that nothing ba hidden (Mann 2010, p. 77). If for
example the scrap percentage per team is visibl®ne can hide the truth and on the
other hand people become aware how they are perfgrm

People should have enough standardized informdion activities should be done or
there will be high variation in output or result$is is because all people are following
the same process in a different way. This will léadjuality problems, scrap and in-
creasing need for traditional checks and revieWmadison 2005, p. 262, 266.) Also
creating a learning organization requires standacdwork because the link between
the work and the result has to be clear. Withoatlithk it becomes unclear which ac-
tivity brings along desired results. (Spear & Bovi&99.)

2.7 The Concept of a Closed-Loop System

Like all big changes and Lean-philosophy, alsoitgihe enterprise green and towards
a closed-loop system starts from the top of thawiation and so does the vision of the
desired future state. It is a process that requfiest from all departments. It is like a
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chain - if one link in the chain fails, the wholkain breaks. That makes the process-
orientated organization and good integration betwsme operations topical. Because
the closed-loop system is a strategy and a chabteden many options, it requires a
long-term commitment. On the other hand it can heaositive effect on competitive
success, because it is difficult to replicate (lseaof long developing time and social
complexity). (Heikkila & Ketokivi 2005, p. 29-32.)

Every material and information flows have to betedrout from an overall level to a
detailed level (Wills 2009, p. 6). Measuring thareat performance and finding and
eliminating all leakages where material turns frawalue adding source to waste, is the
first step, but creating conditions under which thesed-loop cycle is possible, is even
more important. Figure 8 below shows a traditidimaar value chain and a closed-loop
value chain.

Linear value chain Closed loop value chain
- o = = -
4 \
Materials h;anu!act:;l: [
saurcing = Logistics waste
i and auxiliary

.1 products reuse
= | :

Manufacturing
waste
Raw materials

Logistics ‘
waste \

Limited recycling

Packaging
waste

Consumption/

use waste 4 Product and

y L by-product reuse

Product

Figure 8 A linear and closed loop value chain models (Hugteal. 2010)

Green values are becoming more and more substanrtt/éhe greening of manufactur-
ing is a phenomenon. Like Lean, also “going grdana closed-loop system has similar
type of economic and business benefits: cost sayimgreased customer loyalty and
attraction, increased employee attraction, abibtgrow, innovation and new technolo-
gies and increased profit and shareholder valust €avings are a direct result of cut-
ting waste. It is not only material costs whichlwdduce, also the landfill payment and
other indirect costs (such as labour cost of hagdiaste) will drop. Increased custom-
er loyalty and attraction is also a valuable reddtiwadays when global competition is
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a norm, in addition to attracting new customers largéking into new markets, it can be
hard keeping the markets share and the customedready have. When legislation

and directives are pushing and media and marketsisgcting us to consider environ-

mental issues in operations, going green and gjayieen can be a valuable competi-
tive advantage. Businesses that do not adopt g&ees take the risk of being left be-
hind by competitors who do, or will be forced byvgming agencies and legislation to
go green. (Wills 2009, p. xvi-xvii.)

Studies have shown that employees also want a acgyripat cares about how it im-
pacts on or contributes to society. Ability to gromeans that the money which was
spent before on the production of waste may alfterelimination of waste be used for
new investments and increasing business. It alsmmdecreasing dependence on lim-
ited natural resources, like oil. Innovation andelepment of new green technologies
can give direct environmental and cost savingsiaagkase productivity, reduces lead
times, increase capacity and increased profit ahgevior the customer. (Wills 2009, p.
XViii-xxi.)

A closed-loop system requires integration with pyas steps in the value chain. In the
case of extrusion this means that plastic raw nadsefrom the supplier have to be re-
cyclable and easy to process with a low scrap ldatdgration mechanisms depend on
the level of coordinated operations. Overall, tloeyn be divided into three groups;
structural (based on organization structure), fionetl (approaches and principles) and
strategic mechanisms. (Heikkila & Ketokivi 2005,176-195.)

2.8 Involving Employees

In addition to material and information flows, @®td-loop system consists of operators
who are working inside the process (in the casextfusion profile manufacturers).
Involving people is the most challenging part ofahephilosophy. It is still worth it,
because without changing the scheme of thinking,résults of the process will not
change (Burton & Boeder 2003, p. 14).

In the process organization the decision makinig fal lower levels of the hierarchy
because usually people who really are working watks have the best improvement
ideas about those. The managers’ task is to enisateevery important task in the or-
ganization will be done. Their role is also to urstiend and analyse the process, give
feedback to the process owner, establish the pscaed improve it under the strategy.
(Laamanen 2002, p. 119-126; Madison 2005, p. 26think the relationship between
an organization and employees can be well sumnthbyethe following statement by
Marten Mickos (Lappalainen 2015);
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”A modern organization is like a school of fish, rgpi@g at great precision through
subtle coordination of vast numbers of essentiafjyal members. The organization is
led from the front, centre, back and sides. A comnision and common values keep
the group together. The group is powerful, effectand protected. Everyone has a
voice. All are needed; no one is irreplaceable.”

The performance of the organization basically oaggs from human behaviour. To be
able to achieve a high performance two things beconportant. competence (tech-
nical skills and social skills to work in team) ambtivation. (Lawrence 2014.) One
way to define competence or know-how is to definasi a possibility to succeed in a
specific task. The more skills you have at certasks, the more likely it is that you
know how to do it best. (Laamanen 2002, p. 179l¢rita are the most gifted employees
who have given a lot to the organization. Talerts be very valuable to an organiza-
tion and talent management that is connected tetthgegy is crucial for most of corpo-
rations’ business operations. (Lumme-Tuomala 20®dvation is also important. In
Toyota where the organization’s performance leséligh people are not only motivat-
ed to personal success but also to the succese dbéam and the company. Overall,
there is not just one source of motivation and mtiinygs reinforce or weaken our be-
haviour at same time. (Lawrence 2014.)

A genuine commitment to changes can only come tirgersonal experience and abil-
ity to influence and this should also be taken ouaasideration while turning the organ-
ization towards the closed-loop system. Emotiofecathe actions of people, at least as
much as rational thinking, whether we wanted or. Boiefings are usually not suffi-
cient and people need to realize and experientiesahand the benefits brought about
by a change. It should still be accepted that thisteally always is resistance to change
and a quick start is more important than the pursuopponents. They should be lis-
tened to and their opinions respected but aftemalhagers have the responsibility for
change. (Laamanen 2002, p. 256-270.)

By building payroll and other reward systems thatoeirage the performance of desired
activities, important operations can be underpinfigchmanen 2002, p. 140). The im-
portant point in Lean-philosophy is that people moé paid for their time; they are paid
for the value they have created for the customleat Thakes people in the organization
focus on pleasing the customer, when they feel ttiatcustomers pay their salary. In
this way the whole organization’s value system rragpsform from protective to pro-
ductive. (Hammer & Champy 1993, p. 73-74.)



3. EXTRUSION AND RECYLING OF PLASTIC

Extrusion is a continuous process that works bgifgr melted polymer through a die
under controlled conditions produces profiles withform shape and density. The rea-
son why so many basic things have been gone thrsutffata closed-loop system in
the extrusion environment requires perfect contfchll materials and equipmernthat
makes the knowledge of both crucial in the vieweasfucing scrap, reusing regrind and
a closed-loop system.

3.1 Process Steps of Extrusion

The limits of the plastic extrusion process arertdeeiving of polymer raw material and
the shipping of the finished profile or pipe (ohet in a dimensional direction uniform
product) to the customer. All the process stepsvahio Figure 9 have to be correctly
performed to ensure products that meet specificatand to prevent formation of non-
planned scrap.

1. Polymer received 5. Puller: dimensional control 9. (Secondary operation)

2. Material blended with additive 6. Solidification and cooling 10. Inspect

3. (Polymer dried) 7. Shaped and drawn 11. Package

4. Polymer fed to extruder 8. Extrusion 12. Ship

Figure 9 Schematic of a basic plastic extrusion processindrand secondary opera-
tions are optional (Giles et al. 2005, p. 1)

Some basic things should be remembered when reglgcrap in extrusion steps. To

prevent product cross-contamination all storagessiiryers, surge hoppers and extrud-
er hoppers must be properly cleaned when raw nahierthem is changed to another

(steps 1-4). In order to produce uniform productd eeduce scrap, it should be noted
that when mixing pellets and powder, powder caw flietween the pellets and cause
variation of the composition over time (at the Imegng of the run more powder and at
the end of run more pellets). (Giles et al. 2005445.) This same effect can happen
with regrind and powder, so feeding from differés#ders to the same throat is recom-
mended.

Hydroscopic materials and materials stored in d ea@rehouse that are brought into a
warm environment require drying to avoid condemsatf moisture on the surface of
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the pellets, flake or powder. Drying temperaturd ime should always be determined
and tested to avoid over-drying or degradatiorata high temperature. Measuring the
moisture content, especially with PC and ABS, seaesial. Incorrect drying can lead to
many material problems and decrease the qualithefinal product. Splays, bubbles
and foamy products are common problems. (Giles 085, p. 208.)

Before starting-up the production line, the staddaperations (SOP) should be com-
pared with previous run records to find out if #nés something to be taken into ac-
count. Also verifying that all equipment is funating properly is a basic thing to do.
After the extruder has been running for a few mesutletermining if the product meets
specifications (by taking samples) helps to imprtheeprocess and reduce scrap. (Giles
et al. 2005, p. 67-68.)

In the extruder polymer material is conveyed frdra teeding zone, through the com-
pression zone and homogenization zone to the wlithd screw material is melted and
mixed. Melting happens due to external and inteemargy (see Figure 10). External
heat consists of electricity or heated fluids alegsof the barrel. However, internal heat-
ing is the primary way to melt resin (80-100 % loé heating energy) and it consists of
friction and molecular relaxations. (Giles et @03, p. 3; Hanhi et al. 1999.) There are
three types of mixing operations in extruders: lardinal mixing or coarse mixing,
dispersive mixing or continuation of the disperbage and radial mixing or distributive
mixing (Subramanian 2011, p. 89).

Channel Flight Flight load

-
~
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Barrel t

Figure 10 Melting of flow in the cylinder (Hanhi et al. 1999

When moving forward in the screw, polymer chains @ixed and non-orientated but
when polymer comes to the die, chains have toypartentate. When extruded profile
exits the die, polymer chains relax and swell. Agruis needed to orientate and shrink
them to the desired shape. The draw depends oputlee speed and the extruder out-
put. There is only one optimal puller speed in @egithroughput rate and die cross-
sectional area. (Giles et al. 2005, p. 8.)

Solidification and cooling after the die are usyallone with water and air. Semi-
crystalline polymers have a solidification temperat(for crystalline areas) and amor-
phous polymers have a glass transition temperatundich they transform from leath-
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er-like or soft to solid. Uniform cooling is a ¢ciél step to produce desired dimensions,
warpage-free parts and acceptable performance. Béthi-crystalline polymers the
right cooling rate is needed to produce the righbant and size crystals. (Giles et al.
2005, p. 9-10.)

As already mentioned, puller and throughput raterdene the dimensions of the pro-
file. Puller pressure has to be high enough to gmesglippage of the profile and at the
same time low enough to prevent crushing the prio@lippages lead to variation in the
pulling rate and again changes in dimensions. §Giteal. 2005, p. 11.)

Finally cutting and other optional secondary operet like decoration are done. Inspec-
tion can be manual or automated by a video cameother method. Packing can also
be manual or with large batches automated. (Gilas 2005, p. 3; Hanhi et al. 1999.)

In every batch a few samples should be stored.eTbasiples are useful in the event of
a customer complaint. They act as a test piececangbarison copies and help to solve
problems or errors present in customer’s pieceeg@t al. 2005, p. 11)

3.2 Extrusion Equipment

The screw is the most important part of the extrizatel basic screw nomenclatures are
shown in Figure 11. The screw transports mateoiavérd, contributes to the heating of
the polymer and homogenizes the material. (Rauvwadriz{sl4, p. 70.) It also pressuriz-
es the material, so that it is able to push thrahghdie (Hanhi et al. 1999). Length per
diameter ratio of the screw, L/D, is directly cootesl to the extruder throughput. It can
be calculated by dividing the length of screw fridight to flight by outside diameter of
the screw. When L/D increases, also melting andingixapacities increase and al-
lowed run rates grow. Throughput increases expaBntvhen the single screw di-
ameter increases. Shorter L/D extruders instead loaver initial investment cost, less
residence time in the extruder when processing ¢éeatpre-sensitive materials and re-
quire less torque. (Giles et al. 2005, p. 13-14.)
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Figure 11 Definition of screw elements (Hanhi et al. 1999)

The wear of the screw has a significant effectl@dquality of products because it in-
creases melt temperatures. The level of negatieetefdepends on the amount of com-
bined wear (barrel and screw), viscosity of theypwr, head pressure and screw speed.
Just 0.508 mm wear in the screw diameter will redoctput rate by circa 10 %. Be-
cause of the strong correlation between wear, tyuahd output rate, measuring and
monitoring the wear of screws and barrels is ingrdrivith regards to scrap and finan-
cial issues. (Steward 2015.)

Single screw extruders are most widely used andnibe& important type of extruders in
the polymer industry. A single screw extruder haly @ne compression stage but three
distinct geometrical sections. These sections laogvs in Figure 12. The first section
right after hopper is called the feed section didsaconveying zone. This section usual-
ly has deep flights and material is still mostlyansolid state. The second section is
called the compression or transition zone. Usuakyheight of the screw flight reduces
in a linear fashion thus causing a compressiomefmaterial in the screw channel. In
the third section, the metering zone, just befbeedie, flights are shallow and material
is in a molten state. (Rauwendaal 2014, p. 13.)

Screw
Band heaters Extrudate

conveying zone Transition zone Metering
(Comp action) (Melting) zone (Pumping)

Figure 12 Single screw extruder (Hanhi et al. 1999)
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Twin screw extruders are extruders with two Arcldeen screws but there is an enor-
mous variety of different types, which differ bysilgn and in other properties. Twin
screw extruders can be divided by geometric cordigon into five different classes.
Intermeshing extruders have two different typesratating (rotate in same direction)
and counter-rotating (rotate in different direcpnextruders. Furthermore, non-
intermeshing extruders have three different typesunter-rotating extruders, co-
rotating extruders and co-axial extruders. Twirescextruders are mainly used with
thermally sensitive materials (like PVC-R) and pesiality polymer processing opera-
tions like compounding. They have better feedind eonveying properties for difficult
feeding materials (like powders). (Rauwendaal 2@124-25, 697-699.)

In the extruder, before the die, there is oftememker plate. It is a thick metal disk with
many holes parallel to the screw axis. A breakateplorces the polymer melt to flow in
a straight-line fashion and prevents the spirallimgtion that may cause extruded pro-
file distortion. (Rauwendaal 2014, p. 72.) It ajgovides a controlled amount of back
pressure (Hanhi et al. 1991). Another reason forgua breaker plate is that it improves
heat transfer between the metal and the melt wineéat transfer distance is reduced.
This leads to better thermal homogeneity of theymper melt. (Rauwendaal 2014, p.
72.)

In the cases when the extruder barrel does nothmadowith the entry opening of the
die, an adaptor is used between them. In the digneo flow adopts the shape of the
flow channel. Pushing the polymer through it regsipressure due to the die’s re-
sistance to the flow. The die’s flow surfaces hawvéde smooth and usually heated to
avoid the material sticking on. The pressure indigeis called the die head pressure. It
is caused by the die and flow process, not by xtreider. It is a sum of the temperature
of melted polymer, flow rate, rheological propested polymer and the shape of the die.
When polymer leaves the die, its shape is corredptmthe cross-sectional shape of the
final portion of the die flow channel. (Rauwendaéiti4, p. 15-16, 72.) However, die
swell complicates die design because the swellefilgis greater than the orifice from
which it came. (Hanhi et al. 1999.) This can bensad-igure 13.

T ) T

X ¥ z
Required Geometrically square  Comect die form fo
saction die gives barrel effect praduce 2 geomistrically

correct shape

Figure 13 Effect of die geometry (Hanhi et al. 1999)

The plastic output from the die is an equation mafgdflow, pressure flow and leakage
flow (see Figure 14). The drag flow moves out frthra extruder but the pressure flow
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(generated by the die pressure or the head pr@dsuces the material backward into
the metering zones. (Giles et al. 2005, p. 22.)

Output Direction

Barrel Wall Barrel Wall Barrel Wall
Screw Root Screw Root Screw Root
Drag Flow - Pressure Flow = Throughput

Figure 14 Plastic throughput profiles from the die (Gilesa&t2005, p. 22)

Cooling is a difficult part of the extrusion proseand a necessary evil because any
amount of extruder cooling reduces the energy iefficy of the process. Air cooling
and fluid cooling are the two most common methddsooling. Singly used air cooling

is not usually intensive enough but useful becahsechange in temperature occurs
gradually. Water cooling is much more intense bgbhstitutes a non-linear effect and
it is more difficult to properly control. (Rauweral&014, p. 79.)

3.3 Plastic Materials

A good knowledge of used extrusion materials isqpal to being able to make con-
sistent decisions, finding corrective actions wheoblems occur and developing a bet-
ter output from the extrusion process. Moleculaight (g/mol) and the degree of

polymerization describe the length of polymer cednt because all polymer chains do
not grow to the same length (polydispersity) anerehis a distribution of molecular

weights, the average molecular weight is used.

High molecular weight polymers have higher crystdll, better impact and wear re-
sistance, high deflection temperature and bettesstcrack resistance. They can also be
harder to process. Polydispersity index and anagemolecular weight are directly
related to the melt flow properties. Furthermoheytaffect the processing performance,
like the extrusion output rate and pressure. Tleeease in the length of molecule also
raises the resistance to the flow. Changes in tbkecular weight distribution may
cause extrusion problems because variations imtilecular weight distribution affect
the temperature dependence of melt elasticity. rg@nénian 2011, p. 11-12.)

Rheological properties, especially viscosity, (of the polymer determine its behaviour
during processing. When the temperature incredlesyiscosity of polymers (and all
liquids) decreases. This effect is usually strongiéih amorphous polymers than partly
crystalline polymers. Instead, increasing pressuliealso increase viscosity. Because
of this care should be taken when processing patyriecause it may have a huge im-
pact especially with amorphous polymers which aceensensitive to pressure changes.
(Syrjala 2013, p. 2-10.)
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Melt flow index (MFI) is determined as mass flowdhgh capillary (g/10 min). The
higher the melt index, the lower the viscosity bé tpolymer. (Syrjala 2013, p. 18.)
Studies have shown that several commercial polyo(eifferent grades of polypropyl-
ene, high density polyethylene and low density ethlylene) with lower MFI have
higher thermal stability due to the higher activatenergy needed for thermal degrada-
tion. MFI depends on the resin’s average molecwight, polydispersity index and
branching characteristics like the degree of brangci{Abbas-Abadi et al. 2012.)

In addition to previously mentioned rheological pedies, plastic materials also under-
go different and complicated other thermo-mechanicacesses during heating and
cooling. Semi-crystalline plastics have a phasesiteon during temperature changes.
Below glass transition temperature,XThe amorphous part behave glassily and above it
the amorphous part of the polymer comes rubbetgaiher like. Crystalline polymers
do not have a glass transition temperature and mhelting temperature is usually high-
er due to more energy being needed to melt thetstes Polymers with a high degree
of crystallinity tend to be brittle because of tlveak crystal-crystal interface. (Subra-
manian 2011, p. 13.)

The most common extruded plastic materials arel@atyile butadiene styrene (ABS),
polycarbonate (PC), polyethylene (PE), polymethgitimacrylate (PMMA), polystyrene
(PS) and polyvinylchloride (PVC). ABS is a copolynad acrylonitrile, butadiene and
styrene. With high butadiene concentration the ichgérength is good and with high
styrene concentration manufacturability becomegea#/ith high acrylonitrile concen-
tration chemical resistance and hardness are b@gies et al. 2005, p. 207-208.) ABS
is usually filled with rubber particles or rigidarganic particles, such as calcium car-
bonate, kaolin and glass bead and talcum powddgrd-reduce production costs and at
the same time enhance tensile strength, impachtass and stiffness. (Subramanian
2011, p. 22.) ABS is mildly hygroscopic and pelleted careful drying before pro-
cessing. The absorption rate depends on the rel&tnnidity of the air, pellet size,
temperature, time and the ratio of monomers. Rdgaimd pellets need longer drying
time than powder due to the longer diffusion batHarge size particles. (Giles et al.
2005, p. 207-208.)

PC is an amorphous polymer with outstanding oppcaperties. It is also attractive due
to its impact resistance and good strength at tddvimperatures. PC also possesses
good dimensional stability. It has some limitatidike poor scratch resistance and sus-
ceptibility to bubbles at elevated temperaturesib(@manian 2011, p. 28.) Polycar-
bonate requires drying as moisture leads to a hyslsoreaction in the extruder which
causes polymer backbone breaking, lowering of tbéecular weight and reducing im-
pact properties. Acceptable moisture content i2%.0Giles et al. 2005, p. 214.)

PE’s molecular weight and crystallinity (and funtlteensity) determines the properties
and performance of the resin. It has three maim$otow density (LDPE), high density
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(HDPE) and linear low density polyethylene (LLDPEYhen the density decreases,
environmental stress cracking resistance increa$esever, it has many advantages;
inexpensive nature, chemical-, electrical- and wadsistance. LDPE is soft, flexible

and unbreakable while semi crystalline HDPE is @grdtiffer and it combines low

cost, excellent manufacturability and good tougkngSubramanian 2011, p. 14-16.)

PMMA is a transparent polymer. It has good mectanicoperties and a low weight
but also a brittle nature. (Subramanian 2011, 222 Drying of PMMA before extrud-
ing is important because of the hydroscopic natfréhe resin (if the resin is not
shipped in moisture-proof containers). Inadequayend may lead to splays on the sur-
face, foamy structure and internal bubbles. A tmg lemperature may lead to soften-
ing of the amorphous resin, allowing the pelletsstick together and become a solid
mass in the dryer. (Giles at al. 2005, p. 212-2A89r processing, PMMA needs care-
ful cooling to prevent distortion (Subramanian 204.123).

PP is a semi crystalline low-cost resin which isilgacompounded with fillers and rein-
forcement. It has a high heat distortion tempeeatumd offers excellent chemical re-
sistance, environmental stress cracking resistandesurface hardness. (Subramanian
2011, p. 16-17.) PP does not absorb moisture aed dot require drying unless the
resin has been stored in a cold warehouse and ntovedhot environment (Giles et al.
2005, p. 213).

PS has two main forms; a transparency general B&mampaque (due to rubber modi-
fication) high impact polystyrene HIPS. PS hasitlbmature because of its structure.
PS has excellent flow characteristic and HIPS retteb melt strength and easy pro-
cessing properties. Both have low shrinkage vaiuiéls a high dimensional stability
during moulding. Polystyrene is not hydroscopid does not require drying if the raw
material is stored in a warm warehouse. (Giles. &5, p. 215)

PVC is an amorphous resin which can be divided twitn groups depending on plasti-
cizer condition; un-plasticized rigid PVC (PVC-Wdplasticized flexible PVC (PVC-
P) (Giles et al. 2005, p. 216). Generally PVC angiparent with a bluish tint. It has out-
standing chemical and high abrasion resistancet imitattacked by many organic sol-
vents. (Subramanian 2011, p. 18-19.) PVC has smgmif advantages in applications
where energy efficiency and a low thermal condifgtiare needed. This is why it is
widely used in window profiles because it has thiigees better heat insulation effi-
ciency than aluminium profiles. (VinylPlus 2015 h& weakness of PVC is its thermal
stability, which leads to the requirement to usertial stabilizers. PVC has a risk of
degrading if processing temperatures are high atldere is empty space within the
extruder, die or adapters where the resin can atagithe risk of degrading increases
over long runs. The result is initially dark streadnd may lead to total degradation and
a dark useless material. (Giles et al. 2005, p.)216
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3.4 Troubleshooting in Extrusion

Extrusion problems can have huge financial impadtech make systematic trouble-
shooting perhaps the most important topic in exdrusDown-times and off-quality
products are indispensable to a quick diagnosisnwérusion develops a problem.
(Rauwendaal 2014, p. 763.) In order to be ablel¢ntify root causes and institute cor-
rective actions, it is necessary to understand bwhmaterials and the equipment and
how they interact with each other. In other worgs) have to know the proce¢Siles

et al. 2005, p. 251.) Also, because extrusion ibléeck box” process you have to be
sure that measured process variables are relil@btber than blindfolded actions, prob-
lems should be solved with analytical methods. Thiuires a good instrumentation
because without it troubleshooting is a guessingegat best. (Rauwendaal 2014, p.
763.) Usually problems consist of many root caused according to Burton and
Boeder (2003, p. 15) can be determined by usindolleving formula:

Problem =f (Root Causes)

Fixing one extrusion problem requires eliminatitigraot causes and that makes prob-
lem solving complicated. If the problem gets snradlegoes entirely away, it is an indi-

cator that the right root cause has been addregsmmbrding to Spear and Bowen

(1999) using the Socrates method of iterative goisty and problem solving can help

with making corrective actions;

e “How do you do this correction?”

e “How do you know you are doing this correction castly?”

*  “How do you know that the outcome does not causepreblems?”
*  “What do you do if you have a new problem?”

The importance of instrumentation cannot be overemsed and without it problem
solving may become very costly. Other prerequisites a good understanding of the
process, collecting and analysing historical diam building, good information of the
equipment conditions and good information of thedi&ock. Team building is im-
portant because many extrusion problems are congridxsolving them requires input
from different departments (maintenance, engingeparchasing etc.). Construction of
a timeline, which includes previous processing imfation from the extruder (tempera-
tures, pressures, motor load, line speed, barne¢ésions, screw dimensions etc.), in-
formation from the raw material and other variaples good tool for solving problems
under current conditions. It helps in comparingrent conditions to previous ones and
facilitates identifying what changes in conditiamsset the process. In Figure 15 is an
example of the timeline. (Rauwendaal 2014, p. 7637
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November 1999
New extruder mnstalled 11-28-99

Resin lot 12-01-99 December 1999
Resin lot 01-12-00 < Replaced brushed on DC metor 01-22-00 January 2000
Replaced die heater and thermocouples 01-27-00
Replaced oil in gearbox 02-15-00 February 2000
Power outgate 02-26-00
Replaced temperature sensor m water line 03-16-00 < New extruder operator John Haynes 03-03-00 March 2000
Resin lot 03-23-00
Changed barrel temperature profile 04-12-00 April 2000
Installed refurbished extrusion die 04-23-00
Replaced desiccant m dryer 05-02-00 Replaced gearpump 05-09-00 May 2000

Resin lot 05-24-00 Miked screw and barrel 05-29-00

June 2000

| Gel problem 06-05-00 |

Figure 15 The timeline collects historical data and leads topthe current problem
(adapted from Rauwendaal 2014, p. 766)

According to Mann (2010, p. 164) every problem savprocess, no matter whether it
iIs a mechanical extrusion problem or a product lerab should follow the following
format:

Identify and define the problem

Quarantine the problem and take other immediateedial actions
Involve the appropriate, knowledgeable people

Conduct the root cause analysis

Identify root cause solutions, asses them andhespreferred alternative
Implement the root cause solution

Monitor and revise the solution as indicated byfpenance data

No obhwbdRE

When an extrusion problem occurs, the worst satuigotrying something without a
valid reason. The next worst approach is “gut feglithat is based on experience or
something that has been done or seen previousheti#®r approach is to ask a fellow
employee if she/he has had a similar problem befidre best way is to use scientifical-
ly surveyed sources. The appendices A-C show sdrtfeeanost common mechanical
extrusion problems, product problems and profild pipe problems, possible causes
and corrective actions. One should bear in mintlwieen making any changes it takes
time to reach from extrusion line to equilibriurhal change does not have an effect, it
is recommended to go back to the beginning befbamging a new variable. Samples
should be taken from each processing condition gdao determine the best direction
to take for future process changes. Systematic entation is extremely important
and every line needs its own log book. (Giles e2@05, p. 221-225.)
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3.5 Scrap in Extrusion Process

When comparing the benefits of reducing scrap nater reusing regrind, it is obvious
that prevention of scrap is the primary options leconomically profitable because with
plastic products, materials costs may cover ovédr dfathe price of the end-product.
“Producing waste” consumes energy and increasewdhle contribution to processing.
Taking into account waste management taxes, whaohbe hundreds of euros per ton,
there is no question what is the best choice ecaradim

There are four main sources of pre-consumer scegprial: start-up material when the
extrusion process has been brought to equilibreimi-down material when the run is
finished, products that do not meet customer spatibns and scrap generated by er-
rors in the extrusion process. (Giles et al. 2Q05523.) Problems in any previously
mentioned extrusion equipment or materials may seuace of scrap. Because of start-
ups and shut-downs it is critical to use efficieltange-over methods (Rauwendaal
2010).

Analysing scrap in the production starts simplynbgasuring it and continues by com-
paring it to industry standards (Rauwendaal 2088 rt-up material is tricky to elimi-
nate due to the nature of the extrusion procesakédts time to pull material through the
machine and find the equilibrium. Also shut-downten@l is difficult to eliminate in
change-overs if colour, material or cross-sectiahialensions change. However, with
the right procedures both can be significantly dased. Scrap material caused by errors
in the run and from out-of-specifications produots the other hand are unnatural
sources of scrap. Many of them have been discussprevious chapters and will not
be mentioned in this chapter. Due to material bestg the largest cost factor in most
extruded commaodity products, huge cost savingpassible (Rauwendaal 2010).

Reducing scrap material starts from controlling pinecess (Rauwendaal 2014, p. 85).
Standardized work and good practices in start-typs-downs and change-overs can
reduce time and lost money. There is no universat-sap or shut-down procedures
(Frankland 2011). When starting a run everythingdseto be prepared before putting
any material inside the extruder and this shoulthbgocus of the attention. Also when
shutting down the run, everything should be dontasisas possible to minimize waste
of material.

Foam extrusion is a way to make lighter products meduce material costs. It should
still be remembered that it requires a substateigtinical expertise and process know-
how. The development work can take years and reaifort and money to achieve a
stable extrusion process with quality products.sTieiwhy the foam product process
will not always pay for itself. (Rauwendaal 2014,/63.)
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3.6 Using Recycled Plastic Materials

Many drivers push the use of recycled plastic nelteand making this possible is also
the most important part of a closed-loop systens ttue that the main drivers of mar-
ket pressures are customers and competitors. Tmdtve environment also creates
new pressures and opportunities for enterprisackSét al. 2001, p. 76.) Recycling can
be a strategy and create competitive advantagesnstance Veka, the world’s largest
producer of PVC-U windows, have used this stragftgr Germany changed its legisla-
tion regarding landfill waste. Customers regardesl recycling of end-life-products as
valuable, Veka gained a sustainable source of chrediprials and insulated itself from
the oscillating price of new plastic. (Slack et2001, p. 77.)

Plastic waste can be divided by formation type imto categories; pre-consumer and
post-consumer waste. With PVC, pre-consumer wasters about 12 % of the total

volume of the PVC waste (in the EU). Post-consuweste covers the larger percent-
age, about 88 %. Recycling of pre-consumer PVC-avisbetter due to the lower col-
lection and processing costs and 85 % of pre-coaswmaste goes to recycling. The
post-consumer waste recycling rate is much lowely oirca 3 %. (Brown et al. 2000,

p. iii.) In Finland about 57 % of PVC waste is pieiged and 43 % is rigid form (Poro-

pudas 2011, p. 3).

Recycling of PVC waste became topical in the bagmmof year 2016. It has been de-
fined in the Finnish Waste Law’s Act 331/2013 théter 1.1.2016 organic and biode-
gradable waste with a concentration of carbon afentivkan 15 % (according to the total
amount of carbon or the loss of ignition) is fodea to be placed in the landfill. (Gov-
ernment Decree on the landfill of waste 331/201885 New legislation complicates
post-production waste management. Still, elimirgaal PVC-waste is almost impossi-
ble due to the nature of the process. Also recgciith PVC-scrap may be difficult to
implement partly due to the large size of the scFap instance start-up waste may be
too large-sized for grinding. (Window Industrie030

The economics of the recycling process is givethénfollowing equation (Brown et al.
2000, p. 17):

Net costs of recycling = Gross costs of recyclingcome from sale of recycled materi-
al or Value of recycled raw material when used fiaduction

Gross costs of recycling = Mobilization costs + Pegsing costs

With pre-consumer waste the role of mobilizatiorsteois smaller than with post-
consumer waste because there are large quantitiescyclable materials available.
Processing costs are also smaller with pre-conswaste because usually there is no
need for washing or cleaning and the batches aowotaly one type of plastic material.
The recycling process is profitable when grosssco$trecycling are smaller than the
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income from sale of the recycled material (the g€ recycled PVC is about 70% of
the virgin material price). (Brown et al. 2000,18.)

3.6.1 Methods

Plastic recycling can be divided into four mainegatries shown in Table 1 below. The
primary method is mechanical recycling into produesith equivalent properties. The
secondary method is mechanical recycling into petslwith lower properties. The Ter-
tiary recycling method is chemical recycling intoemical components and quaternary
method means usually incinerator. Plastics haveoa galorific value but recycling has
been shown to save more energy than that produceddrgy recovery (also when tak-
ing into account energy used to collect, transpod re-process plastic). In theory most
thermoplastics can be recycled in the closed-lggpesn, especially in the case of pre-
consumer waste, stabilized against degradatiomglugprocessing and subsequently.
Other options are landfill (the most unwanted)use-and in the case of biodegradable
polymers recycling back to nature. (Hopewell ef8I09.)

Table 1 Terminology used in different types of plasticsyocdog and recovery
(Hopewell et al. 2009)

ASTM D5033 Definitions

Equivalent ISO 15270
Definitions

Other Equivalent Terms

Primary recycling

Mechanical recycling

Closed-laepycling

Secondary recycling Mechanical recycling Downgrgdin
Tertiary recycling Chemical recycling Feedstockyding
Quaternary recycling Energy recovery Valorization

General mechanical recycling process steps are rshovrigure 16 below. The first
stage is mobilization which includes collection amwiting of waste. The second stage is
processing and its steps are dismantling, cleasimgdding and extrusion. Dismantling
is required only when the product consist of twermre incompatible plastics or is too
big for shredding without cutting it into piece8r¢wn et al. 2000, p. 16.) The size of
the plastic item determines the size and type afpagent required. If possible, shred-
ding should be done in another building or roorminimize the noise, dust and the risk
of cross-contamination (Giles et al. 2005, p. 5&hjedding is used to reduce size and
increase the surface area enough to enable regsinge After shredding flakes are
often ready for re-processing. Another option isxtrude flakes with new stabilizers
into pellets that can be re-used. (Brown et al02@0 16.)
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Figure 16 The stages of mechanical recycling of plastic wéastiapted from Brown et
al. 2000, p. 16)

Chemical recycling is less sensitive to unsortedidy plastic waste but its big disad-
vantage is that it may consume more energy thaelatively produces. The idea of
chemical recycling is to break up polymer wast® iohemical components by heat,
chemicals and other agents. The chemicals prodcaede used in petrochemical in-
dustries. (Sadat-Shojai & Bakhshandeh 2010.)

3.6.2 Recycling of PVC

In this master’s thesis PVC is a major point okrmest due to the legislative environ-
ment. It is also the most used raw material indli®e company’s production. As stated
before, recycling of PVC becomes desirable becé@sdagh chlorine content prevents
it from being used as a source of energy in inaitoes. In addition, the possibility of
toxic dioxin and furan formation makes PVC burnuegy difficult. Separation of PVC
waste from other plastic is important because pefyts (mainly PE) have a poor com-
patibility with PVC. It is possible that the polymieas already partly degraded or even
cross-linked in the course of past heat treatmantidor service. Degradation leads to
changes in the molecular weight and distributioncWiaffect the mechanical properties
of PVC. With plasticized PVC the stabilization gstneeds to be known. Collectively,
it is important to have detailed information abB®MC scrap before using it. (Chanda &
Roy 1998, p. 975-977.)

Shear stress during mechanical recycling oftendeadhe fusion of PVC plastic parti-
cles and significant changes in the original striteetinto a network of entanglements.
This affects both physical and mechanical propert{€ombatsompop & Thongsang
2001.) Thus, PVC has a limited thermal and phabikty. Additional stabilizers may
be used to prevent dehydrochlorination and disatilom because the amount of prima-
ry stabilizers often decreases during reproces3ihg. leads to a reduction in properties
with temperature alterations and, in particularsesua diminution in mechanical prop-
erties. PVC also easily turns from yellow to brogan even black) at relatively low
temperatures. This decomposition happens whenlitiénation of hydrogen chloride
(HCI) leads to formation of one double bond andobygne sequence in the backbone
(see Figure 17). These polyenes (a mean length ce@pigated double bonds) absorb
visible light and cause colour changes. (Sadat&l@Bakhshandeh 2010.)
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Figure 17 Formation of double bonds which leads to a chaingeolour (Sadat-Shojai
& Bakhshandeh 2010)

A recommended ratio of virgin PVC and recycled Piékes depends on the desired
properties. Sombatsompop and Thongsang (2001) $tadeed this from the rheologi-
cal, morphological, mechanical and thermal properpoint of view. They found that
adding the recycled PVC into the virgin PVC resauged an increase in melt shear
stress and a decrease in MFI. The die swell ratlondt change with the PVC blend.
They also found that the higher the recycled PVa&tliog was, the greater the hardness
and density of the blends were. Also the glasssitianm temperature, the heat deflection
temperature and the degradation temperature depetide used PVC blend ratio. Sa-
dat-Shojai & Bakhshandeh 2010.)

The optimal ratio of virgin and recycled flakes deds on wanted properties. The best
ratio for getting the highest Shore hardness 21886 % recycled PVC and 20 % vir-
gin PVC (pipe PVC). This is due to the higher dgnef recycled PVC which possibly
Is associated with the degree of gelation whichuoed during compounding. The same
ratio is also good for getting the optimal impatresgth. For the best ultimate tensile
strength 20 % recycled flakes and 80 % virgin P¥@ecommended. The sample with
the higher impact strength showed ductile fracamd with lower impact strength the
sample was showing some indications of brittle tireec in Scanning Electron Micro-
scope-micrographs. The glass transition temperatececased when the amount of re-
cycled PVC flakes increased. The same effect wésdnwith the heat deflection tem-
perature and the degradation temperature. Recyldkds had greater viscosity and
lower MFI (higher shear stress) which is probaldgduse recycled PVC had more pro-
cessing time and this makes its molecular struatioee compact and dense. (Sadat-
Shojai & Bakhshandeh 2010.)

3.6.3 Common Problems When Using Recycled Plastic

Crystalline polymers lose part of their mechanpmalperties within heat aging. This is a
key phenomenon that should be taken into considerathen using recycled raw mate-
rial. This was explained in relation to PVC in fxevious chapter. Another reason for
mechanical properties failure is micro crack fornmaton the surface. This is due to
oxidation and controlled by diffusion. Heat agirande avoided (or limited) by stabi-
lizers but the amount of primary stabilizers in ofdhterial is usually low. The re-

stabilizer recipe depends on polymeric matrix typdymer morphology, structure and
type of targeted application. (Kartalis et al. 2002
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Poropudas (2011, p. 40) has listed with referenc&hte European Council of Vinyl
Manufacturers website problems regarding recycledtigs. Polyolefin, PS and PET
have been showing discoloration which is due talaton and formed double bonds
but can be corrected with stabilizers. Another faobis changes in MFI. That can be
too high (polyolefin, due to decomposition) or ttmw (polyolefin, due to cross-
linking). As noted before, Sombatsompop and Thomgg2001) also found that the
melt flow index decreases when the proportion gfinel PVC content grows. On the
other hand, Meskanen & Jarvela (2000) have shoandlkeavage of chains leads to a
decrease of melt viscosity, widening of the molacweight distribution and an in-
crease of shear thinning. These can lead to owarpancy and flashes. When MFI is
too high, a possible solution is to use procedsl&tars to prevent decompaosition or use
repairing molecules. Alternatively when MFI is ttmw, material can be mixed with
another material with higher MFI. Another solutignto use process stabilizers to pre-
vent cross-linking. (Poropudas 2011, p. 40; Theopean Council of Vinyl Manufac-
turers.)

Other problems are formation of smells, distribataf blends to lamellas and defects
on the surface of the material. Smells are duenfurities and decomposition and can
be avoided by using a vacuum during processingagsw by using process stabilizers.
Formed lamellas are due to incompatible componértiss can be solved by using
higher shear forces in the process and using cailpagdrs. Defects caused by impuri-
ties, volatiles or decomposition can be avoidedh\aibetter filter system, processing in
a vacuum or using process stabilizers. It was netetler that aging and micro-crack
formation on the surface of the material is onere®wf poorer mechanical properties
and impurities are one reason for this. This carav@ded by using a filter system.
(Poropudas 2011, p. 40; The European Council ofMWanufacturers.)

Regrind has a lower bulk density which can causblpms if regrind is used in large

ratios. Typically extrusion screws can handle ayeaof bulk densities but if it (regrind

and virgin material together) grows to 20-25 %,resibn problems probably occur.

This is due to feed-section channels having a pa@lume and if the entering mass
which depends on the bulk density varies; the dutpthe extruder becomes unstable.
The easiest solution is to use regrind with sughnatios that it has a minimal effect on
processability. Another solution is to use a higt@mpression ratio than is required for
an all-pellet feed material. This is not easy, beeahe bulk density and flow-properties
should be determined for each regrind ratio andrbgFrankland 2013.)

Due to variability in the study results and possigifficulties during processing exper-
imental work is needed before using regrind inghaduct runs. It should be made sure
that the properties of partly recycled productsameeptable. (Giles et al. 2005, p. 523.)
On the other hand Poropudas (2011, p. 88) studhles shat changes are not signifi-
cantly different (for instance the glass transitiemperature increased from 53 °C to 55
°C) and do not greatly affect the product.
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4. RESEARCH METHODS

The research was challenging because | did not lay&knowledge about internal op-

erations (production, recycling, R&D, etc.) befatarting. On the other hand this was
an advantage because the current state and itlbdment issues were able to be stud-
ied in a new light. An overall picture about thereat state was built step by step. The
research process is shown in Figure 18.

Numeral input and

0UtSpUt l?f P&QdUCtiOW Areas where attentio Chapter 3 with literature
ankey-aiagram should be paid Chapter 6, Chapter

] (possible problem . Chapter 1
A rough picture abou areas) Topics to Chapter 5
production

Participant and non-participant observation (dis@rs with employees, participant (listening) td
morning meetings)

Finishing
the master'sg
thesis

Literature -~ What a closed-loop system requires? What a suadesgiision process requires (no scrap)? Howdyacle
plastic inside the factory?

OVeE rI]ELIj?nIl‘bers 0 Buiding the current devil(cj)lg:;)::t ti(s)sues
. . Analysing theme state and its issues A
e S ir?{erv?ews that prevent the by using lterature,
Working in the P i i
g In closed-loop system interviews, and own
production observations

September October /' November December /‘ January February
Visit in the internal Presentation of rough resinits
raw material supplier Executive Committee meeting
What things affect to formation of scrap and the aisegrind ? (Prevent the closed-loop

Research Method

How found issues could be solved and
closed-loop system achieved?

Figure 18 The research process, the horizontal axis repreaséinte and increasing
knowledge

The research started by gathering input (used ralteand the share of regrind) and
output figures from the production process (prosluitte share of made regrind and the
share of waste) from the information systems ofdase company. This revealed the
extent of the scrap problem; how much scrap is éakmvhat the share of made regrind
of scrap is and how much regrind is actually ugedfirst the basic operations were
explored by working in the production. During thresearch also participating and non-
participating observation was done to get a de&pewledge of the operations. The
research process continued with interviews, anadyshem, building the current state
and its development issues and devising solutiofadtors that prevent the closed-loop
system from being completed. Literature was usedap what the closed-loop system
requires, what the successful extrusion processirejand how plastic waste can be
recycled inside the factory. During the researah uestions were continuously asked:
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* What affects the formation of scrap - how elimirstep-waste?
* What affects the use of regrind - how to increasesduegrind?

Both of these have to be true in order to be ablachieve a closed-loop system. Re-
search inside the company and the role of liteeaittiviewed closer below.

4.1 Research within the Company

The aim of the research was to find factors thaseascrap and factors that affect the
use of regrind and find new approaches to prodagctitich help to reduce the amount
of waste material and help to use it again in ttee@ss. The attempts to reduce the for-
mation of scrap in the company have not been fligcessful. New products come to
production with a high frequency and the rangeargd. This is challenging because
sometimes it takes a long time to find the righttemal, extrusion conditions and
equipment to produce products with a low scrap-gaage. At the same time formed
scrap should grind to high quality regrind and &esable. Reusing is difficult because
if any extrusion problems occur, they cause newscin the desired closed-loop sys-
tem the formation of scrap is under control, the okregrind reliable and efficient and
all plastic waste can be recycled within the conypan

The research was mostly qualitative. The case coynpas a Business Intelligence-
program (Bl-program) and an Enterprise Resourcarftig-program (ERP) but the
problem is that the information in these programsot reliable enough to make long-
term conclusions by only using statistical data.aseing methods have changed and
for instance calculation of scrap percent is défgmow than when compared to a year
ago. Because of this it was not considered relitblese computational methods to op-
timize the process.

4.1.1 Steps of the Research

In September when the research was started, tlteggovhere a closed-loop system
should be put into practice was totally unknown. dverall picture had to be built be-
fore problems could be spotted. Working short gkyim the production came across as
the best method to get to know production operatioecause fundamentally the prob-
lem is very practical. It was also necessary toeustdnd the employees’ daily job. It is
important that the planned new methods are eafylloaw because overly difficult and
laborious activities will be ignored in the longrteand render the solutions useless.
When the employees feel that they are considerdaeiimprovement of the processes,
they comply more with the rules and the processksat begin to revert back to how
they were. Starting the research from the basbebhierarchical pyramid was also the
right approach in the view of Lean-philosophy besaaccording to it information
should move to upstream. During the work phasesnwtge written in a note book.
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In addition to working on and knowing the interpabcesses, the input and output of
the process were studied at the beginning in Sdgensankey diagram was created in
order to understand the process efficiency andliiaees of different inputs and outputs.
Made plastic waste, made regrind and used regrer@ \wdicators of the extent of the
problem. In this step the ERP and Bl-programs wegsl to get material reports.

Participant and non-participant observation wastesdain September and continued
until the beginning of January. Non-participant eévation served the purpose under-
standing current practices in the production ameotunctions around it. It consisted of

taking part (listening and watching) in daily margimeetings, weekly meetings, in one
meeting about material management (the aim waslve she problem about lost mate-

rials and shortages) and in one meeting with a evashinagement company. Daily

morning meetings were a great way to observe winditigms repeated often in the pro-
duction that also caused scrap. It was also a g@ydto observe how systematic opera-
tions and the use of regrind were. Non-participalvéervation was non-structural but
notes were always written. Notes were also analgsedthe number of issues was fol-
lowed (for instance how many times raw materiatsagat during an extrusion run). For

some issues photos were also taken (waste skipsutient state of warehouse etc.).
Participant observation consists of free non-coiesdd discussions with employees and
officers. Also these were written down in a not@koBy using both of these tech-

niques a picture of the “As-Is” process was formeevas appropriate to take a neutral
approach; listening rather than actively suggestimgnge. If the role of the researcher
had been too active, the observed situations waoiddhave been “authentic”.

Also the use of the BI- and ERP-tools was stame8aptember and continued until the
end of the research. Made and used regrind, s@ajigm and scrap per tool were fol-
lowed on a weekly basis and documented once a mioriiRkcel files. If something un-
usual (for instance a very big scrap percentageraduct) was noticed, it was investi-
gated what the root cause was for it. Observatiogi® written down in a note book.
The Visual Planning & Production Follow-Up programas useful for spotting prob-
lems with extrusion runs, to see how much time used to quality rejects or because
of lack of resources. The root causes behind sagmf issues were analysed. The issues
and reasons behind them were also recorded inesbiook.

In October, when a rough picture of the producpoocesses and the company was in
place, interviews started in order to get a momame@hensive picture of problem areas.
The interviews were a good way to map the long-tproblems because the research
time was relatively short. The interviews revealled areas where attention should be
paid (preliminary topics to Chapter 5). In Octoladéso a visit was paid to an internal
supplier in southern Finland. The aim was to urtdesthe value chain better and in-
vestigate if there is something to take into actomhen redesigning the production
methods. The visit included a guided tour of the raaterial preparation unit, which
was recorded by taking notes and performing a ghotgpview.
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The interviews were completed in November and drealysed. Clarifications included;
what is the reliability and validity of the mentieoh issue (things that cause scrap or
hinder the use of regrind), what are the root c@)s# it, what is the role of it in the
bigger picture and in the closed-loop system, whwimat processes can affect to it and
what other things should be taken into considemafy using this information, through
personal observations, with the help of Visual Riag & Production Follow-Up-
program data (significant quality rejects that emlalso a lot of scrap) and Bl-program
data (unplanned big scrap per item-records, usgthe), a rough outline for Chapter 5
was done.

The previous research process continued in DecereérChapter 5 was finished.

Again, participant and non-participant observatioere done to get a deeper insight
into the problems. The BI-tool gave valuable infatimn about big scrap percentages of
certain products and made versus used regrind. liRoegults were presented and ac-
cepted in the Executive Committee meeting in thedhei of December.

In January (and partly already in the end of Deaainbolutions to collected develop-
ment issues were outlined. In this step all coldabbservations, analysed interviews,
literature and information from the Bl-tool was dsén the most important role were
Lean-literature and the four rules by Spear and &o\{1999). Also documentations
about interviews carried an important role. It veasical to map all relations between
the noticed variables and problems (what is thérmes cause and what contributes to
it). By mapping variables, finding sources of scea mapping links to current em-
ployee responsibilities, it was easier to share responsibilities fairly and create pro-
cess control methods without blind spots. Standardiand easy to follow directives
were important in order to minimize negative effe(dcrap, un-used regrind) and in-
crease the share of regrind.

In the end of January the master’s thesis wastegnte-examination and at the end of
February the corrections were made to the confdter that the master’'s thesis was
sent for grammar and orthography check. The fieasion was ready in the March.

4.1.2 Interviews

Interviews were important to view the research f@abfrom different perspectives and

to map relationship between operations. Becausedimpany and the extrusion process
were unknown to the researcher, it was vital teriiew people who have a long work-

ing experience. They gave valuable information albasic things that should be taken
into consideration about production. This helpeddb out a framework (like what are

responsibilities of employees, what are daily woeks.). But more important was that
they outlined daily problems that cause scrap tecafthe use of regrind. That infor-

mation was used for topics in Chapter 5.
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Theme interviews were used in the research. Theorebehind the decision was that it
let people speak freely about the topic. It wasaleiays clear what the problem is and
some perspectives and issues were hidden, so ia\gased way to let people tell all the
things that affect their work and what they seéngsortant in reducing waste material
and increasing its re-usage. The theme intervied/sak contain any ready lens or atti-
tudes as to how things should be done. It has toebembered that people uncon-
sciously see things mostly from their perspecti8emetimes people had strong atti-
tudes and feelings, so it was necessary to filbdormmation to get reliable results.
(Hirsjarvi et al. 1997.)

The people who were interviewed were chosen artliagroduction process, which is
the platform where a closed-loop system finallywdtidoe installed. In this context it is

like a steam engine and other support functionp kegoing forward. These support

functions include purchasing, production planningrehouse and inventory manage-
ment, internal logistic and quality control. Intewed were:

» two profile manufacturers (production) in separaterviews

e one trimmer (production)

» two officers from the internal supplier in a graaperview

* one shift leader (production)

* one person responsible for material and inventehg also worked in internal
logistics

* two people from maintenance

Financing, sales or governance were not includetienscope of the research. Product
development is not a factor in master’'s thesis mgekand that is why no interview
was done with them but interviews were replacedréy discourses. Overall, a product
development should be synchronized to productiomieimize waste, speed up the
development of new products and finding effectivaeys/to produce new products, but
there was not enough time to study this area gtlhen

The topics were chosen to cover as many areassasbfm This was done because the
importance of each area with regards to a closeg-&ystem was not certain. If the in-
terview topics would have been too limited, sompantant issues would not have been
covered in the research. Before real topic questian easy question was asked to get
make people feel relaxed and confident. It wWeghat are your main tasks and respon-
sibilities?” After that one question was asked on each ofdh@iing themes:

« often repeated issues in the production that cacis®
» troubleshooting

* handling of scrap after it has formed

* the use of regrind

e quality control
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* new products
* information flows
e continuous development

Generally almost similar questions were asked lahtdrviewees, but depending on the
function of the interviewee some questions wer@gskal or highlighted. For instance

with maintenance a topic about often repeated macproblems that cause scrap was
highlighted, but the question about quality conwals skipped.

Questions were asked neutrally. For instance atigmeabout quality control was not
“What problemsare there in the quality control?” Usually it wa&hat do you think
about current quality control procedures?” or “Garu tell me about current quality
control procedures, please?” By asking neutrabtioles the aim was that the problem
did not seem larger than it was in reality. Thesgwaing technique largely affects the
reliability of the answers because when asking megative manner, some good things
may be forgotten and the situation looks worse them In the beginning of each inter-
view it was said that questions are only suggestna people are free to talk about eve-
rything that comes into their mind about scrapegrind. This was done to avoid a situ-
ation where something important would have bedrplgfside the interview.

Interviews were recorded (an average length washone and permission for that was
always asked in the beginning. Only one intervieaswot allowed to be recorded. In-
terviews were listened to later and transcribedeAthat they were analysed by high-
lighting important things and making mind maps. ig#he aim was to highlight issues
that cause scrap or affect the use of regrind.

The most important results of the interviews carséen in the Chapter 5. However, it
was noticed that:

1. Raw material purchase should be partly more intedréo the production pro-
cess

2. Extrusion of established products need more stdmkt and controlled ap-
proaches

. Putting new products into production is fairly difflt

. Re-use of regrind is tricky

. Vertical information flows needs fine-tuning

. Involving employees has an important role.

o 01 b~ W

The answers were weighed up as to reliability aaidlity. Reliability means how relia-
ble and repeatable results are. It can be dividem two categories; stability and con-
sistency.Stability means how long-lasting the used methodCisnsistencymeasures
how good the correlation is between results if psijons are shared to two groups.
(Hiltunen 2009.) Stability should be treated witutton because for example the mood
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of the interviewee influences the results. An atiemas made to separate the effect of
the mood of the answer but sometimes it was haedaBse all interviewees were un-
known to the interviewer, it was hard to say, #é\twere tired, angry, or something else
that could affect the results.

Consistency was also an important thing to take aoinsideration because the perspec-
tive of the production employees and officers isywdifferent. It was possible to see
that employees were sometimes tired and frustifitbdy had faced problems recently.
Officers of course also face extrusion problemslzlg to solve them but their work is
also much lighter. Frustration is what differergmthese two groups. That makes the
consistency between interviewed people weak.

Regarding reliability it should be remembered, tivhat people have encountered only
a little while ago, gets more importance than thitlgat people have encountered a
month ago. For instance if some extrusion problem bccurred, even if it happened
only a few times in the year, it would seem impottalso things, with which they of-
ten struggle, feel more important even if theyraseso significant in the bigger picture.

Validity means whether a method measures the phenomertowehaant to explore.
That depends on how good questions an intervieagphepared and whether the target
population has been chosen well. (Hiltunen 200%)Vélidity of interviewees was pret-
ty good because they are those persons who iniggadtect the flow of material. The
chosen interview method, theme interview, helpetth wie validity of questions. Ques-
tions are flexible and people have a possibilitygtee more freely of their opinions
when compared to a very structured interview witiekected list of questions.

The interviews were processed anonymously. Namdates of interviews are not pub-
lished to guarantee interviewees' anonymity anel ésxgression of opinion. If dates had
been published, it would have been possible totlekdate to the interview booked in
the calendar. For this reason interviews are radtided in the references.

4.2 The Role of Literature

Literature was part of the research from the bagmmntil the end (see Figure 18).
With the help of the literature the requirementsaaflosed-loop system and successful
extrusion operations were outlined. The study adr-philosophy methods was neces-
sary for solving the research problem.

It was hard to find suitable literature concentrgton a closed-loop system. Most litera-
ture was focused on an environmental perspectivéchnvof course is important, but
much harder was to find literature about the cldseg system inside factories. The
solution was to divide the concept of the closemplsystem and its literature into sec-
tions:
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* Processes Lean-philosophy and a closed-loop system reguwrecess- orien-
tated thinking
* Lean-philosophy strategy of how a closed-loop system could leezed
— A concept about a closed-loop system and Chapter 2

e Extrusion- a basic knowledge about the case process

» Recycling how plastic recyclable inside the factory
— The most important things about the extrusion ess¢recycling of plas-
tic and Chapter 3

The literature of process improvement was a goadist) point. Madison’s book “Pro-
cess Mapping, Process Improvement and Process M. A Practical Guide for
Enhancing Work and Information Flow” (2005) was fiivst book studied. It was a
good eye opener to what processes actually are. piidtess topic was studied in depth
through articles and studies about processes imdmss enterprise. After that it was
supplemented with literature on Lean-philosophy.attempt was made to find connec-
tions between these, to get comprehensive perspsdinat fit the concept of closed-
loop systems. The involvement of the employeesre@gwed in the view of processes
and Lean-philosophy. The Chapter 2 covers concepizrocesses, Lean-philosophy
and a closed-loop system.

It was decided to divide literature and theory ik different chapters. Chapter 3 is
purely related to material and extrusion equipmpbfdterial and extrusion handbooks
were used to find out material and equipment chiaratics around the research prob-
lem because generating the closed-loop systemresgai good knowledge of both.

Guidelines of troubleshooting procedures were amitby using handbooks because
they were problematic at the case company. Extnusaubleshooting has also a critical

role with regards to scrap. The tables regardiaghiieshooting are an attempt to get a
systematic and scientific basis to the complex\ardhble extrusion process.

Recycling of plastic was studied only with the helpliterature and previous studies
because there was no time for trials. It was ingattd what changes happened during
plastic recycling because at the moment it haseeh studied with scientific methods
and has many problems. The use of regrind has tellabdle and not cause scrap be-
cause using regrind blindfolded makes the problerse/than new scrap. Many things
like changes in MFI, different bulk density whenmmqmaring to powders or granulates
and colour changes were discovered. These all dhmutaken into consideration when
effective use of regrind is achieved. The probleithwhis area was that many studies
have been done about post-consumer waste but reashabout pre-consumer waste.
Changes in plastic during processing are also uargue, which affects the reliability
of the results. Sometimes results were oppositiffarent studies. This underpins the
importance of experimental study of correct regraiibs in the production.
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5. THE CURRENT STATE IN THE CASE COM-
PANY

Core functions of the case company are extrusiodymtion, R&D, sales and customer
service. All operations are customer-orientated twuproducts having to meet special
customer specifications. Most of the productiorncfes a make-to-order (MTO) manu-

facturing process and only a small buffer is usdith Whe most important and biggest

customers. This sets high requirements for prodaodtecause it has to meet demand
relatively fast and be at the same time flexiblduifil customers’ special needs. Also

production and material management have to bebtelibecause the delivery times

from suppliers of special plastic raw materials andster batches can take several
weeks. This kind of business requires also a gomiviedge of the customer and active
communication with them.

Factors that cause scrap and issues that showdnsélered during recycling and reus-

ing plastic are listed according to identified aréaund through observation and inter-

views. Development issues are divided into theimashapters based on processes
around a closed-loop system topic. One shouldrstilember that the closed-loop sys-
tem is a strategy, not just a project and it rezgithe participation of the whole organi-

zation.

It should be taken into account that the followat@pters focus on development areas.
This should not lead to a misunderstanding thatalvihings are not well organized. In
every production there are always development aaadshere we will focus on them.
Many things in production were managed well and ihiviewed in Chapter 5.8.

5.1 Input and Output

Figure 19 shows a Sankey diagram of input and déutiaterials in the case company’s
production from year 2014. Percentages expressiuti@unt of total input and output
(kilograms per total input or output kilograms). tWithe plastic input, numbers in
brackets indicate the share of the total plastpuinAmounts are calculated by kilo-
grams, which lead to situations that the use ofateetnd packing materials looks high
in percentage terms.
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Desired Output\

Plastic from the Intemal Supplier
1408 363 kg

Products
0, 0,
67% (85%) About 1818 299 kg

86%

—_— e — —— — ——

Other Plastics
146 517 kg 7% (9%
Used Regrind104 309 kg 5% (6%)
Metals
373361 kg
18%
Masterbatch 6 907 kg 0,3¢
Packing Material 64 459 kg 3%

Landfill Waste (PVC) 82 540 kg 4%
Sold Regrind 56 598 kg 3%

I
I
I
Undesired Outpu I

Made Regrind 128 000 kg 6%

Figure 19 The Sankey-diagram: inputs and outputs of the prodi process in year
2014 (ERP, the waste follow-up report from the y&@it4)

According to the Sankey diagram it is possible &kena material balance for the year
2014 shown in Figure 20 below. At the top is tamtgdut consisting of plastic, packing
material, metal and master batch and below dessesmhndary and unwanted output.

INPUT [KQ@] [%]
Plastics from the Internal Supplier 1 408 363 67 Y ahl Input 85 % of Plastics
Other Plastics 146 517 7 % of Total Input 9 % of Plastic
Regrind 104 309 5 % of Total Input 6 % of Plastics

Total Plastic Input 1659 189 79 % of Total Input

Masterbach 6 907 0.3 % of Total Input

Packing Materials 64 459 3 % of Total Input

Metals 373 361 18 % of Total Input

Total Input 2103917 100 %

OUTPUT [KG] [%]

Landfil Waste (Mostly PVC) Unwanted Output -82 540 %4of Total Output

Sold Regrind Unwanted Output -56 598 3 % of Total Qutp

Combustible Waste Unwanted Output -18 480 1 % of Totaput

Made Regrind Secondary Output -128 000 6 % of Totap@ut

Total Desired Output 1818 299 86 % of Total Output

Figure 20 The material balance of the case company’s prodactf the year 2014
(ERP, the waste follow-up report from the year 2014

Most of the plastics come from the internal suppligne amount of other plastics con-
sists mostly of engineering plastics. Used regdodsist mostly of made regrind in the
year 2014, but part of it is from the year 2013aRacking materials or metals are not
considered in the research. In relation to metase recommendations have been giv-
en about copper. Master batches are mostly pigm&hts relative amount of them is
small but when taking the high prices into accdbetir usage should also be optimized.
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Sold regrind consists of plastics that are not édblee used in the company’s own pro-
duction because of the colour or other unsuitabbpgrties with regards to recycling.
Made regrind is a questionable input because acupitie concept of the closed-loop
system, it is more desirable than landfill wastg, ibis not either primary output. De-

sired output is calculated by subtracting unwantetput from input. Another way

would have been to calculate it by taking produpesfiles in metres and multiplying

that with the meter weight. This was a too compédanethod and in this context rough
numbers were informative enough.

5.1.1 Used Materials

This chapter takes a look at the raw materials us@814. The material review is done
to get an overall picture of plastic raw materigbut, the extent and variety of it and
how material usage is divided. When the range dened, the flexibility to meet cus-
tomer specifications increases, but at the same, tthe material and inventory man-
agement becomes more difficult. When the varietya®d materials is huge, the infor-
mation management about raw materials become noonplex. However, in a subcon-
tracting company it is more important to tailor ramaterial recipes to the most im-
portant customers.

Table 2 lists the ten the most used plastic ravernas in the year 2014. As can be seen
from the table, there is one plastic raw materi&l-ID0125 that is above all others that
is consumed (17 % volume). Prefixes MD and MC tiedit raw material is made by
internal supplier with the exception of R-400027#l &-4000277 that also have been
prepared by them. With other materials prefix R nseplastic from an external suppli-
er. Prefix G tells that material is regrind (nobaim in the table). The problem, which
we will review later, is that the number code a#igurefix is not same with a virgin ma-
terial and relative regrind. That makes the conoadnhdistinct.

Table 2 Top 10 plastic raw material consumption (ERP)

Plastic Raw Material | Consumption [kg] | Volume of Togl Plastic Consumption
MD-100125 287 786 17 %
R-4000278 143 511 9%
MC-100010 108 798 7%
MC-100009 99 635 6 %
MD-100079 98 085 6 %
MC-100172 68 192 4%
R-4000277 47 022 3%
MD-100154 39 439 2%
MC-100044 39 423 2%
MC-100040 37 224 2%
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In year 2014 there were 64 different raw matenaed with consumption over 1000
kilograms. Total number of different plastic raw teraals with own recipes is huge,
182. Of these raw materials 128 were made by tieenal supplier and last 54 raw ma-
terials were from external suppliers.

5.1.2 Waste

In addition to the desired output, there was 14r¥desired output; landfill waste, sold
regrind, made regrind and combustible waste (sger&i1l9 and 20). The primary ob-
jective is to eliminate all of these. The secondalnjective is making it possible to use
landfill waste and sold regrind in the company’snoproduction. Combustible waste
consists of combustible plastic and other wastestippackaging material. The amount
of plastic is unknown because plastic is not s¢pdrixom other waste, but the target is
to return it to production. However, regrind isexpensive raw material with more dif-
ficult processing properties and it has few preigtgs. Making it possible to re-use
made regrind in the extrusion is the first thingtwa possibility to feed from two fun-
nels). Another thing is that regrind is used effegdy and relatively fast. It takes up
space and the more regrind there is in the warehahe higher the mental threshold is
to use it. In addition, the material should be edst theoretically possible to re-use.
There is no financial sense in grind or store niaténat is not re-usable or that cannot
be sold.

As mentioned before landfill waste is mostly PVCstea(rare colours of rigid PVC and
coloured foam profiles) and start-up scrap. PVGtptafrom products combination of

plastic and copper wire is also categorized asfilameaste due to possible small con-
taminations of copper in the plastic after separmatCopper has a risk of wearing extru-
sion machines. The amounts of theoretically redjel®VC waste (coloured foam pro-
files and some very rare colours which are noablst for sale) is unknown but have in
any case a financial potential. There are not eindug crushing mills available in the

production for start-up waste. With start-up wastanination is at the moment the only
way to reduce financial loss and environmental ichp&igure 21 shows the typical

contents of a skip.
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Figure 21 The typical contents of landfill waste; start-upsteg PVC from products
with copper wire, coloured foam profiles and rarelaur rigid PVC (a photograph
15.9.2015)

Regrind that cannot be used in own production ettioment but is recyclable, is sold
to a recycling company. This volume consists ofasertypes of PC, PS, PVC, PMMA
and ABS. The reason why some materials are catgbfor sale is that some of their
properties, like transparency and electrical cotidilg change in an undesired way
during re-processing. Table 3 shows the amounselof regrind and the distribution of
sold material types is shown in Figure 22.

Table 3 Sold regrind in the year 2014, measured in kilogsgaamd euros (material
codes based on the system used in 2014 and hathg gfzanges in the year 2015) (BI-
program

Net invoiced |Netinvoiced | % of Net invoiced | % of Net invoiced €/kg
amount [€] quantity [kg] amount [€] quantity [kg]
G-0000032 [281 1654 2,7% 2,9% 0,17
G-0000036 [121 709 1,2% 1,3% 0,17
G-0000053 |217 987 2,1% 1,7% 022
G-0000081 [7277 39986 70,5% 70,6% 0,18
G-0000095 {1026 6034 9.9% 10,7% 0,17
G-2000012 |154 615 1,5% 1.1% 0,25
G-2000013 940 4797 9,1% 8,5% 0,20
G-2000017 |309 1816 3,0% 3.2% 0,17
10325 56598
Sold Regrind in the Year 2014
u (G-0000032
u G-0000036
u G-0000053
u G-0000081
u G-0000095
uG-2000012
G-2000013
G-2000017

Figure 22 The distribution of sold regrind in the year 20@aterial codes based on
the system used in 2014 and have partly changdteigear 2015) (Bl-program)
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As it can be seen from the picture and the tahle,biggest source of sold regrind is
rigid PVC. In financial terms and measured in kilngs, it means a proportion of circa
71 %. This consists of PVC in different colours efhare not separated from each other
and contaminated waste. This raises the questi@t istthe profitable amount of dif-
ferent colours and materials? The more coloursetheg, the more difficult the re-usage
is and in turn, product variety flexibility is high the customer satisfaction is better and
more new customers may be obtained. In turn, inzatechandling is the biggest reason
why rigid PVC has to be sold as secondary raw nahtdf there were systematic ways
to separate and recycle also coloured PVC plastitomt contamination, it could be
used in theory.

The amount of made regrind is continuously measaretifollowed in the Bl-program.
From the amounts of made (circa 128 000 kg) and usgrind (circa 104 300 kg) can
be seen that not all made regrind was used in ptaoiu The factor causing this error is
that some of the used regrind had been made iyagae2013 and some of the made
regrind had been used in 2015.

The financial potential of reducing waste is hugethe year 2014, was generated:

» Landfill waste: 82 540 kg

* Sold regrind: 56 598 kg

* Combustible waste: 10 000 kg (Estimated shareasitigl from 18 480 kg)
* Unused regrind per year: 23 700 kg (128 000 kgd-3@ kg)

— Total amount: 172 838 kg

Table 4 demonstrates four scenarios for eliminatiagte and using regrind. Calcula-
tions are based on different uses of made wasteegmnohd with actual scrap percentage
from the year 2014The average value of virgin plastic material is 1L&kg (roughly
estimated: value of made scrap/quantity of madapsaor the year 2015). Due to this
supposition the calculations are not exact (pladteve different kilo prices) but are an
indicator of saving potentials. The average valuegrind when compared to the virgin
material is 70 % (Brown et al. 2000, p. 18he average selling price of regrind is 0.18
€/kg The landfill cost was circa 0.19 €/KYAT 0 %) andfor combustible waste the
cost was about 0,066 €/KgAT 0 %).
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Table 4 Four scenarios for using regrind (data is from §ear 2014, based on actual
scrap percentage) (ERP, Bl-program)

Value/ Loss | The Loss When Compared

Scenario [€] to Scenario 1 [€]

1. Total amount that would have been used
in own production (The estimated value (12 837
virgin material)

2. Total amount that would have been

N . 218 986 -93 851
used as regrind in own production
3. Total amount that would have been PPSi 111 - 281 726
sible to sell
4. Current state (Estimated that unused 1752 - 314 588

(mostly mixed colour) regrind is sold)

The current state based on following points:
e Landfill waste: 82 540 kg * (- 0,19 €/kg) = -15 683
* Sold Regrind (see table 6): + 10 325 €
« Estimated combustible plastic waste: 10 000 kg@,066 €/kg) = -660 €
e Unused regrind if sold as secondary raw materidl7@ kg * 0,18 €/kg =
+4 266 €
- The sum: -1752 €

There is over 314 000 € savings potential in wasteregrind due to high landfill costs,
combustible waste costs and poor returns from ssggind. In addition time, labour
hours, space in the warehouse and other indirests ¢electricity, insurance etc.) allo-
cated to plastic material could be eliminated. §Tisibased on the supposition that re-
grind is stored in the warehouse after grinding.)

5.2 Raw Material Purchase

Plasticized and rigid PVC are prepared in the maksupplier's production. Also both,
powder and granulated forms are prepared. The wiroleess is very automatized and
mostly operated from a control room by using a gpgrogram. Only small amounts of
additives are manually added. Also the cleaningnofers is done manually. When
changing a prepared raw material for another, sameunt is poured into a waste bag.
Produced raw materials are shipped in big bags. bdgs used in the raw material
transportation are shipped back to the internapkeipafter they have been emptied in
the production. In theory this system is one pdssburce of scrap if there are contam-
inations of old material remaining in the bag, thi$ was not seen as a problem as they
were sorted before refilling.

Based on interviews and conversations in the casgany there were different experi-
ences in relation to homogeneity of the raw maltgriaduced by the internal supplier.
Some employees had experiences that sometimes eltamging a raw material bag
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during a run, an extrusion was disturbed due tteiht melt flow properties. Other

employees said that this effect was stronger witivgers than granulates. Especially
with PVC-P the problem is highlighted. Material asldarp corners set high require-
ments for quality. Employees working with PVC-Pt fillat the problem did not exist

before when using an external material supplienwaltays occasional contaminations
hamper the extrusion runs.

The question about homogeneity of the raw maté&iaroblematic because some em-
ployees did not have the same experiences andid@stwere made on the question. It
was also possible to see some confrontation betweemternal supplier and the pro-
duction. The difference in opinions regarding thetehogeneity of the raw material
could also be explained by the skill levels of emyples or other misconceptions. What
is also important, some employees, who thoughtrénatmaterial is partly heterogene-
ous, felt that they are not listened to and thpinion does not seem to matter. The em-
ployees working with extruders and raw materials good sources of information
when there is something unusual in the process.

There is an inadequacy with the internal reclanmasigstem. This has slightly improved

but is not systematic and automated enough yeteTltas no system that would have
been used in all cases. Sometimes an employeeabaid problematic material to an-

other employee, who told about it to a shift leasdro conveyed the message to a pro-
duction planner and he called to the internal sepplresponsible person. Because of
the many steps before the message gets therepftrenation gets delayed, there is a
risk for a broken-phone effect and some relevaiatrimation may disappear. According

to the discursions documentation of the reclamaivas not good enough and some-
times when a raw material problem occurred, oné rtiraterial code was passed on to
the responsible people at the internal supplieeduires a much more comprehensive,
standardized documentation with photographs toesalwoot cause and prevent the
problem from occurring again. Also a lack of conment could be detected when it

came to dealing with complaints in the productittrwas sensed that this was maybe
partly because of the absence of a scheme ang pachuse of prejudices about atti-
tudes to reclamations at the internal suppliernBbeugh both units belong to the same
company and concern there has to be a clear aadt dustomer-supplier relationship.

Customer’s needs form the basis of what are thegeviasldicators and specifications to

meet and the number one priority in every processth be producing the desired value
to the customer. (Spear & Bowen 1999.)

5.3 Inventory and Material Management

When scrap is formed it consumes material but aftiergrinded, scrap is transformed
to new material, regrind. These have to be equalatth other or material is “lost for
nothing”. Again, this causes errors in stocks, eddks production planning and may
lead to situations where according to the ERP sekailable for extrusion but in real-
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ity there is not enough material. Furthermore, thads to formation of scrap due to
material run-out during extrusion and a new starttwith start-up waste) is needed.
Incorrect calculations were another reason why rni@iteonsumption was not always
up-to-date.

5.3.1 Raw materials

During research it was observed that sometimesmaterial test results were obtained
after the raw material had already shipped fromintkernal supplier. This is problemat-
ic because if something unusual happens, the neistak already been passed on. Espe-
cially according to Lean-philosophy this is not tight approach. During the conversa-
tions with employees from the production and offsce appeared that many times even
if it was noted that the raw material was not pryndghere were attempts to use it in
another application. It sounds like a good way afimizing the cost caused by the de-
fect of the raw material supply but it may be derrgj. Trying to use a defected or un-
planned raw material in another application whésesuitability is not tested by using
scientific methods, can lead to extrusion problefosnation of scrap and cause other
spill-over effects.

Also in some other areas the internal suppliertarccase company need better integra-
tion with each other. There were a few problempataructs which had been difficult to
extrude for a few years already. One of these war®wan foam profile. The resin used
in this product contained pigments and only foamiggid was added during the feed-
ing process. There were numerous problems; the g lumpy and needed sifting
before feeding, it did not drain properly duringdéeng and also had extrusion problems
like excessive swelling. Opinions about the reagonshis problematic behaviour var-
led a lot; lumps formed during transporting becaofegibrations, material got lumpy
due to pigments or the tool for that particular enal was bad. However, the scrap per-
centage of the brown foam profile is more than péghin most of the runs. In addition,
brown foam plastic scrap (like other coloured fgalastic scrap) ends up in the landfill.
Attempts have been made to solve the problem buinnaccordance with systematic
and scientific enough methods or plans. Fast afedtefe actions are of paramount im-
portance, rather than firefighting in the productimme. Caused scrap, frustration, de-
creased customer satisfaction and disorder in tamucould be avoided with faster
problem solving.

5.3.2 Facilities

The company has two main warehouse spaces; ohe setond floor above production
and a tent outside. The former is the main placere/imaterials used in the near future
are stored. From here raw materials drain by graweithoppers in the production, but
with plasticized PVC raw material suction is usedconvey material from a bag or an
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octabin box on the floor to a hopper. The outddorage has few problems in relation
to material and employees. The temperature vanaietween summer and winter is
huge and may affect the properties of the raw nateklso condensation of water es-
pecially in spring and autumn affect the raw matemostly only regrind and rarely
used raw materials, packing materials and somshi@d products are stored in the out-
door storage. However, this does not facilitate uke of regrind. There is also a psy-
chological effect - “out of sight, out of mind”. i§ easy to store regrind out of sight but
mentally and physically more difficult to pick ipdrom the outdoor storage.

One problem with the warehouse facilities is thetreé is no bar code system with the
pallet places. Because of this, no exact infornmagibout certain material bags is avail-
able. There is a map showing the location of théernss, but the problem with this is
the fact that when the amount of different matsrgrows, the conceptualization about
their locations decreases. Also, because of limgelet places materials have to be
sometimes placed outside their own place. In thggnioéng of the research a too com-
mon problem was that material was lost. This ha®ipe much better due to a devel-
opment project started in October. However, thd-treee information, which tells
where a certain material bag can be found and haehrof which material is located in
a certain pallet place would speed up the procefsding the raw materials and make
the inventory and material management more reliable

5.3.3 Calculation of Material Consumption

Theoretically the required material quantity is dsh®on calculations about produced
volume and added quantity of scrap. Bill of mater{@OM) tells “the recipe of prod-
uct” and the amounts of raw materials needed. Witist products a theoretical scrap
percentage is 10 %, in other words a yield facto®.B. With new products the yield
factor can be determined to be lower but the taigyedll products is to get it to the lev-
el of at least 0.9 and later in the future to teel of 0.925. During production infor-
mation is written down, which is needed when caltnl the actual quantity. This is
based on three things: produced metres, a metrghtvand formed scrap. Produced
metres are shown in work order. Metre weights atigtem down during extrusion de-
pending on the product once every two hours, ondecar or in the beginning and end
of the run. With foams this is more critical duebigger variety in metre weights. Scrap
is weighed in the end of the run or with long ralsing the run when the scrap cart is
full. The person responsible for materials collagtsk orders, calculates consumption
and reduces consumption from the balance.

Weighing metre weights correctly is extremely intpat. Because this is done manual-
ly on paper, the risk of incorrect balances is h## to human error and negligence.
This occurred several times during the researclhénbeginning of the research, also
the weighing of the scrap pallets had a risk ohbenaccurate. When people changed
during a shift change, it was not always clearpidet had been weighed. The problem
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with this kind of material consumption calculatimthat it does not happen in real-
time.

Masterbatch bags used in a product are weighedéafud after a run. The consump-

tion is calculated by subtracting the end weigbtrfrthe start weight. This is marked to

a work order and the person responsible for thenaisubtracts the consumption from

the balance. The problem here is that even tholgtptocedure is very simple, there

were continuously differences in the masterbatdarnz®s. They are used in very small

ratios (only a few percent) but their high kilogeimakes this issue important. During

the discussions | also heard that sometimes mastéds were used more than neces-
sary in order to produce a desired product (a gémpercentage is 2-3 %). It is a waste

of money to produce over-quality and this habitidtidoe eliminated.

It was possible to see symptoms of a broken matend inventory management. As
already stated, sometimes material was lost bueroften it ran out or was soon to run
out during extrusion runs. It was observed tha s very frustrating for employees.
Sometimes a tool was assembled to the extrudeckwdan take up to many hours) but
afterwards it was noticed that there is not rawemal even though, according to the
balance, there should have been. If raw matensiut during a run, it generates extra
shut-down and start-up scrap, wasted labour howdauses extra work to find out the
reason for the shortage. Also, laborious and fatisig regrind inventories once a month
are signals for the same problem. | took part i@ ofithem and there were relatively big
variations between the real balance and the balsimoen in ERP. Corrections cause a
lot of extra work which is actually a waste of tiraed effort compared to a situation
where material consumption would have been caledlaiorrectly at the first time.
There is of course a need for inventories but aneaeonth is too high of a frequency
because this time is taken away from everything,edsach as from improving current
processes (raw material and pigment inventorieg wene less often).

5.4 Production Process

All work in the production shall be highly specdias to content, sequence, timing and
outcomes (Spear & Bowen 1999). Many symptoms ab&édn process could be detect-
ed; the quality was not always as expected, somgghook too long, processes had to
be done many times (scrap), employees felt frustrgtlesign flaws), output time and
quality varied but it was difficult to react to there was a need for continuous reviews
when production processes were not reliable andrtaragement tried to solve the
problems through firefighting, but the fires kepturring (Madison 2005, p. 55-59).
One source for a broken process is numerous vagaflhis makes systematic ap-
proaches even more important, because without #rahcontrolled input also the out-
put varies a lot.
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5.4.1 Extrusion of Established Products

The interviewees stated that when planning investspeghe company is sometimes
focused on wrong things and the basic machinesotiget enough attention. Calibrat-
ing, water cooling and air cooling were seen asrtamh when trying to achieve high
dimension accuracy. Small changes in the watelrmpglystem may cause large chang-
es to product dimensions and if changes cannotooe avith a sufficient accuracy,
meeting the specifications becomes difficult. Erih is just an “on/off” options without
measuring scales, calibrating becomes more oalbssid-feel operation.

An extrusion process starts when an operator lopka Visual Planning & Production

Follow-Up-program and picks up a corresponding worder, a product card and a
sample. The product card is information input amousd be the guide to how the extru-
sion of a certain product should be done. It wasaliered through the interviews that
too often the cards were not up-to-date, they weteclear enough or did not have all
the necessary information. When the variety expamdspeople change from one line
to another, the importance of reliable informatieithe key. A manual form is may not
be the best one. Making corrections and addingadarformation to the same card or
folder, makes the reading of the product cardscuilif. If there are even nine different

paper versions in a folder, how is it possible now which one is the right and the best
one? Confusing and messy appearance does not makects cards attractive to read.
This is alarming because too many times | heattienproduction that some people do
not read them. This problem came out also durimgesof the interviews. Unclear and

partly outdated product cards had caused alsoadary phenomenon; some employ-
ees have had to make up their “own instructionglualextrusion conditions. This leads
to a situation where extrusion output is persoateel, not consistent.

Pre-printed work orders may not be the best optioa to outdated information about
material balances. During the work in the produtitdbecame obvious that employees
have to always check the existence of material sscéhe balances in the work orders
are not up-to-date and can be even weeks old. Ano#ason is unreliable calculations
of material consumption. A question arises hereatvw$ the role of the balances in the
work order if they are not up-to-date? It takes kvand presence man hours to go the
second floor or outdoor storage and check the maategsilance. Also, pre-printed work
orders carry a risk of human errors; paper carobg forgotten to be printed or forgot-
ten to be brought to the production. It is alscadditional operational step and accord-
ing to Lean-philosophy, it is a waste to carry tgthpapers over to the production, if
printing can be done in the production.

Most of the extruders are manual but there are absoputerized extruders. At least
with those there should be ready temperature gstt@vailable from a menu. At the
moment there are too many “hand-feel” searchestHerright extrusion conditions,

which lead to formation of scrap. It emerged durogversations that one reason why
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the available computer programs were not used psope the lines where it would
have been possible, is partly down to employeesetninty about computers. Every
extrusion machine is unique but there should Heast a common starting point for the
searches. This is also part of the systematizatidhe entire process. If there is a wide
range of extrusion conditions, they could be optedi The goal is to find the best pos-
sible conditions which are repeated in every casés is the only way to maintain a
similar output. It also helps to reduce productt Hre overweight especially with foam
profiles because overweight is also a waste of yane materials.

There were not enough guidelines as to how mageviah complicated processing

properties, like ABS and PC, should be preparegingrthese materials properly is

very important to prevent previously mentioned picidproblems. The product cards

included guides about drying temperatures but hoiubdrying times or acceptable

moisture contents. Completing actions blindfoldeddls often to unwanted output. As
time passes, things (such as drying time) have lesened through practice but before
that it will cause a lot of scrap, frustration amdsted labour hours. This could be seen
partly in other guidelines and operations as wié¢le common way to act was to try and
see what happens rather than acting in accordaiticénstructions.

Large-sized scrap is extremely difficult to recyaled because of this there are critical
steps to be taken at the start-up of extrusione @Gaof the essence during these opera-
tions and for instance people from R&D are talergedugh to pull material through an
extruder with minimal scrap. For others, there $hdoe highly scripted approaches as
to how it should be done. Every preparation mustituee before material is fed in to
the extruder and all attention should be focusetiedine. Also, it is just a fact, that not
everyone is good enough to start-up difficult pratduns. If it is noted that a certain
employee has too difficult a start-up for him/hewmeone should be delegated to help
with it.

New products get more priority than old ones. Isvp@ssible to see this and in some
interviews it emerged that sometimes the procestumiing a “new higher priority
product” to an “established - we can handle thisoduct” was scattered. Because the
cycle of new products was so fast, older produdighvstill had problems during pro-
duction or with their properties, did not get enlowdtention. Older products should be
monitored as long as productability and properties good enough. Production and
R&D should solve problems together as long as tity is good enough and it is
advisable to do so from the start. | heard thatetlneas a big variation in this matter and
some R&D people cooperate better than others. lilsbe interviews it was noted that
difficult products were extruded too many timeshaitigh scrap percentage but not
fixed properly. After the run everybody let outighsof relief until the same difficult
product came to the working list the next time.sTts repeated many times until the
product is truly established.
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Troubleshooting was often more blindfolded thanaoiged. Shift leaders and some
employees, who were more conscientious, took sagfléhe section where the prob-
lem occurred, analysed it openly and made corre@ations. But in addition to this, |
saw “hand-feel” seeking and indiscriminate cornexiactions with the mentality “let’s
try and see what happens”. There was often a mshtérvene in the process when
waiting would have been wiser. This may make tloaildleshooting run in circles.
Changes that were made (for instance changing ezalere sometimes hard to fol-
low. Especially when there had been a long timevéen the previous and the follow-
ing extrusion run, there was a risk of forgettinpat the changes made. And when the
number of changes without documentation increabespverall picture may become
blurry.

Haste in the production came out in every intervilkws not clear if this is due to badly
directed resources, lack of resources or just linfpeBut there is one important point -
Is the time really spent on valuable work? A feglof rush can also be based on badly
directed resources. However, if a lot of time igrdpon firefighting, there are not
enough resources for value-creating work. It wagias from the observations that
shift leaders and production officers had to uset ®f time in solving continuous and
unexpected problems. This is tricky because problefitourse have to be solved, but
the shift leaders’ primary task is to improve thleduction process, to ensure that every
task will be done and to support employees by f@sence on the lines. Here the em-
ployees’ part becomes important, because if theypravent problems occurring and
solve simple issues by themselves, shift leaders time to improve the process.

Secondary operations were not seen as a majoresotisrrap. Visiting the secondary
operations unit showed that only a small strearthefmanufactured products actually
goes there and employees were mostly satisfied twéhquality of prefabricated prod-
ucts that they get from the production.

Last but not least, reclamations tell also aboetpérformance of the current production
process. The appearance of the product was therrdas 28 % of all reclamations
made in the year 2015 (surface quality, shape tefetc.). This reveals insufficient
guality control methods (how measurable and reptatienal criterions are; pass/fail
answers?) or lack of care (human errors due tdriess or neglect). Statistically direct
human-related reasons were 23 % of all reclamatiargch is a relatively large
amount. It should still be taken into account tthetse are statistical numbers and real
root causes should have been studied in everytedsecertain about the real reason for
reclamation.

5.4.2 Extrusion of New Products

In a subcontracting environment, where extrudedyets are tailored to customer spec-
ifications, cooperation and strong integration lesstw production and R&D is critical.
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Generally “over-the-wall” mentality and detachmehR&D from other operations may
be a big source of problems in the production.ddit#on to product properties, devel-
opment projects have to focus on how products lélproduced (and how they will be
transported to customer). This is also the keyafdast and effective way to get new
products to customers. (Heikkila & Ketokivi 2005,193.) It is important to get prod-
ucts to the market as quickly possible in the nesnemy. The companies that are early
in the market have the opportunity to get a biggarket share, define higher prices for
products and get a better net present value (NPVyther words, the importance of
time as a competitive advantage is significant.y@g$a2002.)

There were done a protocol and a value chain-gcabout putting into practice of new
products from an offer request to deliver or figdhproduct. This is a very good and
systematic approach but not always followed. Tt tepartment has a responsibility
together with salespeople and a project managdevelop tools and products that are
ready for production. In the interviews it came that the development is sometimes
only partial when a new difficult product is comitaythe first production run after test
runs. When the status of the product changes ftest™to “on-production”, sometimes
the tool department withdraws from the project &ézoly, because they have so many
new product projects (here we come to a questfaiei resources of R&D are suffi-
cient). In some interviews it was said, that inforghpeople from the production about
test runs could be better organized. Especiallyoayzction planner needs more infor-
mation about the stage of the development procebs Bible to promise delivery dates.
On the other hand, employees should also takdrptest runs to get useful information
about future tools and products. This did not asMagppen due to fear of new products
and the need for training or just because of a ¢dckotivation.

One could sense haste in the production to getpreducts out to the customer during
the first or second production runs. The delivesjedor the customer was promised by
the sales and the production tried to respond it th many interviews it was noted,
that there was often a misunderstanding that glomant processing parameters were
known, even if they were not. Of course it is neeeg to get new products to the cus-
tomer as soon as possible, but the lack of knoveexfgsuitable processing conditions
usually causes trouble. These issues have an iropagterything. They cause frustra-
tion when there are design flaws or difficultiesdam panic to get products finished.
Working hastily increases the risk of mistakes aaip. Again the rat race is about to
start; scrap may cause a shortage of raw mateeatsesources from elsewhere, com-
plicate production planning and material managena@ut there is not enough time to
improve the process. The sales have responsihgitg to survey all important parame-
ters from the customer.
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5.4.3 Quality Control

Quiality control differs a lot depending on the prod Dimensions, surface quality, ap-
pearance and a metre weight were common issuegyith attention should be paid. In
addition, there were product specific issues l&sistance to measure. Many products
also have callipers. In general, this is the dioggtin which the quality control should
shift - to unambiguous (pass or fail) and fast. Stas are very useful but some distanc-
es are tricky to measure because they are depeaddghe measuring angle. However,
callipers have to be very carefully designed. titdtd not be possible for them to indi-
cate that product is passed if it in reality hat Ror instance, in January there was a
charging hose which passed the calliper test tredsored the inner diameter, but in
reality it failed. The outer diameter was measwaethe beginning of the run but during
production it was only assessed visually becausddise fitted to the calliper. Due to a
human error it was not noticed that the pipe wasceatralized properly. The lack of
proper quality controls and passed defect prodpetked in evening and night shifts,
which indicates that quality control should be easind free from human errors (like
Poka Yoke).

The importance of unambiguous quality criteria spexially important in evening and
night shifts when there are no managers availdblBlovember there was a run for the
biggest new profile of the range. There were naugh clear rules as to whether the
profile was acceptable and the line was stopped thaugh the profile was acceptable.
However, the decision was right because it islatogun a heavy profile for the whole
evening and night just to realize in the morningttis was all scrap. But if there had
been clear quality criteria in place, the line wbuabt have been stopped and a lot of
start-up scrap would have been saved (the profig at first extremely difficult to pull
through the extruder due to its large size andwa plulling speed).

Colour and gloss are not sufficient for a visuaegsment, if it is an important criteria

for customer. This was more problematic in the beigig of the research but was im-

proved later on. There should be measurable tadesaxpressed in colour coordinates
or gloss scale. When customer specifications abolatur and gloss tighten, this be-

comes even more important. It was reported in weers that a few customers have
such tight colour specifications that it is difficto respond to them within the current

process and quality control. As long colour is gibassessed, it is not clear what the
acceptable colour is (saturation, hue, brightnbsspause it depends on lighting, human
eye and surface quality. The discussions and iilews/revealed that if there are no
clear rules about colour and gloss, it becomekytrio even discuss it with the custom-

er. It leads to confusion about the desired coémd how it will be achieved. At the end

of research the measuring of colours with coor@®aot more attention and training

continued on the issue and so it improved.
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At the moment, because of the variables in thepegent and raw material, extrusion
process has to be monitored all the time. Duringkvam the process, it became clear
that half an hour’'s absence from the line couldseadozens of failed profiles. As long
as there is no sensor (manual or automated) ofindeit just relies on luck that the
extrusion succeeds (during the research a vide@mamas used on one line for quality
control purposes). At the end of the research wherteam work was implemented, this
issue had become a little better due to the rdiespacker and a trimmer. The packer is
usually less talented than the trimmer and can toothe quality of the profiles during
packing. However, sometimes the packer was natddaproperly (temporary employ-
ee) and the performance of his/her quality conivas insufficient. In these cases the
trimmer or the shift leader has the responsibiigtyinstruct the packer. On the other
hand also the trimmer should monitor the processeabeginning of the line and not let
own quality control suffer (defects are not allowsore moving to the next step).

5.4.4 Maintenance

Maintenance of machines is obviously a prerequisitehe production if you want to
avoid unpleasant surprises. There was an excetlanitenance program for each line
in the production. It included guides as to whaildth be done and when (once a week
and once a month) also illustrated with picturestddunately this was not followed as
it should have been. In some of the lines employese extremely committed and fol-
lowed the program, but there were also lines wileie was done half a year ago. A
simple maintenance done once a week can preveny edrusion problems. Regular
maintenance helps to discover if there is neec fmore proper maintenance in the near
future. For instance, if there are old granulatessdie the machine, it can lead to quality
rejects on the surface of the product.

It was discussed in the interviews what the reagas for the lack of basic maintenance
in the lines and if it still was seen as importaflte obvious and easiest reason was
haste. As noted many times before, haste is peathged by unexpected problems. Al-
most every other week the reason was that someshiad) was broken in a machine or
other equipment. Also unplanned repairs took oftdang time to fix because first the
root cause had to be found out. By performing weekhintenance, many of the prob-
lems in the machines could be eliminated or att liéad out about them early enough to
include them in the production plan as plannedirsp&urthermore, this reduces the
pressure and leaves more time for value-addingites.

It emerged that time pressure is not the only nedso insufficient basic maintenance
carried out by the employees. | heard that Friddg& shift before weekend often
leaved earlier than planned and this tells abotk & control and commitment. The
root cause can also be that maintenance is notasepart of somebody’s responsibility
or its importance is not clear enough. Some emglepxpressed tiredness because of a
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heavy work load. So if something can be left undanis just human behaviour to leave
it, when you do not feel it to be your personapssibility.

5.5 Recycling

How should formed scrap be handled to keep it ljglity with regards to recycling?
How should regrind be made so that it can be refus¢éow should regrind be used to
ensure unproblematic extrusion and products whiebtnaustomer specifications even
if they are partly recycled? Among other thingg turrent recycling procedures have
been observed in view of these questions.

5.5.1 Facilities

The case company’s recycling facilities consistooke grinder for foam PVC, two
grinders for different engineering plastics, fouinders for plasticized PVC and three
grinders in a scrap room. One of these is mostiyMaite PVC, one for coloured PVC
and one mostly for electric tubes. Cleaning a gind laborious and that is why col-
lecting each scrap type as much as possible bgrimding, makes it easier (but this
decreases flow efficiency). Employees expressedesfoustration about cleaning the
grinders. At the moment there is a very consci@stiperson responsible for the grinder
in the scrap room, but one possible reason foripusly made mixed-colour-PVC scrap
is the lack of motivation to clean the grinder betw different coloured scrap runs. This
mixed-colour regrind is the most difficult to usedaat the moment mostly sold. Elimi-
nating is a good starting point because of thefehamd diligent person taking respon-
sibility in the scrap room.

Formed scrap is collected in carts and ground aifteextrusion run or during it (long
extrusion runs). Start-up waste is collected idspdifter grinding, regrind is put in a
small or big bag. The problem here is that therethabe a lot of regrind to fill a large
bag. On the other hand, if the warehouse is fubrogll bags, their use becomes more
difficult due to an increased number of collectiamsl a blurred overall picture. During
inventory it was noticed that small bags being @thall around the production hall, is a
risk for making mistakes in balances. These mdseffbat” if they are deleted from
the virgin material balance but not added to thyginel balance.

When it comes to recycling, there is one good examipnodel in the case company’s

own production. Plasticized PVC is well re-usedefEhare enough grinders near to the
lines, systematic storing of regrind in labelledbgme cans, the inventory turnover is
fast and people have good a comprehension of veggind type can be used in each
product and what regrind ratios are suitable. Thstgized PVC unit was almost a

closed-loop system, so it served as a benchmarkodgel during research. There were
still some things that needed improving like wetgstrips which were not recycled and

more space was needed to store made regrind bratliaves unit worked very well.
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5.5.2 Scrap and Made Regrind

Figure 23 below shows the actual scrap percenthgeplanned scrap percentage, the
Group’s target and the most optimistic level. Thédn the chart is from the year 2015
because there was not any available corresponditayftbm the year 2014 in the BI-
program.
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Figure 23 Actual scrap percentage, planned scrap percentdge Group’s target for
the future and the most optimistic level

In March, October and December the actual scrapep&éage was equal to what was
planned and in March it was within the Group’s &rdn the other months and espe-
cially in the high season in summer it was muchéighan target. The biggest differ-
ence between planned and made was in July. Theipé&bkvember is a result of many
new products and their higher scrap percentage.

Collecting of formed scrap to carts needs sometfineng. Long and thin profiles were
often dragged over the floor. Contaminations likestdmay stick to the profile and be
spread to the regrind and cause surface qualigctietluring re-processing. Carts also
need a clearer location system that indicates fu@re they can be collected for grind-
ing. Without a clear visual control system, theya irisk that the carts are collected from
the production hall for grinding before the scrapven marked to a work order, or if
required, a sample taken. The carts also needtensyghich tells what plastic they in-
clude. Sometimes it is written down on one proffil¢ if not, it becomes tricky for the
person responsible for the scrap room to recogiieeplastic type and mark it as cor-
rect regrind type.

Profiles with a combination of copper wire and ptasnust be separated to be able to
be recycled. Plastic profiles go to landfill duepmssible metal contaminations but cop-
per can be sold. At the beginning of the reseazcpper was separated mostly by one
motivated employee only and adventitiously by otm@ployees. The difference in sell-
ing price between combination of plastic and codpera 2.00 €/kg) and pure copper
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(4.30 €/kq) is significant. That is why the lacks#paration does not make sense from a
financial perspective, especially now when the asii@ of copper has been moved
from customer to the case company.

It was noted during the observation that the maylapstem of regrind was too vague
and not clear enough. Only the following informatiwas marked on a bag: the date of
grinding, who ground the regrind and the name efglastic (not the code). Sometimes
not even that information was marked. If thereas enough information on a bag, the
employees cannot trust what is inside. For peogie Wwave not worked in the case
company before (like me), the use of nicknamedgiiberent regrind types does not tell

enough. This system has to be made so easy thatnewe people know immediately

what is inside a bag. This is highlighted more wimaw temporary employees are
needed to increase the flexibility of the productio

Also, the incomplete marking of a G-code, whichstéhe type of regrind, makes their
use confusing. In addition, the G-code system isghapdated but at the beginning of
the research G-codes did not correspond to virgaterral codes and not each virgin
material code had its own G-code. If one G-codee®wnany different regrind types,
their use becomes trickier when there is no cliedr between the virgin material and
the regrind. Figure 24 illustrates the old marksygtem of bags.

Figure 24 An old marking system of regrind bags (photograp8s2015)

After grinding and marking the bag, the amountaxdreregrind was marked down on a
form. At the beginning of the research, the pergsponsible for the material collected
this paper once a week. The frequency has beerased but still the made regrind
balance is not in real time and not efficient erfoughe production control person’s
work becomes complicated when the balance of rdgiiags.

5.5.3 Used Regrind

Appendix D shows charts of made and used regrm the years 2014 and 2015. Fig-
ure 25 shows the distribution of regrind by mateypes in the year 2014. The data is
from the ERP and Bl-programs. It should be consid¢hat some material codes have
changed.
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Made vs. Used Regrind in the Year 2014
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Figure 25 Made and used regrind per material types (ERPpiigram)

G-8000081 is absolutely the most made and alsanttst used material type. This con-
sists of rigid coloured PVC. The problem is thatieye amount of made regrind re-
mains unused and this is why the largest potehéslin this rigid mixed colour PVC

regrind. G-0000381 white rigid PVC has a bettenaibn in percentage terms. The
poorest usage of made regrind is with G-2000013&t T$ coloured ABS. Code G-
3500050 is not used anymore but G-3500051 is fos@. RVhite foam PVC is mostly

used but, as mentioned before, coloured foam P\&S golandfill.

In general recycling of materials should be congdelready in the beginning of the
product development project. There were many ratena@s which are not most suita-
ble for recycling. PC and PS are tricky to re-useduse they lose part of their optical
properties during re-processing. Also glass fidestic, a blend of wood chips and plas-
tic and a combination of plastic and copper aréadilt to re-use. Furthermore the use
of regrind is not systematic enough and suitabdgimd ratios for certain products and
materials have not really been studied by usingngific methods. The shift leaders
have studied regrind ratios a few times but regratt tests are still a grey area. The
problem may be that the ball about using regrirslbeen thrown to the production, but
it has not been planned and studied enough.

The use of regrind is not reliable and easy eno@gte employee put it well; “If you

use regrind, you just make your day more diffi¢degrind ratios and products that are
suitable for feeding recycled plastic are foundpbgctical experience. A profile X is a
good example. It has a large sales volume, itgsdoid heavy, has low specifications
and can be made entirely of mixed white regrinds T why it also has a big cost im-
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pact. Finding new products like that with low sgieaitions will become important in
the future. If regrind is used and problems ocaurirdy extrusion, the first thing done is
usually to leave regrind out of the feeding. Tlsisinderstandable because usually there
is haste in the production, errors eat into valegiroduction time and new scrap is
formed. The used ratios vary which also makes thput variable. This is not desirable
because if the properties of a product also changeare not known, there is a risk that
in reality the product does not meet a customeqpeetations.

Planning the use of regrind happens mostly in ekiyeaeeting where the next week’s
runs are scheduled. In principle, this is a go@hidecause shift leaders, the production
planner and the production manager are all in #messession. Coming together like
this can give a better understanding of any lingitftactors or issues to be taken into
account. On the other hand this is a manual apprdadhe case of regrind, if it is de-
cided to use it in a certain product, at the toghaf work order it should be written
down for instance: “use scrap”. This is not thodowmough and does not make produc-
tion employee work unequivocal. Also, during a wesdetings there are so many other
things to remember that thinking about use of rejmay be forgotten.

The attitudes towards the use of regrind hindeus#s. During interviews it emerged
that many employees do not understand that regontt be a valuable raw material or
that reducing scrap and increasing the use ofmégrould have a huge financial poten-
tial. Also the attitude “everything or nothing” megative, because even if a small ratio
of regrind is used systematically, at the same fionmation of scrap is limited. Made
scrap, made regrind and used regrind were notlgigibough in production. After an
extrusion run scrap and regrind was taken away filoeneyes and at the same time
maybe also away from the mind. In addition, mosthefemployees were not motivated
enough to use regrind. At the same time there weree employees who were very
motivated and frustrated because of the attitudé éwen worth of try”. The motivation
and direction of people who are reluctant to chamgémportant in getting all of the
organization to work towards a common goal.

5.6 Information Flows

Transparent and efficient exchange of informat®mecessary in extrusion production
because currently it is largely manual and veryedeent on the performance of the
operator. Also information sharing and good intégrabetween sales, R&D and pro-
duction is important in a customer-orientated besshenvironment where product de-
velopment projects may take a long time in desigrand producing suitable profiles
for the customer and at the same time finding fabke and efficient production meth-
ods for the case company.

Overall, during observations, discussions and we®rs it was noted that information
sharing works well horizontally (especially in tday shift). It is direct and open but
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depends on one’s own activity. For instance, inftron sharing between production
and maintenance was substantial and active.

Vertical information sharing was not as good aszomtal information exchange. A
possible reason is the physical distance betweenwvib floors. Employees from pro-
duction did not take part, other than in morningetimegs and responsibility for trans-
mitting information forward to floor level is lartyedown to shift leaders and partly
managers when they visit the production. It is harbahaviour that when you have a
lot of things to remember something may be forgot2uring the discussions it became
clear that sometimes employees were informed abuers taken relatively late. Espe-
cially when introducing new products with higheragt percentage, it is important to
plan the work together between managers and engdoy@ne employee said “you
should have a crystal ball to forecast what wilbpen in the production on the follow-
ing day”. It should be remembered that this maybethe whole truth because often
negative experiences are emphasized. People reméetber events when they have an
experience of being badly treated than events whey have been treated well. Also
how guestions are set is an important point aneceffhow people answer. (Baumeister
et al. 2001.)

When shifts change, exchanging essential informatietween the previous and the
next shift is important to avoid making the samstakes again, to be prepared for pos-
sible extrusion problems and to know if somethimgigual has occurred. At the mo-
ment information sharing depends on if employeestuw@do it in their own time. Usu-
ally the next shift came in 15 minutes before thvearking time. Not all employees
came earlier and that is understandable if thegatayet monetary compensation for it.
In these cases there is a risk that the next erapl®y/not prepared enough and an extru-
sion problem could occur. However, because of esipemmachine time, material costs
and ripple effect of problems, 15 minutes of wogkivours pays for itself very fast.

After Lean-philosophy was introduced in the cassgany, many channels to convey
ideas have been opened. Idea boards on the liggebkem solving board and a repair
request board in the maintenance room door are @rarof great ways to express ide-
as. Another area where the activity of the empleyeseds improving is the use of the
Visual Planning & Production Follow-Up program. Theasons for the lack of re-

sources or a quality reject were not always wridemwn. This is important especially

after an evening and night shift when there areefepeople working and conveying

information forward. Sometimes it was unknown wpetblems occurred in the night

shift. Overall this issue has improved during thesarch but still needs attention.

Sometimes decision making took too long. Brown fd&#C window profile with high

scrap percentage was a good example of this i3fieephysical distance between the
internal supplier and the case company complicdéession making when communica-
tion happens only by phone or computer or by wigitilt was observed that sometimes
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after making decisions on actions, tasks wereufin the air. Sometimes the progress
of the project was delayed while waiting for som&sranswer. If decision making is
concentrated on a few people, who are already mesy, they can become bottlenecks
in the project.

5.7 Daily Managing and People

It was great to see that there was partly a reahtgpirit in the production between shift
members. During difficulties employees combinedcésr to solve the problems. Of
course, like in almost every organization, notgat along with each other, but mainly
the teams worked very well together. In the begigrof the research when the produc-
tion had not moved to teamwork, the employees agack their eagerness to work to-
gether more as a team. And that, | think, is gaesat shows potential with reference to
Lean-philosophy.

There were some really talented employees workmghe production. | saw over-
whelming commitment to the job and the companys#@mne time | heard during inter-
views that not all work is evenly distributed andhly motivated employees sometimes
do also less motivated and less hard-working engg@sywork. This is not fair and car-
ries the risk that really deserving employees Ithe®@r motivation. Some employees
expressed frustration because they felt that eslare paid based on time rather than
created value. Also some lack of discipline cameiowevery interview. Some inter-
viewees felt that there will be no penalties everihie case of the outright neglect of
tasks. In addition to discipline there has to becaifirse also support and encourage-
ment. In this area employees were mostly satisfretihappy.

Working in the current extrusion process is chgieg and sometimes hard. If employ-
ees are loaded with too much work, the risk of akiss increases. This is why listening
to the employees’ feelings and having empathy igortant. During the work in pro-
duction it was noted that a night shift is tougld gamone to human errors. It was also
observed that many of the problems occurred imitjet shift. This is why design prac-
tices and the production plan should consider gr@pmance level of night shift.

Because it appeared in many interviews that thet wimgous reason for formed scrap
are new unskilled employees, a longer familiar@atiime can help to reduce scrap.
Some employees felt that it is not long enough dne to a wide product range and
large raw material variety handling all details ¢@nchallenging.

5.8 Afterword Regarding the Current State

As previously discussed, previous chapters focuslerelopment issues. This should
not lead to a misunderstanding tladitthingsin production were not well. Overall, the
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current state in the case company has great oppibetifor recycling and there were
more positive than negative issues in the prododiimd other operations.

The first good point and a competitive advantagies own internal raw material sup-
plier. Communication between supplier and produci® much easier and delivery
times shorter than if the supplier was externais Hives a huge advantage when raw
materials of products can be tailored to meet enstcspecifications. Recycling is also
easier if raw materials that are difficult to releycan be modified. These two units also
pull well together.

Regarding inventory and material management hae t&aid, that buffers are decreased
at a low level. Especially with the end-product @ause buffers are extremely low. In
the view of Lean-philosophy this is great when tieed for inventory is minimal and
only small capital is committed to inventory. Overthe flow efficiency of virgin raw
materials is good.

One could observe an innovative atmosphere abautpneducts and tools in the com-

pany. Enthusiasm about new products was greatet@iseé the mental threshold to try

challenging profiles was at a low level. Succesmoabe achieved without bravery and
self-confidence and these are not problems in dse company. Sales, production and
tool departments were all open-minded to new ideasthis was good to see.

During the observation and work in production | wvaamazed at how good practical
skills the employees had picked up, because aleastthing from tool assemblies to
quality reviews is manual. Many things have to éermed through practise and | really
take my hat off to the employees who are able todleait because theoretical
knowledge alone is not enough. Also office workexpressed good commitment to
making processes and activities better. When algmoloccurred, the root cause was
found out and corrective actions were made. Mangplee including shift leaders

worked long hours to fix problems and that showsmmitment.

Many managers expressed great enthusiasm abowtingcgnd this is the best possible
opportunity for it. Using regrind was tried with maproducts and facilities for recy-
cling were purchased. Also raising a question albowt recycling could be done with
higher ratios, is a good starting point becaus@out the support of the managers and
their eagerness to find solutions, it would be muonchre difficult or never even tried.

Overall, when | started the research | was podjtiaenazed at how well everyone ac-
cepted me. Employees were open and helped mendnéot | was (with poor skills and
lack of practical experience) working in the proglme and asking (also very simple)
guestions. No one refused to be interviewed amd treankful about that. Also, already
admitting their own weaknesses (which all orgamirest have) shows their openness
and the eagerness to develop their own processiegpamations. | am sure that improv-
ing the extrusion process towards a closed loogsyshows great promise.
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6. IMPROVING EXTRUSION PROCESS TO-
WARDS THE CLOSED-LOOP SYSTEM

The closed-loop system has to be a common goah®entire organization. It starts

with a vision and continues with making a stratdwpt supports the other targets of the
company. (Wills 2009, p. xiii, 30.) As with everyrategy, moving towards the closed-
loop system is a choice between alternatives amelqiiires a long-term commitment

from the entire organization. (Heikkila & Ketoki2D05, p. 29-33.) On the other hand, it
can produce value and act as a competitive fanttingé environment where green val-
ues have got more and more importance. The abdlitye cost competitive, forces the
company to use valuable resource as efficientlyossible.

In the previous chapter there was a list of develept issues that cause scrap or ham-
per the use of regrind. In other words issues phatents the closed-loop system from
being realized. In this chapter those issues frioendevelopment areas (found through
observation and interviews, see Figure 26) aremgied to be solved according to
Lean-philosophy and especially using the four Ledas by Spear and Bowen (1999):

1. All work shall be highly specified to content, seage, timing and outcome.

2. Every customer-supplier connection must be diract there must be an un-
ambiguous yes-or-no way to send requests and ecesponses.

3. The pathway for every product and service musiraple and direct.

4. Any improvement must be made in accordance wittsthentific method,
under the guidance of a teacher, at the lowestipleskevel in the organiza-
tion.

Information Flow
Material Flow (Virgin raw materials)

Material Flow (Recycled raw materials)

. Desired
Raw Inventory Input: . - Output
Material | and Materiall - Rafw material Extrusion Production Process - products
- Information
Purchase] Managemeny . Maintenance r ——————— 3

Managing and People |
- _ )

——— — — — — — — — — — — — — — —

Figure 26 Developing areas in the current process

It should be noted that processes, not individaskg, are under development. They are
important but individual tasks cannot themselvdsea® organizational goals and none
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of them matters if the overall process does nokw@tammer & Champy 1993, p. 35;
Gray & Starke 1984, p. 175.)

6.1 Raw Material Purchase

Overall, if a closed-loop system is desired in¢hse company, it has also to cover the
internal supplier. Structural mechanisms, functianachanisms and strategic mecha-
nisms can all be used to integrate these uniteietyjether and to achieve the common
goal (Heikkila & Ketokivi 2005, p. 176). Processd#aunits have to be compatible with
each other because the output of the internal mrmatts as input for the case company,
So getting the desired output from the case compaguires also the desired output
from the internal supplier. When the recipe of maw material is planned, recyclability
should be one criterion.

When decisions are made about another unit, itldHmeitaken into account how it af-

fects the other unit and if there is any effect deeision should be made together. A
functional mechanism for integration is increasfrgguency of meetings at different

levels of employee of units. An interest for thiasmoticed also during interviews. It

was great to hear that some employees from thecoamspany wanted to visit the inter-

nal supplier more often to be able to improve thecess for both parties. A strategic
integration method could be turning a strategy ofaged-loop system into both units’

language. (Heikkila & Ketokivi 2005, p. 176-195.)

Integration becomes crucial when dealing with patsiwith exact and difficult colours.
In the internal supplier’s production there is mkn®wledge about the materials and in
the case company’s production knowledge about tbéygtion process. Defining rules
for new products together helps both parties’ ojpmng; the internal supplier knows
what the end product requires from their operatamd at the same time the case com-
pany knows how the raw material behaves in prodocind how it should operate to
achieve agreed properties in the end product.imhjportant that agreed extrusion condi-
tions are always followed because without the adletl input and process, the output
varies. Both, the prepared raw material and theprnduct, should have agreed toler-
ances regarding colour. With products that arelehging in the view of raw materials
BATCH-number used in a raw material bag and onwaadproduct, could help to keep
track of used raw material if a complaint from thestomer is received. Fast decision
making is primary because every time when a ravwer@twith insufficient processing
properties is extruded, more scrap, lost labourdi@md other problems increase the
costs caused by the raw material.

Finding direct and unambiguous communication chisnnetween the internal supplier
and the case company is important for both. Em@sye extrusion production are the
customer of the raw material delivery process &eit feedback is an important part of
process control (Martinsuo & Blomqvist 2010, p. I&)this context we can rely on Rule
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2 (Spear & Bowen 1999); every connection must badsdrdized and direct (Spear &
Bowen 1999). This rule is useful with referenceataouple of previously mentioned
observations. The first issue where it can be usélde question of quality and homo-
geneity of raw material. When the number of handedecreases, the opportunity for
errors also decreases due to avoiding the brokenepkffect (Madison 2005, p. 264-
265). There could be for instance a pre-designed fan paper or online. An example
of a pre-designed report is given in Appendix F.@88king the employees directly what
the symptoms of a problem were, the message ig@atithand unchanging. In this way
one could construct a timeline to deal with prokdéimraw materials and improve them
to meet better the requirements of the case conparirusion machines. For instance,
if some raw materials get more feedback in relatmaxtrusion problems, it should get
higher priority (if it is also produced in high aomgs).

Another issue where Rule 2 (Spear & Bowen 1999)dctwe useful is reclamations.
Under the current procedure the message does nw¢ straight where the problem
occurs if the employee him/herself does not makd¢aneation. Here a pre-designed
form would be useful and it would require a samgflenaterial and profile or at least
photos (see appendix F). With sufficient documeéoathe problem solving and pre-
vention at the internal supplier becomes easierti@rother hand, doing reclamations
has to become more active. Without reporting proislethe process won't improve.

The third issue where direct and fast communicatimennels without wasted steps are
needed are cases when a shortage of raw mateddésly happens (see Figure 27).
The first priority is to make the calculation of teaal consumption reliable but if mate-

rial runs out anyway, there has to be a specifig twaact according to Rule 1 (Spear &
Bowen 1999). When an employee notices a shortagawimaterial, he/she should in-

form about it straight after noticing. A long chand physical distances could be by-
passed by a chat-software which connects the aaspany’s production, the produc-

tion planner and the internal supplier. After th@ice about the shortage production
planner could confirm the shortage and order mawe materials. At the same time the
internal supplier is aware as soon as possiblestalide to take note of a shortage in
their raw material production.
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------------------------------------------------------------------------------------- Material Flow
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Figure 27 The current procedures and the shorter commuraoathannel between an
employee from production, the production planned #re internal supplier

Testing of raw materials should always happen leefi@ivery. If something unusual is
noticed in tests, it is not acceptable to deliveo ithe case company. It takes more time
to fix the problem, causes more shipping costsaeidys delivery of replacement raw
material, if it is noticed in the case company.dAlthe mentality of “Let’s try a second
raw material in another product rather than primamg” or “Let’s try if it works any-
way” carry a risk that the raw material, which didt meet requirements, causes prob-
lems and costs more than the simple cost of a ratenml bag would have been. An
alternative but not so recommended method is teeagn products which are easy and
possible to process with unplanned raw materiadl that are possible to process with
“secondary raw material”). This requires a riskesssnent and estimating the extent of
the problem at the internal supplier before shigdimthe case company. The problem
is that unusual raw materials usually have randeasans for as to why they do not
meet with recommendations, so agreeing on prodoctgvery unusual property be-
comes difficult and there is a risk that products bt meet an external customer’s
needs.

6.2 Inventory and Material Management

There are three things above all others; systeni@again), real-time and reliability. As
previously mentioned Rules 1 and 3 serve as usafotovement platform (Spear &
Bowen 1999). Because the devil is in the detdilwalk has to be highly specified. Es-
pecially in the calculation of material consumptgmall details can have a huge effect.
When responsibilities are well known, the outcomk e better because when some-
thing is everyone’s problem it becomes no one’dlem. (Spear & Bowen 1999.). Or-
der and cleanliness of the second floor storage baen improved significantly after a
dedicated responsible person was appointed.
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6.2.1 Facilities

Current inventory system is somewhat insufficid@rite biggest deficiency is in the in-
ventory counting system with symptoms of missing raaterial bags, high frequency
of inventories and relatively big corrections. Aiversal product code (UPC) or a bar
code with a visual control system could be onetgwiu It is fast, accurate, gives con-
tinuous information to managers, reduces the neegdriodic reviews and gives sim-
plified control. (Stevenson 2012, p. 560-561.) Ekstem follows a strict protocol and a
visual control which is shown in Appendix E. Thews the UPC system requires a few
additions; scanners and small computers in foskldn additional program integrated to
the ERP and the possibility of weighing a bag afterextrusion run. Overall, the raw
materials have a simple and specified path whiculshnot change unless the protocol
is extremely redesigned (Spear & Bowen 1999).

The outdoor storage should be used only in the ciseere not being space in the sec-
ond floor storage. Regrind especially should berereto facilitate its usage. Shelves
could help to store raw material bags in a morewimed way because if they are in a
large disorganized line, the first in - first ouethod (FIFO) does not work and raw ma-
terials stagnate. (Rosato et al. 2000, p. 562.)

Production has shifted to teamwork. This conceplccbe used to form better internal
logistics because employees felt that the intdogastics coverage is sometimes inade-
guate. Employees who are good at getting produntts shape and solving extrusion
problems could focus on the runs and less skillagleyees could operate the internal
logistics. Because extrusion is vulnerable to ewkdisorder, especially with difficult
products and start-ups, the presence in the limapsrtant. In these cases it would be
helpful if packing and picking up packing materiatsuld be done by an internal logis-
tics person. For instance building pallets for foBWC profiles takes labour hours that
would be better used monitoring the process.

6.2.2 Calculation of Material Consumption

Calculation of actual material consumption needsdasign. It should turn from manual
to more automated due to continually reoccurringhém errors and lack of accuracy.
Small mistakes especially with foam PVC profilesd@man the calculation of material
consumption can during long runs cause errorsdrbtilances due to changes in dimen-
sions and/or density.

The solution for more reliable calculation of m&kconsumption could be a measuring
device connected to a feeding unit which calcul#ttesamount of used material in kilo-
grams. However, even if there was a measuring dewibich determines the total
amount of used materials in kilograms, it is exeegmmportant that information from a
measuring device is written down at the end ofadpction run. This should be high-
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lighted for employees because they have a hugeme#plity in that. Also using disci-

pline becomes topical for shift leaders. Overdusiaoconsumptions could improve in
long production runs if the person responsibleniaterials, collects consumption from
measuring devices once a day and compares it towdsaplanned. If actual quantity is
much higher than planned (at that stage of the, ru@)she could warn a production
planner. Especially with foam PVC weighing metreighés does not lose its signifi-
cance because it provides a good indicator abaaess performance.

6.3 Production Process

Recommendations for development areas in produgtiiooess can be concentrated on
two concepts; systematic organized approaches aodl knowledge about the process.
Rather than learning through trial and error, aiwés should be done more in accord-
ance with the scientific methods (Spear & Bowen998®uring observation it became
clear that many times scrap, rush and problemsdchale been avoided if there had
been clear and proven rules how to act. Due ta@dméinuous nature of extrusion pro-
cess, it should be operated very carefully to aunmdanted surprises because extrusion
problems can have huge financial impacts (Rauweraida, p. 763).

The extrusion production has been chosen as a p&eerof the value stream because
in the case company it is the major process whgn@duct takes the final form to the
customer (Rother & Harris 2008, p. 1-2). It ista tentre in developing recommenda-
tions and other support processes should be symeearound it. However as noted,
cooperation between production, R&D and maintenavitdead to better matches be-
tween new product and capabilities, reduced matwfag costs, improved quality,
shorter time to market and creates conditionsrftagrated knowledge-based approach-
es across these three functions (Olausson & Bendifi#?).

6.3.1 Extrusion of Established Products

Because the extrusion process in the hall staris @ollecting work orders, product

cards and samples, the input information shoulddbable and up-to-date. Printing

work orders and products cards with the latestrmédion, when an extrusion run is

about to start, is recommended. In this way algorigk could be eliminated, that prod-

uct cards in the production hall would not be updatroduct cards should also have
all the special information about what is neededssemble a tool, set the line ready for
production and use photos, if possible. Nothingusthoely on supposition or talk, be-

cause it has been shown to be a source of errors.

Start-ups should have strictly controlled procedu&et times for start-ups help to plan
production and avoid situations where delivery slae hard to achieve due to underes-
timated start-up times. Raw material should nofdakinto the hopper until everything

else is ready. These procedures were not sketechduis study, because rather than
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making rules from outside, they should be madeshyns of employees because of their
personal experience and ability to influence tHesfLaamanen 2002, p. 256.) After a
specified pathway has been agreed on, it shouldh®ige (Spear & Bowen 1999).

Extrusion conditions should be tested and approlfdtie range of the noted suitable

conditions is wide, iterations may be required ital fthe best possible ones. Iteration
process could be facilitated with the use of corapubecause they can monitor and
save used temperatures (to the memory). In linesravintegrated computers are not
available, it is necessary to record all operatiagditions on a pre-designed document
until equilibrium is attained. Collected informati@an include: set point and extruder
temperatures, melt pressure, melt temperatureuastrload, screw rpm, feed rates,

dryer conditions, take-off speeds, take-off equiptrtemperature, pressure associated
with take-off equipment, vacuum level, product ayahnd product dimensions. (Giles

et al. 2005, p. 68.) Final data depends on theymtod

It should be established if the rush in the proucts real or is caused by bullwhip
effect. Many times | heard that customers rush whthorders. Making transparent in-
formation routes across the supply chain and depgrah the end customer’s demand
could help. This area was not included in scopthisf master’s thesis but did come to
mind. However, reducing time pressure is importagetause it increases the risk for
mistakes because careful actions are easily igndieel problem with acting hastily is
that new issues most likely occur, they increaseptiessure again and the rat race starts
again. Even if there is pressure, one should calwndand follow procedures to avoid
undesired results because loss of control was wbdeespecially when there were a lot
of orders for production.

If a problem occurs with an established productdoe reason or another, making a
written plan with a functional activity flowcharind clear responsibility areas could
help to avoid grey areas, make the progress optbgect easy to follow and speed up
problem solving (Madison 2005, p. 23). It is im@ort that all people who are responsi-
ble for a certain step of the project are speciied there are deadlines for all steps.
Making a written plan and a chart can come acrgesklaorious and slow, but proper
documentation of the plan is a good opportunityetuce the entire project’'s lead time
when responsibilities are not left to float.

Analytical methods during troubleshooting are e8akto avoid a guessing game at
best. After employees have learned their own staimkd work and know it thorough-

ly, troubleshooting with scientific methods anddeag people how to solve problems
intelligently, is a way to create a learning orgaion. In the Appendices A, B and C
there are some example tables that can be usedtagture as to how a problem could
be solved. These tables are recommended to suppiemployees’ own notions. It is

important that there is a pathway showing how tlesitooting is constantly done be-
cause any variations hide the link between theectisre action and the result. (Spear &
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Bowen 1999.) With products that cannot be fixedirduthe same run, constructing a
timeline could help with reducing delays in the hex, because it is easier to remem-
ber the last run and avoid making the same mistagas (Rauwendaal 2014, p. 766).
When identifying the potential cause and makingexdive actions, following the Soc-
rates fashion of iterative problem solving is oreeywo get employees to make changes
to the extrusion process that are based on sens@nnguesswork (Spear & Bowen
1999).

6.3.2 Extrusion of New Products

The border between a new and an “established” ptoshould be more dynamic and
integration between production and R&bmewhahigher. This area produced differ-
ent opinions during the interviews; partly it perfeed well but partly it needed fine-

tuning. If a product passes the test runs well,dfter turning it production ready, the
“established product” signals problems, its pripshould rise again, especially if its
demand is expected to grow in the future. Extrugimblems are often so complex that
solving them fast and efficiently requires input oaly from production but also from

R&D and maintenance. In cases where the problemrasv material-related, input from

the raw material producer is also needed. (Rauvargfd 4, p. 765.) It is recommend-
ed to slow down and solve the problems correctigightt away, even if it required

more resources, because the total amount of usedrnmses will probably grow, if issue

was left hanging (Liker 2006, p. 38).

In a process organization teams of employees shmaud the right to influence the is-
sues that affect their work and according to Leay improvements must be made at
the lowest possible level in the organization (Nigen 2007, p. 40). On the other hand,
as mentioned many times before, they have a goodlkdge of the reengineered envi-
ronment, which can be valuable during improvemg&nirigik 2016). Involving employ-
ees more in test runs can have many advantaggsat@enore committed, transmission
of important information about a new tool is mofteetive, they are more prepared for
new tools and they might have useful informatiomwibmanufacturability. Also, be-
cause in many interviews it was found out that neany times important parameters
were missing before production, planning first pretibn runs carefully together could
reduce employee frustration and formed scrap. Hewegetting people to participate in
test runs needs good leader skills. If an emplageafraid of new products, he/she
should be encouraged but if it is all about thd latmotivation, discipline should also
be used. A good time to delegate participantssbrtens is the morning meetings when
most of the people are together.
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6.3.3 Quality Control

A prerequisite for quality control is a good knodde of the product and customer
specifications. New employees should have adequat@ng for quality control be-
cause extrusion is too expensive a process forsquesnd learning through trial and
error. The shift leaders carry the responsibildy this or one of the more experienced
employees should be authorized (this must be agresdust assumed that someone
will do it). You have to know your process and whanployees change from a well-
known line to an unfamiliar line, they need moremort and guidance from shift lead-
ers (Giles et al. 2005, p. 251). Without properdguace about a product and what should
be paid attention to, a packing person runs thkeafigpacking failed profiles.

Quality control has to be fool proof, unambiguousl ghere must be pass/fail answers
to all questions. Working in a three-shift rotaaigactor to be considered due to raised
human error risk. Poka-Yoke is a useful way to prenquality control indicating “pass”

if it is in reality “fail” because of human errohlso, all products which have tight col-
our or gloss specifications should have measutaldeances with pass/fail answers.

Team work helps in the quality control operation&glking back and forth in the line is
waste of time and hampers quality control. Alsoewla problem occurs, according to
Murphy’'s Law, another problem occurs in anotheelim these cases the team work
shows its value. It helps to keep the extrusiorc@se under control, if another person is
at the other head of the line. The packing personact as a sensor and visually meas-
ure the actual quality and standard. If she/hecastisomething unusual, a start-up-
person is called to bring extrusion under contgdia. In the feeding head of the ex-
truder, a start-up-person observes the melt floa atther equipment-related factors.
Communication between these people intensifiesimomtis quality control but also
requires good communication because “the left tenwdild know what the right hand is
doing”. (Trade 1995, p. 8.)

6.3.4 Maintenance

Basic maintenance by following the set program #xaer line must be adopted as a
weekly operation to avoid unexpected problems.dintenance is done on Friday even-
ing, it is easier for Sunday night’s shift to stams. However, shift leaders are respon-
sible that the program is being followed. They hawvembrace the role of leader and
the responsibility that the team performs all redaitasks. The benefits of basic tool
maintenance (cleaning) have also been shown iprdstise.

When the line is empty for a long time someone froaintenance could be delegated
to perform deeper maintenance like reading screhbamrel wears which have a signif-

icant effect on the output of the extruder (Stew20d5). Resources for deeper mainte-
nance are also easier to allocate if simple wesldyntenance is done because then is-
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sues noticed (not critical or topical but considei@ the future) could be written down.
At the end of the research the frequency of plamepdirs was increasing and it is posi-
tive to see this development.

6.4 Recycling

Recycling has to be organized and carried out so@ance with scientific methods

(Spear & Bowen 1999). Ratios of regrind should hevin and recycling should never
compromise quality (Giles et al. 2005, p. 523). P¥&pecially is thermally sensitive

material and its structure, mechanical propertied #hermal properties may change
during re-processing mostly due to ageing (Sadajebli®& Bakhshandeh 2010). To

keep output consistent there should be the exaosraef regrind which are always used
when regrind is fed to the extruder. However, réagcwithin a factory has good pro-

spects because many thermoplastics have a hightbt® be mechanically recycled

(Hopewell et al. 2009). At least small ratios cobiprocessed without extrusion prob-
lems (Frankland 2013).

6.4.1 Facilities

Overall, the recycling facilities are a good stagtpoint. There are many grinders avail-
able but they have the disadvantage that the noisiee production hall is high. The
flow of rigid PVC scrap to regrind needs fine-tugpibecause there are many lines and
employees, so the risk of confusion is real. Visugadtrol is a good way to do it in prac-
tise. Figure 28 below shows one example solutidre farget is to give a clear signal
when scrap is available for recycling.

The scrap cart is full, weighe
and the weight is marked t( A regrind-bag is weighed
WO

A small computer prints a sticker wi

information about regrind and UPQ

The code and name of ra
material is written down on
the cart (white board etc.)

: ) A bag is placed next to the scrap-ro
2 QIS PIELLES or straight to the storage if full

When more regrind is added to the same K
it is done under the same UPC code but {
balance is corrected

The scrap cart is transported
marked "For grinding"-area

The person responsible fo
grinding notices this signal

Figure 28 An example solution regarding flow of rigid PVC files to regrind

Marking the type of scrap raw material is importattcan be done for instance by
checking the box on pre-printed paper or small vhivard in the cart, but anyway it is
important that both name and code are marked dtvan.grinding” area means a taped
area which gives a signal to the grinder to pickaugart. It has to be near the grinding-
room. After grinding, a small computer prints alstir with UPC code and information

about regrind; who was grinding, the date and thdeoof regrind and the name. It is
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important that most of the raw materials have theesponding agreed G-codes. Only
the letter in the beginning of the code should geahraw material is natural (no colour

options) or already coloured. This forms a strorayed clearer link between the virgin

raw material and the regrind. When printing a sichkt is recommended that the ERP
automatically adds regrind to balances, so thatptieeluction controller and the em-

ployees have real-time information. Without reati information working and clever

decision making inside a dynamic process becomesregzly difficult.

It is important that made regrind flows efficienthgcause it ties up capital like any oth-
er raw material (and even more). This is why plgdtnn the tent should only be done
if there is no space in the second floor storagkthis would make its usage easier.

Mainly there are enough grinders but if a solufimnusing coloured foam is found (this
will be discussed later), then a grinder for theeedmes topical. Also a small grinder
for coloured PVC would help the work of the persesponsible for grinding. This

would also decrease the mental threshold to sepdititrent colours because the big-
gest financial potential in PVC lies there andhe tyear 2014 over 15 000 kg of col-
oured PVC was unused. Recycling copper wires s ahuge financial potential be-
cause the difference between clean and unclearecdgve double the difference in
price. If manual recycling becomes too heavy fa& édmployees, the acquisition of a
machine should be considered.

6.4.2 Scrap and Made Regrind

Table 5 below shows two scenarios for reducingpspexrcentage with data from 2015.
Calculations are based on the data from the Blypragfrom February-December).

Table 5 Two scenarios for reducing scrap percentage, actnaterial scrap quantity
[kg] and value [€]

Actual Scenario 1 |Scenario 2

Scrap % 10,02 7,50 5,00

Actual Scrap Quantity [kg] (159 397 119 309 79 539

Actual Material Scrap Value

(Local Currency) [€] 288 677 216 076 144 050

Spared Material When

Compared to Actual [kg] 40088

Savings When Compared to

Actual [€] 72601

Actual - Material Usage

Variance [kg] 33441

The actual scrap quantity and value is in colukctual By using the same average kilo
price (1.81 €/kQ), it is easy to calculate whaw@uld mean if scrap is reduced to level
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7.50 % or 5.00 %. Reducing scrap percentage hasrggsmpact when it comes to re-
ducing material costs. The total impact is evergbig because when the quantity of
scrap reduces, also landfill costs and the lostevalue to sold regrind reduce. A 3
Scenario can be built based on Scenario 2, wheferaled scrap is used as a regrind in
the company’s own production;

* Value of regrind: 0,7 * 144 627 € =100 835 €
* Lostvalue: 100 835 € - 144 627 € =-43 215 €

This model is very rough. Only the value of the eniad, not other costs, have been tak-
en into account. But is a good indicator how bigoaitive change reducing scrap can
cause.

Increasing the use of regrind has good premiseausecthere usually is no need for
washing or cleaning and there are no mobilizatiosts when comparing to post-
consumer plastic waste. However, the purity of gdsaa demand (Hopewell et al.
2009). Long profiles should not be dragged on tberf Profiles used with copper wire
should be separated from other wires and not ldtdp on the floor if the run breaks. It
would be also interesting to study with a microsedpopper left behind so much met-
al contamination that it would prevent the useafp as regrind. With copper profiles
fortunately the new video camera used for qualiytol informs fast if dimensions are
not acceptable. Furthermore copper wire can beraeguhfrom the profile when trim-
ming the extrusion run after a start or a problem.

With rigid PVC the only way to reduce mixed-colouaste is separating. Plasticized
PVC unit should work as a role model. To prevenalsimags being placed everywhere
in the warehouse, the simplest solution is to uaeked trash containers (with UPC).
Colours that are difficult to use, but able to lyediblack, could be collected into their
own container but the primary target is to use eadbur separately (ensure that not all
regrind is not collected to a mixed colour-contaipest because it is easy). This re-
quires that all regrind placed in trash contairisrligh quality because otherwise all
regrind in the trash container will be ruined. B&sma of the heat history of the materials
is a major factor when determining recyclabilitydahe quality of the regrind, profiles

which are seemingly burned or defective shouldogoground into regrind to ensure the
highest quality. In addition to this, regrind shibtlow more efficiently so placing trash

container inside would help that.

Re-granulating of regrind at the internal suppiger topic that was not studied due to
its large scope and the physical distance. It winelg to reduce the range in bulk den-
sity and enable the addition of new stabilizers armicants. This is a large area to
study and many things should be considered, fomgi@how much re-processing real-
ly would cost and whether the benefits are big ghou
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6.4.3 The Use of Regrind

A physical prerequisite for using regrind is thesgibility to feed two materials. This
should be available on every line. The second hedrtost important prerequisite is that
the ratios of regrind are known and the use ofinegs as easy as the use of virgin raw
materials singly. If using regrind is too compleadtor causes problems during extrusion
runs, most probably the employees will not usend & is not profitable either if using
regrind generates more scrap. The target is to niekese of regrind an automatic ac-
tion during extrusion runs (if enough regrind isaigable), even using it in small ratios
and getting the extrusion output more consistepaibge one must always ensure that
the quality is as expected by the customer.

The range of materials and products is so largefihding best ratios of regrind and
virgin material requires a project team with mensbigom R&D (they have a deeper
knowledge of the tools and materials), productidiccers (they know the boundary
conditions of the production better) and most naigd and talented enough employees
(practical experience). It is recommended that mbsgte activities are performed at the
lowest possible level in the organization. The gcbfeam should exchange information
with the sales to ensure that customer expectatongulfilled. The project team’s in-
ternal customers are the employees from the pramycso collecting feedback from
them about processing and active information exgbamith them is also essential. In
view of product properties the customer is external

The project would start with determining the matksriwith highest financial potential
and where the study should start (see Figure 2B¢r #hat a sample functional activity
flowchart and written targets would help to enstivat project progression is easy to
follow and happens effectively enough. It is impaittthat every activity is highly spec-
ified as to content, sequence, timing and outcdrast runs should be planned for every
week in the Visual Planning & Production Follow-gpgram (also work orders about
required materials should be done to avoid distorteterial balances). It is recom-
mended that test runs are done by an employee rteamber because it has a positive
impact on the implementation of the regrind use laglgs to achieve a learning organi-
zation where employees are able to solve probléemselves and improve their own
work. (Spear & Bowen 1999.)

Test runs have to be based on scientific method#jde proper documentation and be
under good control. Test runs should be shortnit lihe generation of scrap and start
with low ratios of regrind. The impact on the prdjes should be studied properly (see
Chapter 3.7.5 Common problems when using recydiastip). The person performing

the test runs has a reporting responsibility torést of the team. The project team anal-
yses the results together and makes a decisiorhemhtte move to the next phase can
be allowed. Here the studied regrind ratio coulddsted in the product run to find out
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if it works in longer runs. The presence of at {eas group representative is required.
Also the results from the real product run showdibcumented and analysed.

After establishing a functional ratio to a certamoduct or material, the automation of
the use of regrind starts. Everyone shall be madpansible for the use of regrind.
(Mann 2010, p. 77.) One way of doing this, is tolude the regrind (code, name and
balance) to the work order under other requirecensds. If the balance of the regrind is
bigger than required amount, there should be a pless mark (green box, a text: “Use
regrind” or another visual signal). (Spear & Bowkd99.) This is at the same time “a
customer promise” that the regrind ratio markedht work order is trouble-free. The
shift leaders have the responsibility to monitattthe work order is being followed and
on the other hand they should give support to eygas in the beginning. The employ-
ees in the production are again “continuous sehsmi collecting feedback from them
on pre-designed forms (online or paper form, sepefpix G) offer valuable infor-
mation for improvement purposes (Trade 1995, p. 8).

At first, before the project team has got enoudhtams, the best way to agree about
the use of regrind is to decide together in weekbetings, in which products regrind

can be used (learned through practise). The peesponsible, who writes down the

use of regrind in work orders, has updated balantesach regrind type. The use of
regrind has to be actively pursued and encourafyed.again, there have to be written
ratios of regrind, which are always followed to @msa uniform output from the extru-

sion process. (Spear & Bowen 1999.) This is sometindone but should be done more
often.

With special products that cannot be used agaiausecof tight property specifications
(like a charging hose) should get a very high jigaituring a run to limit formation of
scrap. High frequency of quality controls and usingre human resources are some
things that can be done. Also finding secondarypets for regrind could be done to
reduce scrap. Plaster made of biodegradable plasticwood chips are examples of
these products.

Coloured foams which usually go to visible placed awust have a good appearance,
are more difficult to use as regrind than otherspta. This is also a tool- and line-
related issue. One solution to this is to desigmraduct with a core of regrind and a
surface layer of virgin material because plast®sally have an excellent chemical ad-
hesion to the same type of plastic. This offer®adglooking surface but cheaper bulk
price. In this area cooperation between sales, R&® production is topical. Sales are
responsible for identifying the customers’ desia@sl openness to receiving products
made in this way. (Slack et al. 2001, p. 18.) Gndther hand, green values are becom-
ing more and more substantive and recycling pathefvalue proposition (Wills 2009,
p. XVvi).
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The use of regrind should become more visible. &lisontrol (for instance charts, sta-
tistics on info TVs) are a good way to connect eypés to processes around scrap
formation and use of regrind. This shall be dongemms of both kilo and euro because
using kilos only is misleading. The further thep@ssibility of reducing scrap and us-
ing regrind can be appointed, the better (for mstaat the line level). Reviewing the
biggest scrap sources, root causes and correatii@ns in weekly meetings is great,
but the disadvantage is that no employees aregatdart in weekly meetings. If this was
done in a meeting with employees, the impact wieldjreater because then no one can
hide from the truth. It could make people take m@sponsibility when they face the
results of the work directly. Changing the emplayeset of values takes a long time,
but is worth it because values are the biggesofaaffecting human behaviour (Elo-
Parssinen 2007, p. 47). The role of reward syst@nmotivating people is indistinct,
but building a reward system that encourages erepkyo perform desired activities
may underpin the operations and long term strafeggmanen 2002, p. 140).

6.5 Information Flows

The daily information flood is huge so separatialgvant issues from irrelevant is topi-

cal also when it comes to reducing scrap. If tigatrinformation is not available in the

right place at the right time, mistakes or probleresprobable. Transparency and avail-
ability are two key factors. One boundary conditisrthat not all employees work at

daytime when most of the decisions by managersnaige. Other boundary conditions

are the physical distance between the productigal land other floors and distance

between the internal supplier and the case compaoguse these limit daily casual

communication.

When the amount of information increases, the tislt something will be forgotten
grows. Especially shift leaders are in a criticderbecause they are the major messen-
gers to the production floor about the decisionslena upper floors. At the same time
they have probably the most things to remembemaAstioned in few sections already,
in bigger projects making a functional activity ilohart where responsibilities about
activities are recorded could help to avoid gresaar In the everyday communication
within production the use software where agreekistéfor a certain person) are written
down and after performing signed off, could hel@twid forgetting or misunderstand-
ing. The employees themselves usually come up thighbest solutions and the only
requirements are that there is visual control thatializes important decisions and
show when an activity should be done, how, by wlaom enable managers to focus on
relevant things when it comes to discipline (Mafi@, p. 53-74).

According Lean-philosophy information should moyestieam and this should also be
considered when planning vertical information rguteoutine and simple information
can be collected from downstream with the helpoifis but more complex information
requires bringing an employee from downstream &irepm to participate in a redesign



83

project (new products, necessary product changbsy mew projects etc.). (Madison
2005, p. 264-265.) This does not mean that all eygals from the production should
take part in meetings, but one suitable employeedch project would create a feeling
about being important. When rules and decisionsiiadhaily production issues are made
together, it is harder for employees to targetrtfrastration at supervisors because they
have an opportunity to influence. On the other haviten problems are solved at the
lowest possible level, this could lead to a leaggnimganization which does not all the
time need controlling from outside because peopdeahle to make intelligent decisions
by themselves (Spear & Bowen 1999).

Horizontal information moves well in the organimatibut information exchange be-
tween shifts needs strengthening. Getting monatampensation for the 15 minutes
shift exchange would probably increase presencegsr example a bonus which is
paid for employee presence during shift changesgldcloe one solution but asking the
employees themselves what they consider to be atoityis more recommended. The
main thing is that they feel it is fair and encaying.

A good knowledge of the customers and the prodwotdd create good basis for pro-
ducing higher value to them and increase commitm\fiten people realize that the
customers are paying their salaries, not the bp#se too want to produce high quali-
ty products which meet the customer specificatigdsammer & Champy 1993, p. 73-
73.) Sales people often visit the customers antylng shift leaders sometimes along to
meet with the customer, would be one way of inégnggknowledge about the customer.
Improving your own operations is not the only bénleécause at same time you show
that the customer is important to you and you wangive the best possible value to
him/her. This might deepen the customer relatignanid increase the relative customer
satisfaction.

6.6 Daily Managing and People

Due to the manual nature of the current extrusimtgss, involving, motivating and
committing employees is extremely important. Theytae operators of the process and
the performance of extrusion is largely dependentheir capabilities. They are also
familiar with the previous processes; informatioamagement (work orders, product
cards), R&D (they design products and ensure thatéguired parameters are available
in production) and raw material production (prodiiceaterial should fulfil the case
company’s extrusion process needs) so listenirthdiv feedback should be part of the
development activities. (Trade 1995, p. 8.)

Discipline and motivation are two important isswdgen it comes to the daily floor lev-
el management. The former needs some strengthbeicguse the leader’'s task is to
ensure that every important task in the productigihbe completed and the work is
divided equally (Laamanen 2002, p. 119-120). Vesibntrols (for instance made scrap
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per line-charts) makes focusing on discipline @asiethis area has a good basis to de-
velop (Mann 2010, p. 53-74). Motivation is one midpctor in addition to competence
when it comes to achieving high performance (Lawee2014). Motivating was consid-
ered to be sufficient and | observed the same.drie area where this could be done
better is justifying as to why an employee’s ideaswiot implemented. By showing
empathy, negative feelings about being ignored)dcbe possibly avoided. Negative
memories can stay in mind for a long time, affedhte attitude and also the actions.

Training and improving competence is a major fagtbhen reducing scrap in extrusion
because a good knowledge of the materials and eguipare a prerequisite to success-
ful product runs (Giles 2005, p. 251). Also becaadeer all, every extrusion machine is
unique having practical experience in the producisoat least as important as theoreti-
cal knowledge. Temporary employees are a good wayctease the flexibility of pro-
duction capability but they have also limitationsedo the lack of practical experience
of the process. Getting the good employees to consnmore recommended because
even if their capability was partly unused, they gmoduce higher value with bigger
output.

Currently many things in the production are s@liined through the method of trial and
even though this is not the most recommended wdgaim because sometimes lot of
scrap is formed a good analysis was almost alwags dfter a problem had occurred. It
is positive, that the leaders actively investighteroot cause and put actions in place to
prevent the same thing from happening again. Tinepeny delivered also good train-
ing. When teams were built, many courses for engdeywere held. This was a positive
discovery. In the end of the research also traimingneasuring colour was organized
after there had been difficulties with certain prot.

Due to the fact that there were very talented eggde in production, whose labour
input was high and valuable, the talent manageroemies topical. The desired skills

and properties have to be tied to the closed-lo@pegyy in order to allow it to be effec-

tive (Lumme-Tuomala 2015). Giving the employeesphbssibility to grow and advance

in their career is important in order to keep themtisfied and as part of the organiza-
tion. In relation to the closed-loop system they ba role models to other employees.

The goal is that everyone working in the extrugioocess becomes talented enough to
be able to solve problems themselves and improea thwn working environment
(Spear and Bowen 1999). It is great that therelisrfstance one extrusion trimming
person above the others, but this also makes tf@nmation vulnerable. What happens
if this person is not able /does not want to warkraore? Already now, when there are
many difficult product-runs starting at the sanmadiwhich can only be assembled and
started by the most talented trimmer, product charaye delayed because not all runs
can start at the same time. Decentralizing taledtkeeping the most talented satisfied
could be a good solution. The easiest solution Hre very talented people but because
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practical experience in the process is always rigesteother solution is to find few ap-
prentices to work with talented employees.

The reward systems have been mentioned a few timkse, but overall if possible,
they could turn even more from time-based to vdélased. This is already partly true in
the case company. People who create more valueettiatted could earn some extra
and on the other hand people who do not want te fieir best and who create less
value than expected could get the basic salary Wbuld turn the organization’s value
system from protective to productive. (Hammer & @ipg 1993, p. 73.)

6.7 Summary of Results

When improving an organization and its physicalBotowards a closed-loop system,
in this case the plastic material flow, a few tlsrage more important than others: thor-
ough knowledge of internal core processes throulgiclwmaterials flow, and support

processes that maintain that flow. According touFég26 the results are classified into
three categories: factors that eliminate the foromabf scrap, factors that facilitate the

use of regrind and other issues that facilitate dlosed-loop system. The results are
collected in Table 6. All recommended issues asethaon making the process highly
specified, making the connections within the preagisect and fast and following sci-

entific methods. This was done because extrusiensbamany variables that without

systematic and organised operations it is impassdbhchieve a closed-loop system.
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Table 6 Research results: things that eliminate scrap, dbithat facilitate the use of
regrind and issues that facilitate the closed-leystem

Things That Eliminate

Things That

Things That Facilitate the

Area scra Facilitate the Closed-Loop System
P Use of Regrind P>y
Better integration: coopera-
Raw ma- : . tion with difficult products,
. Improving raw materials Recyclable raw | . .
terial pur- ) . . direct and standardized com
together in cooperation materials .
chase munication channels, collect;
ing feedback from employee
Inventory | Reliable and real-time calcur
and Mate- | lation of material consump-
rial Man- | tion, real-time inventory
agement | management
Controlled start-ups, system- .
. . PS, sy Up-to-date and unambiguous
Extrusion | atic and always followed . . :
. . . input information about ex-
of Estab- | extrusion conditions, iterat- . .
, . trusion conditions, fast and
lished ing towards better ones, sys- . . .
. . effective decision making,
products | tematic and analytical trou- : ,
. cooperation with R&D
bleshooting
Involving employees in pro-
Extrusion | Determining all parameters jects and test runs, in depth
of New before extrusion runs (test interaction between produc-
Products | runs are more controlled) tion officers, employees and
R&D
Unambiguous specifications
. and clear Pass/Fail answers
Quality
measurable tolerances for
Control
colour, appearance and gloss
(if important)
Mainte- Following basic maintenance
nance program
Scrap and Separating dif-
Made Re- ferent colours
grind and plastic types
A project team, making the
Automated use, pro) . .g.
: : . .o, | use of regrind more visible
The Use of | Ratios found by following new profile X”, . .
. L ) also in the production, undert
Regrind scientific methods product with a .
. standing of employees that
regrind core . Lo
using regrind is valuable
Infor- . .
. Better vertical and between Information should move
mation . . .
shifts information sharing more to upstream
Flows
Managing | Discipline, better theoretical| Involving, moti-

& People

knowledge

vating

Creating learning organizatig

U7
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The first improvement issue is to eliminate alltéas that cause scrap. It has also the
most significant financial effect and decreasing $krap-percentage to 7.50 % from the
current 10.06 %, means already over 70 000 € savimgnaterial costs. When taking
high waste taxes, poor returns from sold regrind aither direct and indirect costs to
transform scrap to regrind (labour hours, energgrage etc.) into account, it is clear
that financial savings can be huge. Re-use ofmdgran be difficult due to changes in
MFI, different bulk-density than with pellets or wder and changes in mechanical
properties. However, most thermoplastics can bgcted and used at least with low
ratios. The use of regrind should be studied bio¥dhg scientific methods to avoid
extrusion problems and scrap caused by disorganigedIt also has to become more
automated and the used ratios are recommended dwhgs the same. It is better to
use regrind even with 5 % than not at all. Here e role of employees is highlighted.
It is possible to achieve a closed-loop system,itotatkes effort from all departments.
Everybody should share the same visible goal -aeduaste, increase the use of re-
grind.



88

/. CONCLUSION

Recycling within the company is a potential wayatéect material costs, especially in

the extrusion process where material costs canrdwié of the total product costs. At

the same time changes in the legislative environrafact enterprise dramatically due

to tightened enactments related to organic landfste. In this situation there are two
options; acknowledge the changes and continue tpesaas before and pay a higher
price for waste or turn changes into competitivends closed-loop system is an out-
standing solution to respond to changes in thereakesnvironment. It improves the

internal use of resources, optimizes cost strusiuggploits green values and helps to
give higher value to customers. It is a strategyctvinequires a long-term commitment

and participation from the entire organization. @efstarting, a thorough knowledge of
the value chain is required. Every material andrmfation flow has to be sorted out

from an overall level to a detailed level. Becatls aim is to reduce waste-output and
return formed scrap-output back to valuable inplgp the concept of processes be-
comes topical. Without having a knowledge or cdrafmout own core and support pro-

cesses improving comes impossible.

7.1 Research Process

The aim of the research was to find partly hidded mdirect sources of scrap, things
that affect the use of regrind and plan new apgresi¢hat enable the improvement of
the extrusion process towards a closed-loop sysdimpproaches should follow Lean-
philosophy because it has already been introdutduki case company a few years ago.
It also has a strong connection to the processvaitied nature of the extrusion and the
closed-loop system. The research was mostly gtiaéthecause the quantitative infor-
mation was too limited.

In the beginning of the research the knowledgentdrnal operations, value chain or
anything that affects the formation of scrap or tise of regrind were unknown to the
researcher. This is why the research problemsdaeé solved step by step. At first the
overall picture of the company and the main operatiwas gained through participant
and non-participant observation, work in the praducand finding numerical input

and output of the extrusion process (in Septemiéhen working in the production the

goal was to look at the process from “inside” wath employee’s eyes. According to
Lean-philosophy information should move upstreamtlis method followed Lean

principles. The numerical input and output datanfrine ERP and Bl-reports gave in-
formation about the efficiency of the process, ma@dste, made regrind and used re-
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grind. It told about the extent of the researchbfgm. Observations continued during
the research and were documented in a note bookand photographs were also tak-
en. The BI- and ERP-programs were used to followdenand used regrind, scrap per
item and scrap per tool figures. This informatioaswdocumented in Excel files and if
something unusual was noted, it was noted, solardlysed and documented in the
note book.

After establishing a rough picture about the redeanvironment, the interviews started
(from October to the beginning of November) in orttediscover areas where attention
should be paid to. The chosen interview methodthee interview because it was not
always clear what forms scrap and affects the @isegoind. Interviews were recorded
(bar one), transcribed and analysed. The prelimitapics in Chapter 5 are the result of
the interviews. A visit to the internal suppliesaltook place in October. The results
were analysed with the help of the literature aachgarisons to the own observations
(in November). The topics about the current statdeevestablished after the discovered
development areas were accepted in the Executimen@ibee meeting in the middle of
December. After that the search for solutions ssmbmmendations started as to how
the closed-loop state could be achieved (ChapteD&cember and January). This was
done by comparing all the collected informatiortte literature about processes, Lean-
philosophy and extrusion. Ideally, at some futuegs, no landfill or combustible plas-
tic waste is formed, all scrap (no more than pldapne transformed to regrind and all
regrind is used efficiently and fast. All operasowould be controlled, communication
channels would be direct and improvements woulddbee according to scientific
methods.

Literature was used from the beginning until the ehthe research. With the help of
literature it was found out what a closed-loop sgstequires, what successful extrusion
with low scrap level requires and how plastic carrdcycled inside the factory. Re-use
of regrind was studied only with the help of litene and previous studies. Literature
about extrusion was important because the aim assemble a closed-loop system in
the case process. Operating with low scrap lexglires also thorough knowledge of
extrusion equipment, materials and their relatigngh each other.

7.2 Research Results

It was found out that the extrusion process islehging due to its continuous nature,
many variables and susceptibility to equipment atamal related problems. Successful
operations require highly specified methods andriater to keep high quality output
consistent, the extrusion conditions should beistuldy following scientific methods in
every run (before better methods have been disedyeRestricting the formation of
scrap in the process requires that all sourcestafiggon problems and undesired varia-
bles have been discovered. Determining the optsitahtion does not limit to equip-
ment and material related suggestions. Due to theual nature of the extrusion pro-
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cess its performance is largely dependent on thforpgance of the operators. This
makes systematic methods primary when trying taezehsuccessful extrusion opera-
tions and a closed-loop system.

In addition to the primary target, reducing scrgpkbeping the process under control,
the secondary target was to increase the shaexptled plastic. It was found out that
pre-consumer plastic waste has good properties flarechanical recycling due to its
high purity and non-existent mobilization and segian costs. Most thermoplastics
have a high potential to be mechanically recycled at least, when used in low ratios,
extrusion problems can be mostly avoided. But, henvprocessing virgin materials,
also the use of regrind has to be highly scriptgdtematic and studied under control. In
addition to the study of processing conditionsgigs about the impact on properties are
recommended due to the re-processing impact orlagieal, morphological, thermal
and mechanical properties. The most common problerdnen using recycled plastics,
are formation of micro cracks, changes in colourfaxe defects, changes in MFI, wid-
ening of the molecular weight ratio, ageing whiehds to weight reduction and brittle
behaviour. The recommended ratio of regrind dependbfe desired properties.

The research covered raw material purchase, inseatod material management, ex-
trusion production process, recycling inside thetdey, information flows and daily

management and people. The main observed problesrthah there were not enough
systematic and organized approaches. Also docutimmtaontrol of the process and
iterating towards optimal extrusion conditions néee-tuning. Without proper docu-

mentation, process improvements become imposgHny areas, firefighting and other
symptoms of broken processes showed that the @aouwssds improving before it is
possible to achieve a closed-loop system.

It was found out that due to a raw material is injguextrusion process, it has to be in-
tegrated to the process and a closed-loop strateggntory and material management
ensure that all required materials (input) are latsé8 when they are needed because
without them the process will not run or it willdak between the runs (new start-up and
trimming scrap). Information flows are also in ajonaole because without the right
information in the right place and at the rightdinthe desired product with high quality
and planned features cannot be produced (produttsf gpecifications are classified as
scrap). The Lean-strategy was considered to bduahla theory when observing the
current process and outlining recommendations, Usec# has the same goal with the
closed-loop system (eliminating waste and maintgiriiow), it has a process-orientated
nature and the Group had already implemented @vwayears ago (recommendations
have to comply with Lean-strategy).

The given recommendations for each area focus @ntbaeduce factors that act as a
source of scrap and on the other hand, what appesaare required for turning scrap
into high quality regrind and using it as effectivas possible. Recommendations (Ap-
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pendix H) are classified into categories mainlydobsn processes and also responsibili-
ties of each process are named. Still, a closep-fystem is not a project that covers
just a part of the organization. It requires abamulp the traditional task-orientated
functional organization (because none of the fumstican themselves achieve organiza-
tional goals) and integration and cooperation efiinole organization.

The research about functional regrind ratios irhgaoduct is a large area to study. This
is recommended also to be a starting point forfub@e developments. Forming a pro-
ject team and cooperation between production affjoemployees and R&D is suggest-
ed in order to achieve scientific results that workpractise. Here, as in every other
development area, collecting feedback from the eygas is important. The product
improvement and changes should be done at the igassible level. However, leaders
have the responsibility to implement control methadd approaches.

Overall, | see a lot work ahead but also a hugendi@ because of eagerness to develop
and an open-minded atmosphere. Admitting that yaue tyour own development areas
is the first step on the way towards the perfection

7.3 Discussion of the Results

Due to the mostly qualitative nature of the reseaee reliability depends strongly on
the objectivity of the researcher and the abil@yfitter emotions, attitudes and values
out of the interviews. An attempt was made to dordsearch objectively and without
taking anyone’s side but already the place forimgiin the officers’ room led to a sit-
uation where | was more in their environment thatha production floor level. That
also affects the reliability of the results. Thesalso a risk of having forgotten to note
some significant issues in the interviews that olodve been important to take into
account. It can also affect the reliability of ras# if something has been given too
much importance and something else has been okedoo

Stability of the research is poor. Every day is differenthi@ production and extrusion
runs differ from each other a lot, which makesificult to find the optimal conditions.
Product changes are normal, raw materials may &and customers may change their
specifications. In a subcontracting environmerd teinormal but if the research would
be done a year later, the results would be difterens also impossible to forecast if
there are some important things in the future i@iff products, material changes etc.)
that should be taken into account. For this redkenresults should be implemented
with consideration of possible changes in the emvitent. Results may be also being
short-lived. However, some rules, like the four meales by Spear and Bowen, are
applicable to many environments.

Consistencylepends strongly on who we ask about the resgawodiiem. Different de-
partments may see the problem about scrap anchdegery differently. Because of this
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the interviews were completed with more than ongyp&nalysing observations, such

as the discussions, was a balancing act but teesierisk that some party have got too
much attention during the analysis. In order tatmesistent it should be considered that
measuring scrap or used regrind per line is na@iraniethod because engineering plas-
tics are much more difficult to produce than sortteplines. Also the amount of start-

ups and lengths of extrusion runs strongly affeet amount of formed scrap. This is

why the amount of formed scrap should be done gidiree and be compared to its pre-
vious state, not to the numbers of other lines.

Validity depends largely on the theme interviews. The tharegviews pointed out
topics what to pay attention to and also providgads for Chapter 5 and 6. It can be
concluded that the validity of the research wasdgoecause when the factors that cause
scrap or affect the use of regrind were presemtetia Executive Committee meeting,
they accepted them. They also revealed that sortteedésues were noticed before but
the research highlighted their importance. Thentermews were not highly structured
which affected the validity in a positive way. Peopvere also able to say things that
were not included in the direct questions.

Thereliability of the literaturewas somewhat affected by narrow extent of pubboat
about recycling inside companies. It was also dlitfi to find literature about a closed-
loop system in the enterprise field. Many more Esidvere done about environmental
issues, sustainable development and post-consuaste wPrevious studies show partly
opposite results about changes in plastics dugngating and re-processing. Used plas-
tic raw materials also differ from each other awdtich affects the applicability and
reliability when talking about raw materials in tb@se company. It is recommended to
do tests on each plastic raw material to be subetathanges in a certain material type.
Also exact regrind ratios are not directly avaiéalni the literature and should be tested.

Possiblesources of errors in quantitative areasme from human error and limited
available data from the Bl-program and ERP. Thahésreason why some calculations
are based on data from the year 2014 and sometarfrden the year 2015. The out-
lined scenarios are very rough, only directive shduld be treated with caution.

The research did not cover all the issues thatulgvbave liked to. During it many un-
expected things arose which would have needed stody. These include the possibil-
ity of making products with a regrind core and agwi material surface, re-
compounding at the internal supplier and solvingogxegrind ratios for each of the
main products. These should be studied furthemerfuture because especially products
with a regrind core but a virgin material surfacaild have a huge financial potential.
Solving exact regrind ratios is an extremely impottarea of study and should start
immediately in addition to eliminating factors. Hever, the research time was relative-
ly short for getting deeper into these topics dmeytare only mentioned as interesting
areas for study in the future.
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APPENDIX A: POTENTIAL CAUSES AND CORRECTIVE AC-
TIONS TO COMMON MECHANICAL EXTRUSION PROBLEMS
ACCORDING TO GILES ET AL. (2005)

Appendix A Table 1 Potential causes and corrective actions to commeghanical
extrusion problems (Giles et al. 2005, p.251-263)

=

Mechanical
extrusion Potential cause Corrective action
problem
Motor field voltage turned off Check breakers
Barrel temperatures too cold Check temperaturesaisd if necessary
Gear box oil pump not on Turn on
1. Extruder Water cooling to gear box off Turn on
screw does Foreign material in the feed throat Clean feeddhro
not turn Torque coupler in twin screw extruder Reengage torque coupler and turn extruder
disengaged screw on
Extruder exceeds load limit Reengage t_orque coupler
Reset circuit breakers
Check nameplate on motor to ensure prope
Low armature voltage
motor voltage
@illl:)ri)tMs?;cr)tr Weak fi_eldl _ _ Check for resistan?e in armature circuit
Open circuit in armature field Check for open circu
Worn brushes Replace brushes
Worn belts
Belt slippage Something prevents the extruder screw from
turning
Motor and gearbox shafts are not parallel tg
. . each other
groDl:)rIgﬁgam Belt squeal Belts are not a matching set
Belts are not properly tensioned
Incorrect number of belts for the motor Hp
Thrust bearing failure Replace thrust bearing
Bearings overheating Improper belt tension
Shafts not parallel to each other
Sudden major contamination blocks
Change screens
4. Rupture screen pack
disk in ex- Die or adapter too cold Heat die or adapter

truder barrel
fails

Wrong rating on rupture disk

Install higher presstated rupture disk

Gear pump is not running

Turn gear pump on

Increase gear pump speed

5. Bar-
rel/screw
wear

Screw, barrel and drive alignment

Borescope extruder to ensure proper align-
ment

Straightness of screw and barrel

Verify screw aaudldb are straight

Material being processed (including
additives)

Use proper screw and barrel materials for
abrasive ingredients

Use proper screw and barrel materials for
corrosive formulation

Incompatibility of screw surface and
barrel liner

Verify screw and barrel materials are both
compatible to prevent adhesive wear

Improper support of barrel

Ensure adequate barrel support that is proper-
ly aligned

Excessive loads on barrel discharge

Ensure dimjseply supported and not just
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hung on the end of the barrel

Screw design

Run the correct screw design for the materi
being processed

Feed throat plugged or bridged

Remove plug to ergwdterial flow

No resin in feed hopper

Fill feed hopper

Force rod of same material into extruder

W

er,

6. Screw Feed chunks of same material into extruder
turns but no | Plug of polymer stuck on root of screwShut down extruder dean barrel and screw
material or channel Raise temperature while turning screw at lg
limited mate- rpm — If plug is degraded this may make the
rial exits the situation worse
die Feed throat cooling not working Verify water isaitating around feed throat
Zone 1 temperature too high Lower temperaturearfitist zone
Wrong screw design Change screw
Screw is broken Remove broken screw and install serew
Change screen pack
Back pressure too high — Back pressurglockage in die
control shuts line down Melt temperature too low
Die or adapter temperature too low
Gear box temperature too high Cool gear box
7. Extruder - .
. Motor or drive problems Check electrical breakers
shuts itself —— — -
Determine if something is caught in the fee
off Screw locked up
throat
Melt temperature too low
. . Back pressure too high — Slow down extrud
Extruder drive pulling too many amps
change screens
Wrong screw design
Back pressure too high Change or remove screens
8. Melt flows Change screw with single screw extruder

out of barrel
vent

Wrong screw design

Modify screw design with twin screw extrud
er

Temperature profile incorrect

Raise melt tempeeatu

9. Polymer
leaking
around
breaker plate

Breaker plate not properly seated

Reposition breplite

Damaged breaker plate

Machine breaker plate surface to make it
smooth

Replace breaker plate

Screens plugged back pressure too h

igh Changensoaek

Bolts on die head not tightened prope
ly

perature

rTighten bolts after heating to operating temt

Breaker plate slide not moved all the
way across

Reposition breaker plate slide

10. Extruder

Screw or feed throat partially blocked

Clean faesh of blockage

Wrong polymer grade

Change polymer

Die/barrel temperature too low

Raise temperatures

Screw starve fed

Increase feed rate

(@)

throughput Wrong screw design Change screw
rate is lower | Worn screw Measure screw dimensions — Replacerifiw
than ex- Screens blocked Change screens
pected Die needs adjustment Adjust die opening

Screw needs cleaning Clean screw

Drive belts slipping Tighten or change belts

Screen pack unsuitable Change screens

Raise set point temperature

Barrel zones set too low - - - -

11. Barrel Raise set point temperature in previous zon
- barre L . Slow screw speed in flood fed extruder

temperature | Feed section is over-feeding -
override Lower feed rate in starve fed extruder

es

Transition section is too short

Use screw with kmigansition section

Screw is worn

Replace screw
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Mixing section is too tight

Use screw with different mixing section or
screw with more clearance between barrel
mixing section

and

Excessive work in twin screw extrude

=

Change screw design in sections with exce
sive heating

12. Extruder

Barrel temperatures not controlling

Check barrel controllers, verify they are
working properly

properly

May need to replace screw

surging Poor die design Change die design
caused by Worn screw or barrel Replace screw or barrel lining
equipment Die/barrel temperature fluctuations Verify temperature controllers and cooling are
working properly
Extruder motor varying speed Check drive control
Temperature too low Raise barrel temperatures
13. Poor Back pressure too low Add screens
polymer . Change screw or modify design to provide the
. Improper screw or design : L . . -
mixing required distributive or dispersive mixing
Mixing head on screw plugged Clean screw
Screen pack contamination Change screen pack
14. Product Extruder i ing t ilibri Make sure system is at equilibrium before
throughput xtruder is coming to equilibrium collecting product
variation Die blockage
over time Reduced extruder output

Feed blockage
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APPENDIX B: POTENTIAL CAUSES AND CORRECTIVE AC-
TIONS TO COMMON EXTRUSION PRODUCT PROBLEMS AC-
CORDING TO GILES ET AL. (2005)

Appendix B Table 1 Potential causes and corrective actions to commxinusion
product problems (Giles et al. 2005, p. 265-279)

Extrusion
product prob-
lem

Potential cause

Corrective action

1. Product
surging

Barrel temperature too low causin
unmelted resin too far forward in
the metering zone

Jincrease barrel temperature in transition and
metering zones

Screen pack unsuitable

Change screen pack

Insufficient resin supply with starv
fed extruder

D
" Increase feed rate

Partially bridged feed throat

Clean feed throat

Slippery additive - Starve or crammer feed

Sticky additives - Starve or crammer feed

Irregular feed

Plugged screw channel - Change temperatur
profile

(0]

Excessive fillers without enough polymer for
fluxing - Change ratio

Poor polymer quality

Change polymer

Wrong grade of polymer

Change polymer

2. Variations
in product
occurring over
time

Verify melt temperatures and pressures are
correct

Energy being put into the plastic
has changed over time

Verify extruder temperature controls are cy-
cling properly

Check environment factors - Cold air flow

Colder raw material

Check raw materials

Molecular weight of the polymer

Increased regrind level

has changed

Change in regrind type

3. Random
product varia-
tions

Feed problems due to sticky mate
rial

| Add small amount of talc

Variation in plastic raw material

Check raw matksria

Combination of cyclic problems -
Screw speed, pressure, temperatt
etc.

rionitor all processing conditions

4. Streaks in
extruder
caused by poor
mixing

Generate more mixing

Raise barrel temperature

Variation in product consistency

Raise die head pressure

Change screw for more mixing

Raw material variation

Colourant variation

Streaks appear during run

Change in plastic viscosity

Screw damage

Screw or die needs cleaning

Determine if problem caused by die

Unsuitable die

Die not assembled properly

Die requires adjustment

5. Variation in
product
strength

Change in molecular orientation -

Reduce take-up speed

Orientation in flow direction -

Reduce draw ratio

Strength increases in flow directio

nSlow cooling rate
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decreases in transverse direction

Reduce flonimade

Lower melt temperatures

Resin degradation - Strength de-

Lower barrel temperatures

creases in all directions

Reduce shear heating - Change screw desig

Shorten residence time

Cool more quickly to reduce crystal size

Change in crystal size - Smaller
crystals produce tougher parts

Add nucleating agent to promote smaller crys
growth

tal

Lower die/barrel temperatures

Plastic temperature too high

Change screw design

Change screw speed to generate less heat

6. Degradation
- Discoloura-

Reduce residence time

Exposed to high temperature too
long

Ensure no dead spaces exist in die or transit
pipes

tion, Steaks,
Dark/Black

Polymer reacts with other polymer

Replace with other additives

or additives

Verify polymers in formulation do not react

Specks, Loss of
properties

Clean screw

Screw, die or adapter needs clean

“Clean adapter

ing

Clean die

Change polymer

Unsuitable grade of polymer or

Reduce regrind

poor polymer quality

Add thermal stabilizer to plastic

Increase barrel temperature

Uneven plastic melt temperature

Increase extruder head pressure

Verify cold spots are not present in the die

7. Dull streaks

Check and correct die for hot or cold spots

Non-uniform plastic cooling

Check uniformity of cooling after die

Formulation contamination

Raw material variations

Verify MFI of the resin is unchanged

Sheet products

Die lips are not properly adjusted

Surface defect in die

Machine die surface

8. Die

Carbon build up on die lip

Clean die

lines/straight

Residue from blown screen pack

Clean die

lines in extru-
sion direction

Sizing device

Determine origin of line and correct

Take up unit

Remove interference causing scratch

Extruder and die not properly
purged from last material

Clean extruder and die

9. Colour con-

Extruder blender or hopper not
completely cleaned

Remove contamination

tamination Transfer lines not cleaned Clean lines
Inadequate premixing or feeding gf Remix original batch
colours Check feed rate
Increase rear barrel temperature
Trapped air Increase restriction in screen pack
Use vented extruder
Increase plastic melt temperature
10 Hole in Degradation of resin or additives Lower melt tenapare

extruded pro-

Resin contamination

Hole generated by previous resin or additive
Purge extruder and die

file

Cool profile slower

Vacuum void Redesign extruded shape to minimize thick
sections
Moisture Pre-dry material

Use vented extruder

Polymer crosslinking in the die

Streamline die tevent stagnation

11. Gels or
“fisheyes”

Raise melt temperature

High molecular weight material

Increase screen pack mesh to filter out

12. Gauge

Poor melt mixing

Improve mixing
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rel
T]-

to

I]

variations Screen pack unevenly plugged Replace screen pack
Burned-out heaters in screen
. Replace heaters
changer, adapter, or die
Heaters loose on adapter or die Tighten heaters
Increase molecular entanglement - Raise ba
temperature, extruder pressure and/or die te
perature
Increase length of flow path (extend die lips)
Polymer flow divided in die and n tprovide more time for molecular enta_nglememt
13. Weld line | completely recombined Increase pressure on molecules forcing then
together, increase restriction in die past flow
divider
Mix plastics after divider - After die design
Change plastic - Easier flowing, lower molec
lar weight
Remove foreign material or contamination from tke d
i Melt temperature too high Lower melt temperature
14. We.ak film Wrong resin or blend Check if using correct materia
or coating

Poor polymer melt mixing

Improve polymer mixingthre extruder
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APPENDIX C: POTENTIAL CAUSES AND CORRECTIVE AC-
TIONS TO COMMON PIPE AND PROFILE PROBLEMS ACCORD-
ING TO GILES ET AL. (2005)

Appendix C Table 1 Potential causes and corrective actions to commpe pnd pro-

file problems (Giles et al. 2005, p. 307-310)

Pipe and
profile Potential cause Corrective action
problem
Wall thickness high, decrease die gap opening
Improper die gap opening| Wall thickness low, increase die gap opening
1_' Exces- Pipe/tubing ensure die bushing in centred on mandre
sive wall - .
. ) .| Verify puller speed is correct
thickness | Improper operation condi . .
. . Verify screw speed is properly set
or thin- tions . _
ness Check extruder temperature, die and adapter setypoi
Profile slippage at caterpilt Check pulling force
lar Ensure profile is dry before reaching caterpillar
Increase set point temperatures in the last 2 zaliesnd
Melt temperature too low
2. Wavy adapter
. , Slippage is occurring in the caterpillar - verifyrrect pres-
.sur-face Pulsating or non-uniform pp_ g . ¢ . b o P
inside draw sure is being used and profile is dry
pipe or Verify caterpillar belts are in good condition
tubing Resin formulation incor- | Check formulation
rect Add external or internal lubricant to formulation
Ensure taper prior to the die land area is the gmméding
Unbalanced die flow uniform pressure
3. Non- Modify die land length
uniform Change die gap dimensions
flow or - - -
locit Purge foreign material from die
\(;Eto(;: y Dirty or contaminated die | Disassemble and clean die of carbon deposits, dedra
) polymer, contamination
different e —
leds or Verify heaters and thermocouples are functionirapprly
g : ) Tighten any loose heater bands
sections of| Temperature fluctuations -
. o Check set point temperatures
the die in die .
Insulate die
Add additional heating




105

APPENDIX D: MADE AND USED REGRIND IN THE YEARS 2014

AND 2015

Actual
Issue

(Used Kg)

Quantity
Actual

Receipt

Quantity

(Made Kg)

35T
30T
25T
20T

15T

10T

5T
0T

2014 Week50
2014 Week48
2014 Week46
2014 Week44
2014 Week42
2014 Week40
2014 Week38
2014 Week36
2014 Week34
2014 Week32
2014 Week26
2014 Week24
2014 Week22
2014 Week20
2014 Week18
2014 Week16
2014 Week 14
2014 Week12
2014 Week08
2014 Week06
2014 Week04
2014 Week02

i =
- E¥_ugT
=] T'SH
EEEEERE:
dSUUdEUM
T xrd=
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2015 Week50
2015 Week48
2015 Week45
2015 Week43
2015 Week41
2015 Week39
2015 Week36
2015 Week34
2015 Week32
2015 Week27
2015 Week25
2015 Week23
2015 Week21
2015 Week19
2015 Week17
2015 Week15
2015 Week13
2015 Week11
2015 Week08
2015 Week06
2015 Week04
2015 Week02

Appendix D Figure 1 Made and used regrind in the year 2014 and 2015



APPENDIX E: EXAMPLE PROTOCOL OF UPC SYSTEM

Reading UPC of
a palet place and
UPC of a bag

(and adding the
amount to the
program) - the
link is formed
between the
pallet place and
the raw
mate rial bag

The raw material
is received

— — — — — — — — — —

( Reading UPC of
a pallet place and

| UPC of a bag,
and writing the

| amount of raw
material [kg] -

I the link is

| formed between
the pallet place

| and the raw
material bag

The responsibility :
Internal logistic

The raw material
bag is weighed

The raw material
is needed...

The raw material
is transported to
the line in the
taped area

From the pallet
place with UPC
is reduced the
needed amount
of raw materials
(in the program)
- link between
the pallet place
and the raw
material bag
breaks

The raw material
is transported to
the pick-up area
Ain second floor
(have own
general UPC Al)

The responsibility:
Internal logistics

The raw material
is transported to
the pick-up area
Bin the
production hall
(have own
general UPC B1)

An employee
collects the raw
material

The raw material
is not needed
anymore...

The raw material
is token to "For
shelf-area"

Employees from

I

I

I

The responsibility: I
production I
I

Appendix E Figure 1 Proposed example of protocol of UPC system
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APPENDIX F: EXAMPLE OF A PRE-DESIGNED REPORT ON
OBSERVED RAW MATERIAL RELATED PROBLEMS

Date: Name:

Line: Product number:

Material code: Production date (and batch) of meerial:
Screw turns: Screw loading:

Screw design:

Used zone temperatures:

Used tools, mixers, a breaker plate etc.:

Calibrating:

The amount of regrind (%):

The amount of colour (%):

Drying time and temperature:

Are set conditions same as in the product candotif describe why)?
Was there something visibly unusual in the raw nte

What were the symptoms of the extrusion problemshg profile, melt flow etc.)?
What were the corrective actions?

Is there something else to be taken into account?

Required attachments: a photo of the symptoms of thproblem & a sample of the
raw material
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APPENDIX G: EXAMPLE OF PRE-DESIGNED REPORT ON THE
USE OF REGRIND

Date: Name:

Line: Product number:

Virgin material code: Production date (and batch) & virgin mate-
rial:

Regrind code: Grinding date and name:

Screw turns: Screw loading:

Screw design:

Used zone temperatures:

Used tools, mixers, a breaker plate etc.:

Calibrating:

The amount of virgin material (%):

The amount of regrind (%):

The amount of colour (%):

Drying time and temperature:

Are set conditions same as in the product candotif describe why)?
Was the appearance of regrind correct?

Was the melt flow of mix (regrind and virgin raw teaal) or regrind (if used singly)
correct?

What were the symptoms of possible extrusion prabl@n the profile, melt flow etc.)?
What were the corrective actions (if there were imoplems)?
Is there something else to be taken into account?

Required attachments: A sample of the product andfithere were significant prob-
lems also a sample of the problem area
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APPENDIX H: RECOMMENDATIONS FOR OBSERVED ISSUES

Appendix H Table 1 Recommendations for observed issues

Area Observed issue Potential corrective action

1. In relation to recycling good integration | Input for extrusion process (raw material
Raw between the internal supplier and the cadeom the internal supplier) has to be recy
material company is required cled and reprocessed Recyclability
purchase: could be one criterion when new raw ma
The internal rial is designed

supplier and | Certain products had such tight specificaMore active cooperation, planning, docu-

responsibility
persons in the
case company

Chapters 5.2

tions that it was hard to fulfil them, at th
same time a raw material was in a majg
role

e mentation and analysis from the beginnir
rof the project- Common rules and a plan

with the customer and the value chain ha
the goal is going to be achieved and how
the performance is measured

&6.1

Faster problem solving with tricky raw
materials (like brown foam PVC) which
also generate scrap more than planned

Proper documentation of the mentioned
problems, making a written plan with
shared responsibilities and deadlines for
each activity (for example with a function
al-activity flowchart)

Some employees found that raw materi

are partly heterogeneous, which complit
cates the extrusion process and generategss-. Collecting feedback directly from

scrap

aEmployees in the extrusion process are

customers of the raw material supply pro

the employees (pre-designed forms etc.)
and improving the process if necessary

e_

g

W

Reclamation procedures were not syste
atic and comprehensive enough

nWritten and mutually agreed approaches;

Collecting feedback directly from the
source, taking samples or at least photos
each time-. For instance pre-designed
paper/online forms and required appen-
dices

In the case where an employee noticed
shortage of raw material, the message
chain was relatively long (employee-shi
leader-production planner-internal supp
er)

ftplanner and the internal supplier straight
liafter a shortage is noted (also in the eve

employee is able to inform a production

ing and night shift)

aBy using agreed and standardized software

=
[

Raw material tests were partly done aft
transmission. If something unusual was
noted, the information came too late

eiClarifying the supplier-customer relation-

ship; In principle, only the primary raw
material needed should be sent , Howevg
it can be agreed together what the produ
are where secondary raw materials can [
used (has to be sure)

cts

2.

Inventory

and Material
Management:
A person

There was no exact real-time (online)
information about where a certain raw
material bag is- As a consequence raw
material bags were sometimes missing

UPC for each bag, pallet places (or at lea
shelf rows) and other areas A clear link
between the raw material and its location
Real-time information where certain mate
rial is located

St

D

responsible

The outdoor storage (tent) is not well

It is hardéackle this issue at the momer

nt
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for material
management,
Internal logis-
tics, A pro-
duction plan-
ner, All em-
ployees from
production

Chapters 5.3
&6.2

organized and it is not easy to collect
materials from there, “A mental landfill
for regrind”

(the space in the second floor storage is
limited), Keep things flowing

Some employees felt that internal logis-
tics are insufficiently covered (too much
to do in addition to extrusion processing

Sharing part of the internal logistics work
with less talented extrusion trimmers and
)letting more talented employees to focus
the lines (less scrap with quicker fixes) -

This is already partly done

on

Calculation of actual material consump-
tion based on metre weights (and scrap
but it is not fully accurate (not enough
measuring points in the arithmetic aver-
age) and it updates relatively late

Measuring devices integrated to extrusio
) machines— Exact consumption in the en

material could monitor consumption durir
long runs and warn the production plann
if consumption is much higher than
planned

of the run, The person responsible for the

=)

3.

Extrusion
process:

All people
under produc-
tion depart-
ment, R&D,

Chapters
5.4.1-54.2 &
6.3.1-6.3.2

Overall; Learning through trial and error

Overdlttivities should be completed
more in accordance with scientific metho

Work orders are pre-printed and materi
balances in the work orders are outdate

alWork-orders should be printed just befor

drun starts (according to the Visual Planni
& Production Follow-Up programs) and
employees should get more IT training

Product cards were partly confusing
(many versions in the same folder), out
dated and difficult to read

Also product cards should be printable w
work orders (for instance as an attached
appendix to the work order) Always the
latest version is printed

Work orders did not include all infor-
mation about required packing material
- There were no ERP-codes for some
tapes and films (order was relying on
verbal information)

Work orders should include all materials
5 and amounts required to perform a certa
product run, All packing materials should
also have their own ERP-code to help or
dering

There was no strictly controlled protoco
in place for start-ups; Some employees
did it with less scrap but not all

There should be a protocol that all possik
steps are taken before materials are fed
the extruder

[0

Used extrusion conditions vary and de-
pend on the operator, Not all of the pote
tial of the available integrated computer
was used

There should be set temperature progran
niwhich all should always be followed) in
scomputers in the lines, where possible.

Also other conditions should be standard

ized - Automated or manual collection o

extrusion conditions and iterating toward

the optimum

ns

f

Pressure in the production led often to
rushed work- This often led to mis-
takes, problems and increased pressureé

Even in the case of pressure, calm down
and follow procedures to avoid mistakes
> and prolonged lead times

If a more complex problem occurred
which could not be solved by one or twg
people, decisions and responsibilities
were sometimes left up in the air Prob-
lem solving took too long

Making a functional activity flowchart;
Who is responsible for each activity? Wh
is the deadline for each activity? Fol-
lowing the progress of the project becom
easier

Troubleshooting was sometimes “let’s t

y  Turningnfrdoing things blindfolded to
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and look what happens3 Without con-
trolled process changes generation of
waste is possible

making changes according to analytical
scientific methods, troubleshooting tables
and using the Socrates method of iterativ
guestioning and problem solving

D

In some interviews it came across that th& dynamic limit between new and estab-
slished product- If product shows prob-

process of introducing new products w3
partly followed with a “Over-the-wall”-
mentality (there was a large deviation
between interviewees)

lems during first test runs, cooperation w
R&D

Some people felt that they were not pre
pared early enough for first production
runs

If possible, involving employees already
the design phase Better commitment,
exchange of important information and
maybe new issues that should be taken
of (practical experience)

]

care

Important parameters were missing too
often before first production runs Frus-
tration among employees, scrap

Determining important parameters under
controlled test runs can also shorten tota]
lead time because you do not have to wa
hastily if a problem occurs (leads probab
to new problems and increased pressure

Not all employees participated actively
test runs

NDelegation, motivating, discipline In-

formation exchange

4,

Quality con-
trol

All employ-

New employees were not always prope
trained for quality control and main ope
ations— Quality control becomes diffi-
cult if you do not know the product

riGood trained of all core tasks in the extry
-sion line and of all the things to pay atten

tion to during production and quality con-
trol

ees, Shift
leaders

Chapters 5.4.3

Some quality meters were too generic
such as “good surface”

All meters should be measurable and ev
guestion should have a direct pass/fail

answer— Tolerances for colour and gloss

if needed, Pass/Fail answers

2ry

D

&6.3.3

Walking back and forth in the line and
monitoring several lines at the same tim
makes active quality control difficult

ecould be continuously on guardinform if

Team work; Packers in the end of the liné

something unusual happens

17

5.
Maintenance:
All employ-
ees, Shift
leaders,
Maintenance

Chapters
54.4&6.3.4

A great basic maintenance program wa|
created for each line but it was not alwa
followed actively, For instance clean
tools have been shown to reduce scrap
and shorten running-in time

S Follow the maintenance program Disci-
ypline!

6. Recycling:
All people
under produc-
tion depart-

Handling of scrap was mostly satisfacto

the floor —» Contaminations like dust ma
decrease the quality of regrind

rutting long profiles into small pieces to
but long profiles should not be trailed on avoid trailing on the floor and contamina-
ytions

ment,
The person
responsible

Coloured regrind should not be mixed!
Mixed colour regrind is currently difficull
to use, Sold to an external company

Separation of colours and placing for in-
stance in trash containers like with PVC-

U

for material

The study about functional regrind ratio

A projeam is needed to study this are
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management,
The produc-
tion planner

Chapters 5.5
& 6.4

was a grey area Ratios were mostly

found through trial methods, Shift leade
had also done some studies but this tog
time away from daily management dutig

see the Chapter 6.4.3

rs
k
S

Coloured foam profiles cannot be used
mostly because of the tight appearance
specifications

of a regrind core and a virgin material
surface?

Finding “a green product” which consists

The use of regrind was not emphasized
enough, Monitoring of regrind is not
visible enough to employees

tions on info TVs etc.) for demonstrating

and the use of regrind (€,kg) Connecting
people to the recycling process, Making

role - No one can hide from the truth

Using visual controls (charts and calcula:

the significance of the generation of scra

people aware of the importance and thei

The role of areward system as a motiv
tor is unclear and has been tried withou
success, Still at the moment there is no
motivator

aFinding a way to motivate people to use
t regrind

7. Infor-
mation flows:
All

Chapters 5.6
& 6.5

Some employees felt that they are not
informed enough, Vertical information
partly breaks in the floor level

Involving employees more in changes an
projects, improvements to be made at thg

lowest possible level

17

Some interviews and discussions revea
that employees would like to be heard
more and affect the operations they fac
daily

e lowest possible level, Collecting routine
and simple information on forms

lddvolving employees more in changes an
projects, improvements to be made at the

o

U

Daily information flood is huge- Some-
times decisions made are forgotten

Writing down decisions and plans made
and using for instance software for that
purpose (with monitor in the production)
- Next small and bigger projects would
become easier

Information exchange between shifts is
critical but is done outside working time
and not everybody comes in early enou

A system that employees feel to be fair,
For instance “a presence-extra”

gh

Most people in production would like to
know more about customers and prod-
ucts, Some felt the customer knowledge
insufficient

Taking shift leaders to customer visits

 iting commitment and the feel that the
customers are paying the salaries

Creating better value to the customer, Crf

7. Daily man-
aging and
People:

Shift leaders,
Employees
from produc-
tion, Other
managers

Chapters 5.7
& 6.6

Employees felt that the discipline was
insufficient; Work was not always evenl
spread

y

Paying attention to this more in the future

There were very talented people in the
production who could be given bigger
responsibilities

sibility to progress

Talent management but at the same time
take care of that all employees have a pad

Production work is heavy but human
errors are possible sources of scrap

follow also in the night shift, Listening to
production employees feelings regularly

Implementing procedures that are easy t

O

Reward systems were not considered t
be fully motivating

to value-based

b Turning reward systems from time-based




