¥ ARCADA

Founding and requirements of starting a

plastics product factory

Case Hameen Lanka

Paul Fletcher

Degree Thesis
Plastics technology
2013







DEGREE THESIS

Arcada

Degree Programme: | Plastics Technology

Identification number: 3128

Author: Paul Fletcher

Title: Founding and requirements of starting a plastics product
factory. Case Hameen Lanka.

Supervisor (Arcada): Henry Clay Ericsson

Commissioned by: |

Abstract:

This thesis is a study on finding a suitable product or product group to manufacture at an
predefined domestic factory site, which offers certain infrastructural services, but
simultaneously has its own drawbacks.The main objects of the thesis is to provide feasi-
bility of producing plastic goods in Finland, analyse and define a suitable product or
product group. A suitable manufacturing process and raw material must be chosen, and a
layout of the factory must be defined to produce these goods. Lastly, profitability calcula-
tions based on the product or product group have been made to estimate if its manufac-
ture is profitable enough to execute. Research for this thesis has been conducted by
factory visits, field studies and observations, interviewing experts in the field and fellow
students, literature studies, drawings and calculations covering profitability, required
manpower, and raw material pricing and production machinery were based on life-like
figures.

As an result, a suitable product was found, the manufacture of preforms to produce
beverage bottles mainly for domestic producers. The study covers several scenarios on
production, what kind of production methods were considered and what kind of methods
can be possibly used to decrease the production costs. The author concludes that the
biggest profitability factor is raw material costs, and their vigorous fluctuations. Thus the
increasing research into bioplastics and their future possibilities of utilisation is vital and
important also to improve the preforms enviromentally-friendliness, their biggest current
drawback being carbon dioxide permeability.

Keywords: Hé&meen Lanka, Injection moulding, PET, PLA, Preform
production, Beverage production, Profitability calculations,

Number of pages: 80

Language: English

Date of acceptance:




GLOSSARY

CSD Carbonated soft drinks

CCTV Closed circuit Television

CO, Carbon Dioxide

FOB Free on board, the seller will incur the delivery expenses to get the goods

to the destination.

JT Just in time

JOT Just on time

Molten A material liquidified by heat

Preform An object that has been subjected to preliminary, usually incomplete

shaping or molding before undergoing complete or final processing.

Granulate Form something into grains or particles

PA Polyamide, also known as Nylon

PLA Poly-lactic acid, a bioplastic made using corn as an raw-material
PET Polyethylene terephthalate, a plastic used for bottle preforms
Polysole A High performance plastic made from plants. Bio-compostable.
SME Small and medium enterprises
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1 INTRODUCTION

1.1 Backround

The production of Plastics goods in Finland has diminished considerably during the 1%
decade of 2000 - 2010. This has largely been due to economic recession and profit
margins getting smaller for example in the cases of subcontracting work or Perlos and
Eimo for Nokia mobile phones. Both of these have been acquired by competitors
(Eimo acquired by Foxconn and Perlos by Lite-on Technologies )and have moved their
production first to eastern Europe and later into China [1] , making thousands of people
redundant in the plastic industry field. Finland has however had a long history of
plastics production, the first plastics production company in Finland was Sarvis Oy,
which was founded in 1921. This was only 12 years after the first completely synthetic

plastic Bakelite was patented in the United States.

1.2 Objective

There are several objectives for the purpose of this thesis;

1. Provide a feasibility study of producing plastic goods in Finland.

2. Analyse and define a plastic product or -group that could be manufactured in
Finland, and sold to domestic and possibly international markets.

3. Define the correct manufacturing process and raw material for the product(s) to
be produced.

4. Prepare a layout of the factory to define how the possible production of these
goods could be carried out.

5. Make profitability calculations based on the beforementioned product or product

group to estimate if its manufacture is profitable enough to execute.

1.3 Methology

Research for this thesis has been carried out using the following methods:
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1.3.1 Factory visits, field studies and observations

Visits were conducted to beverage production plants, the Hameen Lanka premises and
field visits to the Padasjoki industrial estate. On-site observations were done at beverage

production plants (filling out and blow-moulding of bottles from preforms etc.)

1.3.2 Interviews

Interviews were conducted with an expert from the beverage production industry, the
Padasjoki municipal manager (Heikki Jaakkola), thesis writers (Valeria Poliyakova) &

Bimo Murti; both of graduates from the Arcada University of applied sciences.

1.3.3 Literature studies

Information was harvested from the internet on articles, e-books, teaching material and
brochures concerning for example preform manufacture, chemical characteristics of raw
materials, general news of the plastic packaging industry and reading thesis works writ-
ten in relation to the subject. In addition to this, printed material such as magazines,
brochures and hand-outs were also researched.

1.3.4 Drawings

Existing factory layout drawings of Hameen Lanka’s premises and AutoCAD/Visio-

based layout proposal drawings were used.

1.3.5 Calculations

Calculations, estimations and future forecasts were carried out. Calculations concerning
profitability, required manpower, and raw material pricing and production machinery

were based on life-like figures.
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2 THE EXISTING FACTORY

2.1 Factory premises

Hameen Lanka’'s factory site in Kaukela was chosen based on personal interest. The
factory is a large part of local history, and it has been closed since 2007. Diverse plans
to convert the site into for example a logistics center have been considered, but they

have not lead to any kind of concrete actions.

In October 2012 the yarning machinery was sold and shipped to China. Also the scrap

metal is being taken away. In November 2012, the whole factory will be empty.

2.2 Backround

Héameen Lanka was founded into the village of Kaukela in the Padasjoki municipality in
1948. Padasjoki is located in the province of Southern Finland and is part of the
Paijanne Tavastia region. The company used to produce(spin) 500 tons of wool
annually for making carpet yarns, and 90% of the production was exported. In 2007,
Hémeen Lanka was sold to Danspin, a danish competitor. The most functional
production lines were moved to Danspins factory in Estonia. The Kaukela factory was
closed down, and 33 people were made redundant. The turnover in 2006-7 was
estimated to be 10 MEUR for the whole company, including the Estonian factory site.

Hameen Lanka

Padasjoki centre

Picture 1 Geographical overview of Padasjoki. Picture source Google Maps

Picture 2 Dismantling old machinery from the Siporex part of the building. Picture source Paul Fletcher
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2.3 Survey of premises

The premises are situated at Kaukelantie 322, Padasjoki. In overall, the factory building
is in good condition although it has been empty since October 2007 when the previous
production operations ceased [34]

Picture 3 outside view of factory premises. Picture source Paul Fletcher

2.4 Measurements of the building

The site is divided into three parts: the old part, the Siporex part and the cold storage.

> Old part (built 1958 - 1959) total area 3714 m?, spread out over 3 floors.
(Approximately 1200m?/floor)

> Siporex part (white, built behind old part in 1974 total area 2.330 m? (3 floors)

> Cold storage (built in 1974) total area 1.375 m? (1 floor) [65]

2.5 Water

The factory site lacks proper drainage systems and waterpipe infrastructure. The closest
municipal waterpipes are in the Padasjoki center 8 kilometres away. Water is supplied
to the factory from the Miestama lake via a pumpstation located approximately 0.5 km
away. In 2002 the water intake for yarn processing and cooling was approximately
75 000 m®. Dirty waters were mainly generated from sanitary-, cooling- and processing
water, and lead back to the lake via a concrete-encased biological cleaning station. Due
to the cleaning station , the factory had an enviromental permit valid until 2014. [35]

16



2.5.1 Drinking water

Drinking water was brought from the municipal waterworks and stored in containers on-
site. The enviromental permit states that a suitable local supply source wasnt found [35].

2.6 Heating and electricity consumption

Heating and steam for the processing work for the
previous production process is provided via a 1.3
MW oilburner. The oilburner was renewed in 2001.
Burning fumes from the oilburner were lead into a
25m-high chimney located at the right hand end of
the factory. When the factory was fully operational in
2002; 208,3 tonnes of heavy fuel oil was consumed.
Electricity consumption in 2003 was 1,32 Gwh [36]

Picture 4 Factory oil burner Picture source Paul Fletcher
2.7 Main building — old part

The factory has 3 floors, which are approximately 3-4 meters high and each floor is
interconnected with each other with more than one elevator. The corridoors are long and
narrow in many places,as visible in picture 6 below. The concrete floor is very robust,
SO carrying capacity is not a problem. The walls are surfaced with bricks. All floors
have radiators for heating, so maintaining a constant temperature would not be a prob-
lem. In general the condition inside the building is good; no humidity related damages
are visible. Figures 1- 3 provide more information on the factory layout.

Picture 5 some of the dismantled yarn- Picture 6 General view of the corridor
ing machinery Picture source Paul Picture source Paul Fletcher
Fletcher
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2.8 Siporex part of the building

The Siporex part built behind the old part of the building, is very brightly lit inside due
to the large windows and as it set directly towards the sun. This together with the large
open and high spaces at both ends of the building make it the ideal location for the

production facility. See figure 1 for more information.

Picture 7 Siporex building Picture source Paul Fletcher

Picture 8 Cold storage Picture source Paul
Fletcher

2.9 Cold storage

The cold warehouse which is partly visible in Figure 1 & Picture 8 below, is built from
wood and has a tin roof. It cannot sustain a constant temperature or humidity.
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3 ALTERNATIVES OF PLASTIC PRODUCTS FOR
MANUFACTURE

3.1 Type of product to manufacture

Diverse products or product families which could facilitate a constant income were
researched. During preliminary research such items as house-hold utensils, kitchenware,
plastic cabling, buoys, roadwork fencing and stoppers were considered. Production
figures and profit estimates on these products proved to be difficult or impossible to
acquire. Information related to medical products such as syringes, insulin pens, and
beverage bottle preforms were possible to access through personal contacts and the web.
In addition to this, information concerning general plastic utensils were acquired
through some major producer websites and media, this information led to partly
choosing the product categories. Finally three diverse product groups were compared to

each other to make the decision on what kind of products would be chosen.

3.1.1 Medical goods

Insulin needles and syringes were among the products considered for production, as
their need is increasing. The age structure of people in need of these is growing due to
people suffering from diabetes and for geriatric needs. The total number of people with
diabetes is projected to rise from 171 million in 2000 to 366 million in 2030 [13]

3.1.2 Household utensils

This product group consists of products for domestic use, such as buckets, tubs,kitchen-
ware and snow-work tools. Finnnish companies Plasto,Plastex & Orthex all produce
them, so domestic competition is tough. Production of these diversified goods require a
lot of machines and personnel to run them. This leads to a loss in production efficiency,
as the batches are relatively small in size (in 1000s of pieces at a time) and the products
are often available in different colours and sizes. Changing the products colour and the
moulds or other tooling during production leads to production downtime, during which
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nothing can be produced on these machines. Also the need of seasonal products can be
difficult to forecast, creating a surplus of unsold goods and a waste of warehouse space.

As an example, Orthex manufactures approximately 200 different products, and have
approximately 500 active production titles as some titles are available in several colours
[37]. During a factory visit to Orthex it was observed that the assembly of many goods

require hand-labour, thus making product assembly time-consuming and expensive.
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Figure 4 attaching a string onto a sleigh at Orthex. Picture source http://www.yrittajat.fi/File/09e7932f-9ccd-42f8-
a6c2-fh7ed200ab51/orthex2.jpg

Figure 5 A cowskin-style letterbox Picture source http://www.dilishop.fi/Postilaatikko-Lehmae post box

Figure 6: Orthex retail store Picture source http://www.tjt-kaluste.fi/myymalakalusteet.shtml

3.1.3 Preform manufacture for bottles for soft drinks and mineral waters

In 2010 over 320 million liters of soft drinks and mineral waters were sold in Finland
(figure 2). The figure excludes alcoholic drinks. Bottles for these drinks are
manufactured from plastic preforms supplied to the bottling plant, and they are filled

after being blow-moulded into bottle shape on the bottling line.

3.2 Comparison of production figures and their generation of

turnover

3.2.1 Insulin needles and syringes

Finland has public healthcare, so these products are supplied free of charge for medical
use such as diabetes, so accurate figures on the needs for syringes and insulin needles
are easy to get. Free market sales are not substantial. In Table 1 calculations have been
made to define the sales figures of insulin needles and syringes for the public healthcare
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market. These figures have been received from the Helsinki town procurement office
which covers the Helsinki region [17]. The whole country estimation is based on a con-

versation with Helsinki deputy mayor Paula Kokkonen [18]

Syringe Amount for whole Finland
Size/Length Amount  Price each Subtotal Amount for whole Finland
0,3ml 8 mm 240000 0,16 € 38 400,00 € | (Helsinki accounts for 10 % of total need 1261114
Y% ml 12,7 mm 86 300 0,13€ 11 219,00 € | Turnover tax 23 %) 290056,2
0,5ml 8 mm 45700 0,09 € 4204,40 € || Total sum for whole Finland 1551170€
iml 12,7 mm 14 000 0,09 € 1288,00 €

Insulin pen Single use

29G 10 mm 2000 0,07 € 142,00 € || Source of information: information request from Helsinki town procurement office
29G 12mm 19 000 0,07 € 1 349,00 € || Information received by email from Procurement officer Riitta Hintikka
30G 8mm 86 800 0,07 € 6162,80 € || 6th September 2010.
31G 5mm 346 000 0,07 € 24 566,00 € || Information of total amounts for whole of Finland received from
31G 6mm 284700 0,07 € 20 213,70 € || Mrs. Paula Kokkonen, Deputy Mayor of the City of Helsinki September 2010
31G 8mm 261500 0,07€ 18 566,50 €
Total purchases for Helsinki 126 111,40 €

Table 1 Need for syringes & insulin pens for medical use in Finland 2010

3.2.2 Soft drinks and mineral water preforms

Table 2 below describes the domestic sales of soft drinks and mineral waters in 2000
and 2005 — 20120. The statistics are from the Finnish Food and Drinks Industries’

Federation (Elintarviketeollisuusliitto or ETL) website.

DOMESTIC SALES OF FINNISH FOOD PRODUCTS 2000 AND 2005 - 2010

2000 2005 2006 2007 2008 2009 2010

SOFT DRINKS AND MINERAL WATERS (including breweries' imports)
1,000 litres
Sugar sweetened soft drinks

Cola 93222 79 390 77716 75336 73461 73727 74088

Lemon, Lime 32919 22 497 21423 17 863

Orange 60 875 46 222 46 023 47 994 60 144 58 462 55527

Others 38 644 41522 44 345 42234 42838 42 261 43 063
Total 225 660 189 631 189 507 183427 176 443 174 450 172678
Sugar-free soft drinks 67 340 83 279 92098 95 203 93611 93412 91178
Soft drinks total 293 000 272910 281606 278 630 270 054 267 862 263 856
Mineral waters 57 037 63 203 68 070 68 688 64 384 58 900 64 921

Table 2 Domestic sales of domestic soft drinks and mineral waters Source:
http://www.etl.fi/www/en/statistics/files/Domestic_sales_of _Finnish_food_products.pdf fetched 20th September 2011

These figures were used as an reference for calculations on needs for preforms for

bottling beverages in Finland, and what kind of sales they would generate.

- According to my expert source from the industry, the average price for 0.5 | pre-
forms is 4.5 ¢ (0,045 €)/each and 1.5 | preforms 6.4 ¢ (0,0645 €)/each (2010).

- 30 % of these drinks are bottled into 0.5 | bottles and 70 % into 1.5 I bottles.

- According to table 3, 84,9 % of the total volume of sold soft drinks and mineral
waters in 2010 were packed into bottles. According to the used expert source,

usage of glass bottles is small and would not clearly affect these figures.
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19989

Olut

Pulia 722
Astia 222
Téilkii 56
Siideri ja long drink

Pulle 89,6
Astia 93

Tolkii 11

Virvaitusjuomat ja
kivenndisvedet

Pullo 8ar
Astia 101
Tolkii 12

2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010

729 735 730 720 735 701 61,2 458 35 743 203
218 209 203 200 18,3 17.3 18,7 18,0 148 137 135
53 58 68 B.O B3 12.5 221 a2 T 62,0 66,1
886 ars 89,1 BB.9 B7.9 B1.B 711 82,8 49,3 41,0 40,0
10,2 105 97 98 96 10.2 191 142 10.5 1.2 1.8
12 17 12 14 24 81 a8 6 40,2 ars 482
88,0 882 B8.2 BB.9 BT B5.9 887 849 844 853 849
105 105 105 108 15 120 16 1.9 122 18 18
15 13 13 11 18 22 a7 a2 35 29 33

Table 3 Domestic sales per package type. Source
http://www.panimoliitto.fi/panimoliitto/liitetiedostot/pdf/pakkaukset1999_2010.pdf fetched 6th October 2011

See table 4 below for a total sales estimation based on these figures.

Beverages and mineral waters sold in Finland in 2010 in total (1000s of litres)

Soft drinks
Mineral waters

Total:

According to table 5, 84,9 % of these drinks were sold in bottles, thus the correct
figure for bottles is (328777 X 1000 litres/100) X 84,9

Out of which an estimated 270 M litres is bottled into plastic bottles with preforms
0.5 I preforms: (270 M litres X 0.3) / 0.5 litres =
1.5 | preforms: (270 M litres X 0.7) /1.5 litres =

81000000 X 0,045 € + 189000000 X 0,0645 € = 15835500 €

Price source: Expert working in the beverage and brewery industry
Estimate of total turnover of beverage & mineral water preforms for domestic markets

Table 4 Estimate of beverage and mineral water preform market turnover in Finland 2010

3.3 Choosing the product

3.3.1 Syringes, insulin pen needles and similar medical goods

Production of these goods is complex compared to preforms. As hypo-
dermic syringes are in direct contact with the interior of the body,
government regulations require that they are made from biocompatible
materials which are pharmacologically inert [23]. This affects the price
of the products as other plastics cannot be used. The products must be
sterile and nontoxic, so they must be made in clean room facilities, in-
creasing the costs of the production facility. See figure 7 for a diagram

of the different parts of a syringe.

Figure 7 Diagram of a hypodermic syringe. Source: http://www.madehow.com/images/hpm
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In addition to this, these products are far more complex to manufacture than preforms
which don’t have moving parts or traversing seals to transport the liquid to the tip.
_ Insulin pen needles do not consist of
Outer protective cap
many parts, but have similar challen-
Peel foil ges as syringes, being always packed

_ and sealed individually. Figure 8 descri
Inner protective cap

-bes the needle construction in detail.

Needle (cannula) According to table 4, the domestic
sales of syringe & insulin needles was
1,5 MEUR in 2010.

Meedle hub

Figure 8 Insulin pen needle. Source http://www.diabeticlive.com/wp-
content/uploads/2010/06/BD-Pen-Needles-300x210.gif

These figures do not cover sales for private or vetenirary use, but the joint sales figures

are so small that further research into this product sector was unnecessary.

3.3.2 Household utensils

As mentioned in paragraph 3.1.2, the domestic market was very competetive. In 2010
Orthex had a turnover of 13.6 MEUR and 90 employees [25]. Plastex, situated close to
Orthex in Lohja had a turnover of 4.5 MEUR and employed 33 people [32]. Plasto in
the Aland islands makes toys and kitchenware and its daughter company Plastopak

plastic packaging. Their turnover was 4.2 MEUR [26] employing 50 people in 2010.

3.3.3 Preform manufacture

The manufacture of preforms is a relatively simple process, the end-product has no
moving parts or large variations in apperance or construction. The dimensions of the
end product are modified by the mould in which they manufactured and the production
process is always the same. In addition to the change in dimensions, the raw materials
and the colour and transparency characteristics change. As of October 2012, there is no
large-scale preform manufacture in Finland. Preformia which used to process recycled

post-consumer plastic bottles into preforms went bankrupt in May 2011 [28].
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According to the expert consulted for this thesis, the manufacturers which supply most
preforms to Finnish customers are Plastitehase (Estonia), Pretainer ( Lithuania) and
Returpak (Sweden). Graham packaging Company Oy produces preforms in small-scale
and non-standard 0.2 1, 0.35 1 & 0.75 | sizes for Pernod-Ricard Finland [33].

3.4 Choice of product for manufacture

The decision on what to manufacture was based on several factors. Estimations on
generated turnover were compared, preforms providing the largest. Household goods
are produced by several domestic manufacturers, and the market is somewhat saturated.
Syringes and insulin needles offer a much smaller market in Finland, and overseas sales
would be needed to increase sales/turnover. Production machinery for them are very
expensive and require the use of Bioplastics and cleanroom facilities. In addition to this,
some domestic production already exists. See figure 9 for a graphical representation of
turnover various product and product group alternatives, which are described in chapter

3.1 and their financial information in chapter 3.2.

Turnover estimations in MEUR (2010)

18 15,4
16 13,6
14
12
10
8 i
4 1,55
2
0 : : : I .
Estimated Orthex Oy Plastex Oy Plasto Oy Estimated
domestic turnover  International International Internation domestic sales of
of beverage &  turnoverin 2010 turnoverin 2010 turnoverin 2010 insulin needles &
mineral water syringes in 2010

preformsin 2010

Figure 9 Turnover estimations of production alternative based on 2010 turnover. Figure by Paul Fletcher.

Logistical location

The H&meen Lanka premises is located with good transportation possibilities to
domestic beverage- and alcoholic drink manufacturers and harbour and railway hubs.

The site offers an strong advantage over foreign competitors: a possibility for almost
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immeadiate delivery. This would facilitate the beverage producers to bottle drinks using
JOTNIT-like principles. According to the expert working in the beverage industry,
foreign competitors have a lead time of at least 4 weeks. A shorter lead time and saving
warehouse space at the bottling plant are considerable competitional advantages compa-
red to foreign producers. Storing preforms and their raw materials for a long time
increases the risk of humidity to the products to become non-marketeable. Markus

Portmans thesis in Arcada [45] arrived at the following conclusion:

PET Preforms start to absorb humidity almost immeadetly after being manufactured by injection
moulding. Even after a time period of two days the possible humidity that the preform has absorbed can
have substantial effect in the expansion properties of PET material. If the preform has been too long in a
humid atmosphere, it is impossible to produce high quality bottles out of such preforms. It is important to
keep the shelf-life as short as possible. The recommended time span is less than 2 days, at a temperature
of 24 °C and in a dry warehouse. (see: RIVA Packing Solutions, fetched 3.6.2009) [44]

3.5 Transportation of preforms to mineral water and beverage

manufacturers and harbours

As visualised in figures 10 and 11, transportation of ready goods could be arranged to
any of the larger producers from the factory during one working day. The longest dis-
tance from the factory is to Olvi Oy in lisalmi. The driving time to Olvi is approxi-
mately 5 hours and the distance less than 350 kilometres. The working day definition
according to the Finnish Working hour’s act (605/1996) is 8 hours a day [30]. This
enables lorry deliveries driven safely to all of the bottling plants and harbours with
overseas connections described in table 5, all during one working day.
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Figure 10 Locations of largest beverage producers & béfveries in Finland. Picture source: Google Maps &
Paul Fletcher
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Figure 11 the main Finnish harbours on the southern coast. Picture source: Google Maps & Paul Fletcher

Company Distance from factory Driving time Harbours Distance Driving time
Finn Spring 324 km 4h 44 min Turku 220 km  3h 26 min
Olvi 345 km 4h 51 min Pori 223km 3h15min
Vip-Juicemaker 263 km 3h 45 min Rauma 235km  3h 30 min
Altia, Koskenkorva 245 km 3h 52 min Kotka 179 km 2 h45min
Sinebrychoff 140 km 1h 43 min Hamina 172 km  2h 37 min
Altia, Rajamaki 137 km 1h 37 min Helsinki (Lé&nsisatama) 169 km  2h 9 min
Hartwall 65,7 km 1h 3 min

Table 5 Logistical information of customers. Source of information route calculations from Google Maps

The Hameen Lanka factory site offers a production facility with sufficient services for

preform manufacture;

1.

2.

3.

The building is rigid, sound and dry

It is equipped with elevators to move between each floor at ease

The building is equipped with proper electrical connections and heating

An adequate water supply is available close by. The cooling waters from the pre-
form production process can be used for heating, and lead back to the Miestaméa
Lake via the cleaning station without soiling the water or contaminating the en-

vironment.

Main roads infrastructure towards all main four cardinal point directions are
close by

All of the domestic beverage producers and breweries are reachable in less than
5 hours driving time.
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4 LITERATURE REVIEW

4.1 Beverage bottle preform manufacture

Beverage bottles are nowadays manufactured normally by using preforms or blow
moulding. Normally, the raw material of the preform is PET (Polyethylene
Terephthalate).

The wall thickness of the preform is approximately 4 mm and 20 mm of diameter from
the thickest point of the preform and the weight is close to 24g if the preform is for a %2
| 0 bottle, which at the modern industry standard. The cap-part is the only part which is
not affected during the manufacture of the final product. The usage of pre-manufactured
preforms has made the bottling process to be fast, effective and cost-saving thanks to

the space requirements of product itself.

A preform is a material that has undergone preliminary shaping but is not yet in its final

form. [5]
" I i l E

Picture 9 Bottle preforms. Source:
http://www.putoksnis.It/article/archive/208/

4.2 The preform manufacturing process

In stage one of the manufacturing process a preform is produced by high-pressure
injection moulding in which the pellets of resin which have initially been dried are
melted at temperatures of about 275°C. If colour is required for the final design, then it
can be added during the melting process at the required dosage, just prior to being
injected into the mould. Once melted the molten plastic is injected into a precision

mould; the mould is cooled with chilled water, which solidifies the PET.
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At this point in the process the bottle neck finish, to which the closure will eventually be
applied by the bottler, is produced very accurately. From this point on the handling of
the preform through packaging, distribution to the bottler and the bottle blowing
machine are important in order to prevent the finish from being damaged, as this can
ultimately affect, as a result of micro leakage, not only capping but product performance

through to the point of consumption by the consumer.

A preform can be made and stored for up to six months before it is converted into a
bottle suitable for filling. Beyond this time period production of consistently good
quality bottles becomes more difficult, due to the preforms attracting moisture from the

atmosphere. [6]

4.2.1 The Preform manufacturing process in 6 steps

How PET (PolyEthylene Terephthalate)
bottles are made

Six essential steps to stretch blow molding a PET bonle:

1 Dryving the PET

PET absorbs moisture from the atmosphere.
This must be removed by a dehunmadifying
drying before processing.

2 Plasticizing the PET

Dried PET pellets are compressed and
melted by a rotating screw

3 Injection molding the preform

L N =t | \[ollrcn PET is injected into '.1\\: injection
—_— cavity and cooled rpidly to form a

— = | “prefonn”, (The test-tube-like fonn from

\]

which bottles are blown is known as a
preform)

4 Optimizing the preform temperature
”» | The temperature of the preform 1s adjusted
to the comect profile for blowimng

5 Stretch blow molding the container
The hot preform is simultaneously stretched
Wi and blown (thereby onenting the crystals of
oo and 5 hening the PET*) into a shaped
r mold to form a tough, lighrweight

7 i & Container ejection
The finished container is ¢jected

Figure 12 Preform manufacture process. Source: http://mse-gsdl.matsceng.ohio-
state.edu/~glenn/HS_Mat_Sci/Unfiled_Content/ASM_07Disc/MST/EMTECH_%20Handouts/EMTECH_Demos.pdf

4.3 Materials used for beverage perform manufacture

For the manufacture of preforms, PET is mainly used which is available as virgin in
granular form. For special applications, PLA is also processed. which is gained from
renewable raw materials, such as corn. [7] Earlier on, some nylon was mixed with the

preform or the perform was made completely of PA (Nylon) to increase the hardness of
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fully-blown bottle. However there were problems with the surface finish, as the bottle
was used several times before being ground back to granulate. The surface of the fully-
blown bottle became subject to scratches and appeared soiled on the surface. Soon the
type of bottle which was re-used several times before being crushed, was pulled off the

market at least in Finland.

Today, more and more PET and PLA are recycled in the production process. Genuine
regrind from PET or PLA bottles is preferred in order to guarantee the quality of the

bottles. If amorphous regrind is used, it must be crystallised before drying. [8]

4.3.1 Poly(ethylene terephthalate) Overview

Poly(ethylene terephthalate) (PET) is used in a variety of commercial applications, from
soft drink containers to fibers used to make textiles or tire cords. PET has been used as a
commercial fibre since as far back as 1953.The excellent mechanical and thermal
properties of PET give it a wide variety of uses for everyday items. Stretched PET
provides a good barrier against carbon dioxide, making it an ideal container for
carbonated soft drinks. The repeat unit of PET is shown in Figure 2 below.

o o
Figure 13: The repeat unit of PET. Source: Surface Properties of Poly(ethylene terephthalate), Thomas Matthews

Injection stretch blow moulded PET bottles offer glasslike clarity, excellent gas barrier
properties and good overall mechanical strength. [9]

4.3.2 Polylactic acid (PLA Overview)

Polylactic acid (PLA) is a rigid thermoplastic polymer that can be semi-crystalline or
totally amorphous, depending on the stereo purity of the polymer backbone. L(-)-lactic
acid is the natural and most common form of the acid, but D(-)-lactic acid can also be

produced by microorganisms or through racemization and this “impurity” acts much
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like comonomers in other polymers such as polyethylene terephthalate (PET) or
polyethylene (PE).

GHs
O-C-C
S H
PLA

I

Figure 14: Poly(lactic acid) (PLA) Source: http://www.uweb.engr.washington.edu/research/tutorials/plagla.html

In PET, diethylene glycol or isophthalic acid is copolymerized into the backbone at low
levels (1-10%) to control the rate of crystallization. In the same way, D-lactic acid units
are incorporated into L-PLA to optimize the crystallization kinetics for specific
fabrication processes and applications.

PLA is a unique polymer that in many ways behaves like PET, but also performs a lot
like polypropylene (PP), a polyolefin. Ultimately it may be the polymer with the
broadest range of applications because of its ability to be stress crystallized, thermally
crystallized, impact modified, filled, copolymerized, and processed in most polymer

processing equipment.

It can be formed into transparent films, fibers, or injection molded into blow moldable
preforms for bottles, like PET. PLA also has excellent organoleptic characteristics and

is excellent for food contact and related packaging applications. [10]

4.4 Disadvantages when using Polyethylene Terepthalate as a

raw material

4.4.1 Appearance and crystallisation-related issues

PET becomes increasingly brittle and opaque at increasing crystallization levels.
Extremely crystalline PET is effectively white. This can be clearly seen on the neck of
some returnable bottles already in the market. A further optimization has been the use of

another plastic, PEN (Polyethylene Naphthalate), in manufacturing bottles. This plastic
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displays considerably better barrier properties than PET, but is significantly more
expensive [6]. Due to this, PEN is not used at the present for perform manufacture

4.4.2 Carbon dioxide permeability

Gas permeability is a major difficulty here, as it can lead to problems within the
beverage. Because these processes occur as diffusion, independent of pressure, even a
carbonated beverage takes up oxygen and at the same time releases carbon dioxide. The
intruding oxygen can damage beverage ingredients, in particular vitamins and flavors.
In addition, PET can absorb flavor components of the beverage. This is a result of the
structure of the plastic. The long polymer molecules are tangled within each other like a
sponge. In this "sponge", flavor components are stored and later released again. When
the crystallization level increases, this sponge structure becomes "untangled" and less
foreign material may be absorbed. This has made the development of returnable PET
bottles possible, despite the possibility of flavor absorption. At the same time,
crystallization of the material also improves its resistance to heat, so that hot-fill PET

bottles can also be produced using the same technology

However, these disadvantages mean that the shelf life of a beverage in PET is usually
shorter than in glass bottles. But through appropriate recipe design, the manufacturer of

flavor systems can offset many of the disadvantages of PET. [11]

Both PLA and PET have a similar problem with CO, permeability, though the
permeability with PLA is much worse than with PE. See the Disadvantages of PLA for

more information.

4.5 Disadvantages when using Polylactic acid as a raw

material

4.5.1 Heat stability

PLA must be commercially composted, it will not decompose under home composting
conditions One of the biggest drawbacks of it is that it has a relatively low melting
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temperature (173-178 °C) meaning that there is always a danger of the material sticking

to the mould of the injection molding machine.

Typically, a manufactured PLA-based product cannot be microwaved, due to the
abovementioned low melting temperature point, thus eliminating the possibility of re-

using for example a bottle by “sterilizing” it in a microwave oven before use.

PLA films are inferior to ordinary polymer materials in heat stability. The deformation

process for example for LDPE bottle made of PLA can begin at 50-60°C.

4.5.2 Composting

Polylactic acid products require commercial composting environment & controlled
conditions (e.g. 10 days at 140 degrees, moisture, oxygen, microbes) Partly because of
this PLA could take up as much landfill space as conventional plastic packaging. Bottles

made from PLA are not suitable for conventional bottle recycling — they must be sorted.

4.5.3 Using PLA for beverages with Carbon dioxide as a protective gas or

for fizz

Oxygen barrier characteristics of PLA are approximately 10 times worse than the ones
of PET, PP, and polyvinylchloride (PVC). This is why PLA packaging is mainly used
for packing dry and some frozen food, and liquids with a short shelf lifespan. The
highdiffusion constant CO, does not allow using packages made from PLA for bottling
carbonated beverages. This limits the field of bottling application to milk, fruit juices,

water, and vegetable oil.

45.4 Moral issues

As PLA is manufactured from corn starch there is always a moral issues associated with
using a basic foodstuff based product for packaging, even though the PLA is
manufactured from genetically modified corn, not the normal No. 2 yellow dent field
corn. Also the production corn pricing - subject to supply & demand are impacted by

corn-based ethanol affects the production of the PLA-based end-product. [12]
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4.6 Conclusion of the literature survey

New bio- and other plastics are being under development and constantly entering the
market. Materials used for preform manufacture will evolve towards more
environmentally friendly and oxygen resistive materials. Environmental friendliness,
along with the ability of withstanding higher melting temperatures and better resistance
to oxygen/CO, permeability are key issues to be solved to move on to more nature-
friendly material options. Materials such as Polysole, which is a totally biodegradable
plastic material that can be used for example in blow molding and injection molding

applications. It is made using entirely natural materials and organic additives.

"Polysole® is completely bio-based as the polymer utilizes proprietary additives that are
entirely natural and organic. The company has, ensured that there is no compromise on

the renewable content of the material, which is an industry-leading development.” [44]

In today’s booming bio-plastics market, many base biopolymers come from a natural
feedstock, but compounding these biopolymers for additional performance is
accomplished using synthetic additives.

Many of the biopolymers used for engineering applications are blended with other oil-
based polymers, which leads to a significant reduction in the renewable content.
Polysole® is a totally biodegradable plastic material that can be used in film, sheet,
blow molding and injection molding applications. Made using entirely natural materials
and organic additives, Polysole® is a 100% biodegradable and non-toxic thermoplastic.
Its superior process capability and strength offers opportunities for manufacturers of all

kinds to save money, increase product safety and to beat the competition. [13]

However, PET offers much better overall characteristics compared to for example PLA
or Polysole at the moment. PLAs problem with Carbon dioxide permeability, heat
stability and a very low melting point of 173-178 °C compared to the melting point of
PETs 250 — 260 ° C leaves no question which raw material to us. Pet’s biggest problem
is the re-use of the recycled material, as its quality isn’t a similar quality of the virgin

raw material.
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5 PRODUCT DECISION

Preform production was chosen based on estimated sales figures, less product diversity
and the logistical location of the factory for possible domestic customers. As alcoholic
drink bottles are more demanding on materials used for their manufacture, and the

thread/cap-closure, they are left outside the production scope and this thesis work.

6 MANUFACTURING PROCESSES AND MATERIALS

6.1 Manufacturing method

6.1.1 In general

Several manufacturing methods were considered. These methods include one- and two-
stage blow moulding and thermoforming. All these methods possess drawbacks pre-
venting their effective use. However, the biggest drawback is the existing preform-
based bottling technology used by beverage producers such as Hartwall, Sinebrychoff

and Olvi. This fact alone effectively eliminated the need to research alternatives further.

Other substantial drawbacks are the quality or finish or the product, raw material opti-
misation, possible surface strain and tensions on the end product, production speed, end

product size, subcontracting issues and even technical competence of production staff.

6.1.2 Injection moulding

The most common manufacturing method for preforms is (IM) Injection moulding. See
figure 15 below how an injection moulding machine operates. Injection moulding is a
simple manufacturing process where plastic raw materials such as PET granulates are
fed into a hopper (1). The granules will traverse from the hopper using gravity into a
heated barrel (2, 3) and crushed via a rotating screw into a molten form. If colour is
needed to change colour of the preform, it is added into the molten plastic. The heated
liquid plastic has a temperature of 250 °C (PET) [38]. For PLA the melting point is
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lower, between 173-178 °C [46]. The screw propels the molten plastic through a nozzle
(4) into a two-sided mould (5) which defines the shape of the preform.

When the mould (5) is filled with the pre-programmed amount of molten plastic, it is
closed by a hydraulic clamp (6) force, generated by an electric motor and a hydraulic
pump (7). The clamp will hold the mould together for the time period which is needed
for the product to cool down. The mould is cooled with external water cooling during
the process to ensure that the preform solidifies fast and homogenously as possible. Af-
ter cooling down the end product(s) they are ejected from the mould by ejector pins (8)
which push the preform(s) out of the mould. The mould is re-opened and filled using

molten plastic fed constantly through the hopper and the traversing screw.

1 'I Hopper

]
Hydraalic
Pump

Figure 15 Diagram of an injection moulding machine. Picture source:
http://www.cheresources.com/content/articles/bulk-solids/basics-of-injection-molding

Due to the need to manufacture vast quantities of the product, the production process
has to be fast and accurate, as automated and error-resistant as possible and
economically viable. Preform production batches are large. Due to this, the preform
mould has a numerous amount of cavities to make more preforms at once. These
moulds have 4 - 144 cavities, each cavity producing a preform during each production
cycle. The average amount of cavities in a mould is between 48-72 [23] cavities such as
in the Husky moulding machine used by Putoksnis in Lithuania [24] and [25]). At the
present there are moulds available with 144-192 cavities, increasing production
efficiency, but increasing the required clamping force to be 500 or even 600 tonnes (for
192 cavities). As a injection moulding machines operation can run the manufacturing

unmanned, thus production could be run automatically during night-time and weekend
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shifts. Production efficiency can be improved by automation such as an robot arm,

pallet conveyor system or a automated hopper feeding the plastic granules to the

injection moulding machines.

Figure 16: 72-cavity mould. Picture source: http://www.mega-machinery.com/preform-mold02.pdf

6.1.3 Drawbacks on injection moulding

The biggest drawbacks of Injection moulding is the actual investment price. This can be
divided into two parts; 1. The price of preform mould. The development and produc-
tion of a good mould is expensive. Depending on the size and quality, the price can
range from 50 000 € up to 300 000 € each. The larger the production batches are, the
lower the end product costs will be. Due to this, products which are manufactured with
short production batches might not be economically viable. 2. The injection moulding
machine, computer-controlled and equipped with a large scale production 24g preform
mould for 0.5 | — 1.5 | bottles costs between 1 — 2 MEUR. The estimated annual
production capacity of such a machine is 100 Million preforms. It must be noted that
when the preform size or neck closure would change, only a different mould must be

purchased, not the whole injection moulding machine.

6.1.4 The future of preform production

The main shape of preforms is unlikely to change much in the coming years. Beverage
producers have made huge investments into their present systems, and no clear
improvements regarding bottling technology is visible at the moment. The main
differences are in volume and weight of the preform. Chapter 14 on Discussion covers

this in more detail, covering some existing cost-cutting alternatives. See figures 17 & 18
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for examples on some preform sizes and dimensions. In Finland, the most common

preforms for 0,5 | bottles weigh 21-26 g and 41.5-43 g for 1,5 bottle sizes.

500mL (1702)
BRIl C:rionated Soft Drink
Neck finish: 28 mm PCO
m Weight: 21-25 grams

500 mL (1702}
Bottled Water

Neck finish: 26 mm PCF
Weight: 10-14 grams

93 mm

500ml (17 oz}

RTD tea / hotfill
Neck finish: 28 mm
Weight: 23-27 grams

4T3mL{1602)

y
Neck finish: 20-28 mm

Weight: 22-26 grams g |
500 mL (17 07) :

Aseptic juice v ] o

Neck fnish: 38mm Bericap

] £ £
- 2 v | =
2} o
o &
Weight: 18-24 grams :
o
591 mL (20 0z) 1 M T
- Hotfill juice
» - Neck finish: 38mm VHS a
Weight: 20-32 grams i ]
3-5 gal (384-640 07) — Q
Water Ll
Neck finish: HOD Standard
Weight: 300-380 grams a
1.51(510z) :‘
Sparkling Water
Neck finish: 25-30 mm
Weignt:25-36 grams Figure 17 Example measurements of 24 g preform

[53]
Figure 18 Husky HyPET Preform product examples. Picture source HyPET Systems brochure,
http://www.husky.ca/documentlibrary.aspx?id=2147483911

7 FACTORY LAYOUT

The factory is laid out over three floors. Each floor is relatively low, so an injection
moulding machines higher than 3 m cannot be installed or operated in the old part with-
out cutting a hole in the roof above. The Husky HYPET range were the most suitable, as
they can be installed as lower layout configurations. The premise has three elevators,

which can be used for transportation of goods between the storeys.

Picture 10 Factory floor height vs. a person’s height. Picture Paul Fletcher
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The external cold storage is not dry, so goods stored there would be subjected to humid-
ity. This makes the use of it obsolete, apart from as a docking station for incoming raw

material and supply traffic, and outgoing traffic to customers.

The whole building is too large for the presently planned production plant and produc-
tion capacity. However, as the building is on several floors, the top floors could be used
as a warehouse for the ready products and the raw materials. Heat inside the building
rises upwards, so gravity-controlled air conditioning could possibly be utilised in keep-

ing the ready products and raw materials dry. Keeping the raw materials dry is vital.

PET Preforms start to absorb humidity almost immeadetly after being manufactured by
injection moulding [45]. Also humidity in the raw materials can pose problems,
eventhough the Injection moulding machine(s) are equipped with driers. It is good to
keep the material at as a homogenous state as possible during the production process.

If gravitational air-conditioning will not work, an indoor ventilation solution can be
used for keeping the facilities dry. It could be partly be powered by solar panels which
are installed onto the roof and building windows. In addition to this, the injection
moulding machines produce a lot of heat. This heat could be used to decrease heating

costs, by circulating the heated-up cooling water into the buildings radiator network.

8 LAYOUT OF PRODUCTION FACILITIES

Figure 19 describes the working layout of the factory. As visible from pictures 2 & 7,
the Siporex part of the building offers the best facilities height-wise for the installation
of the machines. It has direct access to the cold storage, which could be used as a dock-
ing station, so that a lorry reverses into it or in front of it and is loaded there. The pro-
duction cells are facilitated in such a way that unloading the preforms into a container
for the fork lift trucks, or to drive to the lifts would be as easy as possible. This could be
done by using a fork trolley, as a sales batch of 1000 preforms weighs either 24 or 41, 5
kg. So weight is not a major problem for transfer inside the factory site.
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The 2" and 3" floor or old part of the main building as in figure 19 below can also be
used as a warehouse facility, or as an intermediate storage, see figures 2 & 3 for the sto-
reys layout drawings. The hoppers of the injection moulding machines would be filled
via transfer pipes from the 2" floor, so raw materials would be kept there, and PET raw

material would transported there from the outside by using the factory elevators.

1] F

b SO DA OT e Duitng

m{glé H

By

=

Figure 19 Factory layout

New doors must be made or existing door made wider to locations (1) and (2) described
in figure 19. This is due to more space being needed to transport goods to the warehouse
facilities, elevators from where ready goods are transported other storeys warehousing

facilities or to lorries arriving at the factory collecting goods.
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9 FINANCIAL CALCULATIONS

9.1 Raw materials

9.1.1 Bottle grade PET

The average price of bottle grade PET raw material has varied between 950€/tn to over
1700 €/tn between 02/2002 and 12/2010. Due to the variance, profitability estimations
for longer time periods are difficult and challenging to make. See figure 21 below for a

graph on the resin price and its volatility.

Historical Resin Prices
Resin: PET: PET Bottle Grade

2,000 —
1,600 —
1,200 4

BOO —

Euros(Tonne

Figure 20 PET Bottle grade raw material historical prices 2002 - 2010 source www.europlasticnews.com

Calculations in this thesis have been made using a bottle grade PET raw material price
of 1350 €/ton as an average. The price has been estimated using information supplied by
European plastic news website (EPN).It is above the average reference price calculated
using high and low prices from the abovementioned time periods described in figure 20
(Between February 2002 — March 2011 = 1282,50 €/tn)

9.1.2 Additives and colour

Depending on the grade or brand of PET used for production, various additives are
used. They can be used for example to give the preform the desired colour, enhance the
PETS viscosity (with chain extenders), or to use solid-stating accelerators to improve the

outlook or characteristics of the PET.
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ADDITIVES FOR THE MODIFICATION OF PET 499 Sppe ﬁgure 22 for examp|es on dosages of

Table 14.2  Chain extenders used 1o couple PET chains via resctive extension of end
groups

chain extenders are used. Chain extenders

Addition rate
Compound Tradenams Manufucturer (wife)
Pt Y s 002 (OF coupling agents) can serve to reverse the
around
el shide  THA - ""I'“"_ d MW damage caused by hydrolysis of poly-
heny lenchisoxueoline Mikuni (Japan) 04-1.5 an
preferably «
Al CBC DM esters or can modify the rheology of the
e polymer to increase its melt strength [66]. In
ipon B2 Shel 06
Myl Ciba s general, modification additives are adminis-
rexins (TGDDM) -
TopneryiphoynieTPP Varioas tered into the master batch_at a dose of cou-
I E cun bead to undesirable meol ross-linking. Chain branching

+ ecular branching and ching
mper the erysiallizason capability of PET and this may lesd oss in perfor-

ple of percent, or even fraction of an percent,

_ _ N as is the case of solid-stating accelerators
Figure 21 Chain extender dosage. Source: Additives

for the Modification of Poly(Ethylene Terephthalate)
to Produce Engineering-Grade Polymers by J Scheirs.  Some manufacturers of bottle-grade PET

already have added these aforementioned additives in or have eliminated these steps. As
the additives are not in the general scope of this thesis, they are not discussed further.
The dosage of additives/colour is estimated to be 0.25 — 5 %. Cost estimations for addi-

tives/colour are done in the following way:

- 25% of the 0.5 | bottle preforms were assumed to be a coloured
- 10% of the 1.5 | bottle preforms were assumed to be coloured
- These assumptions are based on surveying Oy Hartwall Abs product portfolio as

a general example (http://www.hartwall.fi/en/drinks/products/)

As the additives and colour are estimated to be dosed at relatively small amounts, an
estimated cost of 5 € for additives and 15 € for colour is used for %2 | and 15 € and 45 €

is used respectively for 1.5 | bottles.

9.2 Preform price (Product price without investments)

Two preform sizes are used as examples for thesis calculations. At the present, 0.5 | pre-
forms weighing 24 g and 1.5 | preforms weighing 41.5 g are commonly used by the
beverage industry. As discussed in chapter 9.1.1, bottle grade PET is estimated to cost
1350 €/ton FOB destination.
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1 ton of bottle grade PET raw material can produce:
0.5 | preforms =» 1000 kg /0.024 kg = 41666 preforms
1.5 | preforms =» 1000 kg/0.0415 kg = 24096 preforms.

It is assumed that the transparent preforms will include some additives and the coloured
preforms will require both the additives and colour. Thus 4 different Product (preform)

prices will be calculated using the formula below:

(PET raw material price+ additives+ colour (if the preform is coloured) /amount of pre-
forms produced)

= 0.5 | Transparent preform price:(1350 €+5 €)/41666 preforms = 0,0325 €

= 0.5 | Coloured preform price: (1350 €+5 €+15 €)/41666 preforms = 0,0329 €

= 1.5 1 Transparent preform price:(1350 € +15 €)/24096 preforms= 0,0566 €

= 1.5 1 Coloured preform price: 1350 € +15 €+45 €/24096 preforms = 0,0585 €

According to the expert source working in the beverage industry, the average price (In
October 2012) for 0.5 | preforms is 4.5 ¢ (0,045 €) and 1.5 | preform 6.45 ¢ (0,0645 €)
each. See table 6 below for a comparison on product costs without investments

Preform size Product cost  Sales price Difference Margin
without %
investments

0.5 | Transparent 0,033 € 0,0450 € 0,0125 € 27,78 %

0.5 1 Colour 0,033 € 0,0450 € 0,0121 € 26,89 %

1.5l Transparent 0,057 € 0,0645 € 0,0079 € 12,25 %

1.5 Colour 0,059 € 0,0645 € 0,0060 € 9,30 %

Table 6 Product cost without investments

As it is clear from table 6, the manufacture of 1.5 | preforms is much less profitable than
0.5 I preforms. However, 70 % of the drinks on the market in 2010 were bottled into 1.5
| preforms/bottles. According to the expert source in the beverage market the price for

coloured preforms is slightly higher than transparent preforms (about 1 - 2 €/1000 pcs)

9.3 Production capacity restrictions

According to the offer received from Husky, the total preform production capacity of

the HYPET 225 and HYPET 300 machines are according to figure 23 below;
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Yearly H
Config. ea;y ours Efficiency Annual Preform Production
ours

| 8400 95% 112,109,268
2 164,160,000

Figure 22 Production capacity of HYPET 225 & 300 [53]

Theoretically, it can be assumed that the 225-ton machine could produce 81 million 0.5
| preforms and the rest of its production capacity could be used in addition to the 300-
ton machines capacity to manufacture 189 million 1.5 | — 2 | preforms. These figures
are comparable to the domestic preform market of year 2010. These figures are well un-
der the annual full capacity figure given by Husky in their preform systems brochure.
(Hypet 225/0.5 | mould with 48 cavities 163 million pcs or 1.5 | 154.4 million pcs with
48 cavities. Hypet 300/0.5 | with 72 cavity mould 236.6 million pcs or 224.4 million pcs
of 1.5 | with 72 cavity mould. [54]

9.4 Background on cost calculations for plastics production

The original heating and electricity consumption figures to use for calculations were
based on the environmental permit of Himeen Lanka [36], on a vast array of production
machines. These consumption figures are however not applicable to the preform pro-
duction machinery electricity consumption. Table 7 below lists the main electrical ap-
pliances and an estimated calculation on their usage on a working year of 350 days. The
15 days left over from a full year, are considered to be service breaks and public holi-
days when the factory is closed. This is also the maximum estimated production effi-
ciency figure (95%, 8400 hours =» 350 days) given by the offer received from Husky.

The total electricity consumption was based on the following facts and estimations:

e The factory has 3 elevators

e 2 of the 3 floors will be illuminated for 16h/day/working week. Electrical light-
ing is estimated using a 5W/m? illumination need over a 3000 m? floor area

o 2 electrical forklift trucks will be used to transport the goods for 3 hours per day

e 1-2 Injection moulding machines will be used for production purposes, their
utilisation depending solely on the current order book. Their yearly consumption
has been calculated using both Injection moulding machines

Electricity consumption for the injection moulding machines was calculated from the

offer received from Husky [53], with a daily consumption of 9 MWh for the 225 ton
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machine. To estimate the consumption for the 300-ton machine, the electrical consump-
tion of the 225-ton machine was divided by its clamping force and multiplied by 300:

HyPET 225: 9 MWh X 24h X 350 days = 75600 MWh

HyPET 330: 9 MWh/225t = 0,04Mwh/h. 0,04 MWh X 300 = 12 MWh. The 300-ton
injection moulding machine consumption is 12 MWh =12 MWh X 24h X 350 days =
100800 MWh

Electricity consumption calculated with this information adds up to almost 400 MWh as
seen in table 7. By using the information on electrical pricing for industrial use from the

Statistics Finland web-site [49], an annual estimate can be calculated:

Electricity price for annual industrial use: 10,71¢ /kWh X 400,00 MWh = 0,107 € X
400 000 KWh =» 42 800 € ~43 000 €

To allow for some price and other possible power consumption fluctuations, a sum of

46 000 € is used for running the factory at full production capacity on 2 machines.

Equipment Daily usage/h Days/year Amount Yearly consump-  Unit
tion
3 Elevators 3 350 3 pcs 12,6 MWh
Lighting 16 350 2 floors 168 MWh
Forklifts 3 350 2 pcs 42 MWh
IM Machine 225 ton 24 350 1pc 75,6 MWh
IM Machine 300 ton 24 350 1pc 100,8 MWh
Total consumption 399,0 MWh
10,71 ¢/Kwh 45 666,74 €

Table 7 Estimated electricity costs for preform production, using a 225-ton and 300-ton injection moulding machines

9.5 Heating expenses

As described in chapter 2.6, the site is equipped with a large oil burner which used
208,3 tons of heavy oil a year for heating the factory. The main factory building has an
area of 3714 m? spread out over 3 floors (approximately 1200m?/floor). The proposed
preform production requires only 20 % of the factory facility area and needs heating.
This can be done by using the existing oil burner, but heating will be primarily handled
by using cooling water of the injection moulding machines. The warm cooling water
will be fed into the heating batteries and then back into the cooling system of the mould

in the Injection moulding machine. The need for heating oil is calculated by:
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(208, 3 tonnes / 300 days) [35] X 350 days (current working year planned with plastics
production) = 241,016 tonnes.

By using the information on heavy oil pricing for industrial use from the Statistics
Finland web-site [60], a yearly estimate can be calculated:

241,016 tonnes of 0il/100 X 20 % = 48, 2 tonnes oil consumption/year. At this con-

sumption, the yearly cost would be at:

48,2t X 1000kg X 0,612 €/kg [60] = 29500,35 €

To account for fluctuations, a figure of 30 000 €