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Abstract

The objective of this thesis is the study and analysis of 
the model kit industry in order to fnd issues that can be 
resolved by applying Systemic Design solutions.
By focusing on production processes and using two 
world renown companies, this thesis will try to defne 
the system network of this industry, from the Business 
to Business aspects to the Business to %ustomer ones. In 
addition to that, the thesis will also try and analyse the 
consumers of this industry products, the model builders. 
Using a survey, the thesis will explore their interaction 
with the hobby, their interest towards eco-friendly 
solutions and other elements, in order to understand 
how a systemic approach to the existing industry 
network may affect the consumer base.
In order to develop an effective system, case studies 
geared towards making plastic products more eco-
friendly will be analysed, in order to understand how to 
implement them in the network.
A test nation will be found in Germany, which will be 
studied in order to understand the country interest 
towards both the model kit industry and the recovery 
and recycling of plastic�

This thesis will then focus on the effects that opening 
the model kit industry system will cause, as well as how 
they will affect the existing actors. In particular, the 
introduction of a new material in the system and the 
launch of a user waste recovery system may allow the 
opening of the model kit industry towards the paper 
industry and an increase in �olystyrene recycling on the 
whole German territory.
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Introduction

The model kit industry has always been an niche sector 
in the plastic and resin industry. Covering many different 
types of products, these mainly fgure vehicles, from 
historical ones, like tanks and ships, to science fction 
and fantasy ones, like mechas and dragons. This 
industry has a long history, especially when considering 
the use of plastic. In its history, the main goal of all the 
companies producing model kits was to fnd a way to 
replicate all the details from the concepts and the real-
life counterparts.
But how can a niche industry focused on creating 
detailed and realistic model kits adopt Systemic Design 
solutions? Which issues in the industry can be resolved 
or, at least, minimized? Which branch of this sector is 
more susceptible to change, and how?

The objective of this thesis is to analyse the model kit 
industry, by fnding two case studies and analysing their 
product line, the innovations that were developed and 
which issues were covered. This thesis will also analyse 
the most common production methods in the sector, 
which material is used and how and which issues the 
production methods present.
After this initial analysis, the sector network map will be 
defned via research and, from that, there will be an 
application of the fndings from the previous analysis, in 
order to defne the potential challenges and 
opportunities that may present. From these, solutions 
will be identifed and analysed via multicriteria analysis, 
in order to understand which solution would be more 
effective in introducing Systemic Design tenets in the 
sector.
Given the niche nature of the model kit industry, it was 
necessary to understand the fnal users of the productss 
the model makers and builders. In order to have a solid 
feedback about potential changes in the industry, a 
survey was developed with the objective to connect 
with the model making community and understand 
how they would react towards changes and initiatives.

Once these analysis are completed, the systemic project 
will be developed. Starting with changing the sector 
network, the identifed solutions will be inserted, in 
order to visualize the initial changes and the effect that 
they would have. After, each solution will be defned in 
detail, through research on each topic. By fnding case 
studies, it will be possible to develop a solid 
understanding of each solution and how to make them 
interact with each other and with the system.V
The systemic project will be developed starting with the 
analysis of Germany as test nation, in order to defne the 
effectiveness of the project strategies on this  territory. 
Then, a new system for the model kit industry will be 
defned and analysed in its entirety and divided in 
material, commercial and information 7ows and its 
defnition on a micro, meso and macro territorial scale. 
In addition to that, the effects of the system will be also 
analysed on those scales and in three time periodss a 
short one 6<-@ years:, a medium one 6@-4 years: and a 
long one 643 years:, with the defnition of a goal towards 
the frst decade.
Finally, the potential outputs and outcomes of the new 
system will be presented starting from data related to 
model kit production and plastic waste, continuing with 
an analysis over the outcomes on the three territory 
scales and during the time periods.
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Based in Japanl the company BANDAI STIRI(S is part of the Bandai Namco 
Holdings Inc. Pstablished in 2218l BANDAI STIRI(S is part of the “Pntertainment 
Unit” of Bandai Namcol covering the “(oy and Hobby Business”l together with 
Bandai Co.. It “was established in 2218 with the goal of continuously accelerating 
business growth in global markets for products geared toward a mature fan base.” 
(Nao Udagawal Tresident and Chief Peecutive Offcerl BANDAI STIRI(S COl  (D 
Corporate Trofle 2222E  11d
Focusing on plastic model kits and collectible itemsl BANDAI STIRI(S is a 
Kabushiki-gaisha type of companyl literally translate as “stock company”. It has a 
main site in the G-Base (amachil located in (okyo and a secondary site in Hong 
Kong: the Bandai Namco (rading (HKE  imitedd
BANDAI STIRI(S is divided in various departmentsl the majority of which are on-site 
in the (okyo G-Based
In the city of Shizuoka is located the “Creation Departmentl Hobby Troducts 
Division”. (his department is based in the BANDAI HOBBY CPN(PR and is 
responsible for product planning and development of plastic model kitsl focusing 
on the Gunpla series. Other than the developmentl on-site are present the facilities 
needed for the production of said model kitsd
Also linked to model kits is the “Global Business Departmentl Hobby Troducts 
Division”l which is responsible for global marketing (salesl promotionl etc.E of plastic 
model kitsd
Under these two departments are located all the model kit brands linked to the 
Mobile Suit Gundam seriesl together with other ITs that BANDAI STIRI(S producesl 
usually still linked to the Mecha genre of animationd
(he rest of departments are focused on collector toysl character lottery and 
amusement prizes. Pach department covers various ITsl usually all collected under 
one singular brandd
In the “Collector (oys Department”l all the ITs are collected under the brand 
“(amashii Nations”l which presents high quality productsl which usually retail for 
high prices. (he reason is the high quality materials usedl often presenting internal 
components made of metal to ensure stability and guarantee solidity in the joints. 
(hese products are highly regarded for the quality of the details and the colours 
used on the toyl which faithfully represent what was shown on screend
(he “ ot ¸ Innovation Department” focuses on lottery characters. (hese statuesl 
often representing characters from animated seriesl fall under the brand 
“Ichibankuji”d
Finallyl the “BANTRPS(O Department” plansl developsl and sells prizes that are 
eeclusive to amusement facilities and can be won at crane games and other 
machines. In this casel the BANTRPS(O brand covers products that can vary from 
statues of charactersl to plushesl to branded objectsd
In totall BANDAI STIRI(S counts ··¶ employeesl divided in the various 
departmentsd
For this thesisl the products and the department that will be analysed are plastic 
model kitsl the ITs and the production methods of the  “Creation Departmentl 
Hobby Troducts Division”  111Ï

(he reason why BANDAI STIRI(S was chosen as a case study is because it managed 
to develop a very streamlined production process that utilizes methods that are 
very common in the model kit industry while also innovating and improving in 
every way that may allow for better products. (he innovations that will be described 
later also show an effort to try and make the production process less wasteful as 
possible.
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As previously mentionedl the Hobby Troducts Division presents a large catalogue 
of model kitsl each divided in lines and between the various ITs. As shown in the 
previous pagel BANDAI STIRI(S presents eight main ITS. Of thesel fve are the main 
ITs for the production and sales of toys and model kits. (he majority of these ITs 
(Anpanmanl TRP((Y CURP%l DRAGON BA   and One TieceE have their products 
part of the Figure-rise Standard and Figure-rise Standard Amplifed linesl which 
focus on action fgures with a variety of accessoriesd
(he IT “Mobile Suit Gundam”l which consists of a long-standing series both 
animated and in manga forml has its products part of the vast majority of lines 
produced by the Hobby Troducts Divisiond
(hese linesl which are all commonly known as “Gunpla” (from the union of Gundam 
and plasticE are differentiated by various factors: the scalel which goes from 1:144 to 
1:48l the level of detailsl which start from the simplest to buildl the High Grade linel 
to the most complee (with a higher number of components and thusl higher 
pricesEl the Terfect Grade lined
(hanks to thisl the Gunpla products manage to be open to almost anyonel 
independently of age and economic statusd
All of these plastic model kits are produced mainly using Tolystyrenel which is used 
for the majority of the components of the model kit. Some partsl thoughl can be 
manufactured in different plasticsl depending on the function in the model kit. An 
eeample are the polycapsl which are components that are used in the joints in 
order to guarantee the correct friction to allow movementl without being too loose. 
(hese polycaps usually are made of Tolyethylened
In some casesl usually when manufacturing components that need to be made in a 
feeible materiall thermoplastic elastomers ((TPE are usedd
In the case of Real Grade model kitsl some small components are manufactured 
already assembled togetherl in order to facilitate the overall assembly of the model 
kit. Usually these components are manufactured in both ABS (Acrylonitrile 
Butadiene StyreneE and TolypropyleneÏ

(hanks to the popularity of the Gunpla linel Bandai Namco saw the opportunity to 
develop sustainable activities using these products. Other than a recycling initiative 
that will be eeplored in detail later and the environmentally driven innovations in 
model kit planning and designl Bandai Namco developed the “Gunpla Academia”l a 
teaching resource based on the subject of Gunplad
(he objective of this Academia is to encourage kids to think about manufacturing 
and the global environment at elementary schools throughout Japand
(hrough the eeperience of assembling Gunpla and watching videos that showcase 
the facilities and production processes of the BANDAI HOBBY CPN(PRl where 
BANDAI STIRI(S plastic models are producedl as well as the work of the people 
involved in productionl this initiative allows students to learn about manufacturing 
and about recycling and other sustainable approaches to global environmental 
issues with the aim of raising interest in advanced technology and innovations for 
sustainable manufacturingd
(his interest in environmental issues and in encouraging the fnal users to 
participate in similar initiative will come back later.

g-base tamachi

bandai namco trading (hk) limited

Mobile Suit Gundam

Anpanman

PRETTY CURE!

KAMEN RIDER

ONE PIECE

DRAGON BALL

Ultraman

Super Sentai

bandai spirits co - main ips

toys and hobby
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Being part of a larger companyt BANDAI SPIRITS has access to a large number of 
IPs to  ork  ith to produce various toys and model kitst as stated previously. This 
also means that outside of the planning and developing of such productst there 
aren¹t many steps before the launch of a ne  line of products. This is possible 
thanks to the fact that the Bandai Namco Group has bought various animation 
studios and the rights to the merchandise of the animes aired by those studios. 
This  ayt the company has the ability to develop products both for existing 
characters and for ne  animations during the development of such media. An 
example  ould be the ne est animated series of “Mobile Suit Gundam”t titled “The 
Witch from Mercury”. In this caset the anime  as launched in 2022 and the model 
kits that reproduce the mechas are being launched together  ith their appearance 
in the anime.

Bandai Namco and BANDAI SPIRITS follo  a different business model  hen it 
comes to developing and launching products for another company¹s IP. The rights 
holders have the main say  hen it comes to merchandising and IP usage. As sucht 
the merchandise must be developed in a  ay that faithfully represents the 
characters and the elements from the IP itself. The same goes for the development 
of media: in this caset  hether it is a television productiont a moviet publishing or 
even marketing through internet ads or eventst the IP must be used in a  ay that 
the rights holders approve. This could mean avoiding sho ing characters or events 
that appear later in the IP Üin this caset usually comics or light novels)t in order to 
avoid spoilers. The same precautions must be taken during the promotion periodt 
 hich has the objective to interest the customers in consuming the media 
presented.
When it comes to the development of the merchandiset the Toys and �obby 
Department may  ork together  ith a development or production partner. This 
usually happens  hen the merchandise can not be produced by the facilities that 
the Bandai Namco Group o ns.
Once the merchandise production has started and the fnished products can be 
shippedt the distribution is divided bet een physical stores and ercommerce ones. 
These stores can be both frstrparty Üo ned by the Bandai Namco Group) and thirdr
partyt o ned by private o ners or other companies. An example is the Cosmic 
Groupt a chain that serves as offcial distributors in Italyt France and  nited 
Kingdom for the brand Bandai Tamashii.
From the storest thent the customers can buy the fnished products that  ere 
advertised E2t :/. ÜImage. Õ)
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The production process of the model kits is a streamlined process thanks to all the 
years of experience that the BANDAI SPIRITS manufacturing team has in designing 
the kits.  ach model has a number of parts varying from .0 to .00t depending on 
the line the model kit is part oft the complexity of the inner frame of the model kit 
and the details and colour separation needed to provide a faithful recreation of the 
mecha.
The frst step in the process is planning. This step sees the decision of  hich 
product  ill be developed. It could be a ne  subrline of Gunplas Üan example is the 
series “Master Grade �er.Ka”t solely developed by the designer �ajime Katoki  ho 
redesigned the model kitst both already released or  ithout a physical counterpartt 
focusing on improving its visuals and proportions) or a series of Gunpla linked to an 
airing animet like the aforementioned “The Witch from Mercury”t recently aired.
After planning the model kitt the design phase sees the creation of a 3D CAD 
modelt using images and videos from the sho t of both the main mecha and its 
accessories. Developing the 3D model allo  the designers to better understand the 
details of the robott and to test the freedom of movement the model kit should 
have in order to replicate particularly iconic movements and poses from the media. 
This step is crucialt since the follo ing steps and the fnished products depend on 
the digital model: each component of the fnal model kit is modelledt so that it is 
possible to both plan the interlocks and to prototype it before launching 
production.
Once the 3D model has been developedt the prototyping phase starts. This phase 
sees the digital model produced via 3D printing. This allo s for fast prototyping 
that allo  to maintain the details designed digitally and testing the durability of 
each component. This phase also allo s to test the solidity of the interlocks of the 
model kit and the tightness of the joints. Once the prototype gets testedt the digital 
model is modifed accordingly and this process gets repeated until the fnal result 
reaches the standards needed for launching production.

Since the production method that BANDAI SPIRITS employs for model kits is 
injection mouldingt before the production can start it is necessary to make metal 
moulds. These moulds are initially machined in order to speed up the processt 
cutting in the metal the main shapes and larger details of the model kit. After the 
initial machiningt the minute details are carved by hand. This is uniúuely possible 
thanks to the fact that the mould making facility is o ned by the Bandai Namco 
Group. This allo s for lo er production costs for the mouldst  hich often reach 
prices  ell over ð0¹000 ö thanks to the complexity of the details of the model kits.
Once the moulds are readyt the production phase starts. The model kit are 
produced using a injection moulding methodt  hich injects the melted plastic in 
the mouldst making so that it takes the shape needed. Over the years Bandai 
developed various technologies in order to reduce plastic  aste and to speed up 
production. One of these is the Iropla technology. This technology allo s the 
production of a multircoloured runnert and  ill be described in more detail later.
Once the plastic is injectedt the mould gets cooled do nt completing the 
production in around 20 seconds. This production method allo s for industrial 
mass production.
Finallyt once all the runners that hold the model kit components are producedt they 
get packaged frst in transparent plastic bagst  hich are sealed shutt and then 
placed in a cardboard box together  ith an instruction manual. Both the box and 
the manual present various images of the assembled model kitt  ith iconic poses 
that sho  the ample range of movements of the model kit. The box also present a 
dedicated art ork on itt in order to entice the potential customers. ÜImage. 2)
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 ANDAIaSPIRITSaclaaoreruipgaererpfnreaafmra uufeli fuaa uanofeGe uoaicr oa
mferpak iaa uafoeroafiaoreGeraGalorafeanplai eta c praai ppaml uil u uoac ocaqGlp igdaIua
foeroaifaefaaftaefGoae eeroruiaafpGi fuaa roralefnireaeofmaicrafaelpagrloafea 0199

Tcrafoaia aaicraoreGei fuafeaicrae lmriroafeaicraoGuurota c praml uil u uoabficaicra
mfpiruanplai ea�f alueaicraqGlp igafeaicraeril padaTc aa laanfaa bpraiclukaaifa
errnroamfGpearuoole uoata c ecacrpnreaml uil u uoac ocaqGlp iga uaicraeril paafea
icramferpak idaTcrae eeroruera aaqG iraufi erlbprta  icalaoreGei fuafeaicrae lmriroafea
lbfGiaclpedaTc aaoreGei futaicfGocta aaml upgaoraroereaefoaicrarxiroulpanloiafeaicra
oGuurodaWc pra ia fGpeanofblbpgabranfaa bpraifaoreGeraicrae lmriroafealpafaicra
 uiroulpaboluecraafeaicraoGuurotaicraefuurei fuanf uiaa  icaicramferpamlgabrefmra
iffabo iipralueaufiaailbprarufGocaifanofe eralaalerae aio bGi fuafeaicrafu acrea
nofeGeida(Imlorda3)
AuficroaafpGi fua aaicraofGue uoafeaicrarxiroulpaefouroaafeaicraoGuurodaTc aaeroga
a mnpraecluora uaaclnracrpnreaoreGe uoaicramliro lpaGalorta  icfGia
efmnofm a uoar icroaicraafp e igafeaicraoGuuroafoaicraeril paqGlp igafeaicramferpak i.
(Imlorda4)
Tcraic oeaafpGi fua laaifafoolu �ralppaicramferpak iaefmnfuruiaaepfaroaiforicroafua
icraoGuurodaTc aa laaufiaera ourea uafoeroaifafiamforanloiaafualaa uopraoGuuroa
eolmrtabGiaifaoreGeraicrae mrua fuafeaicraoGuurodaTc aaafpGi futaefmb urea  icaicra
nore fGaai ftalppf aaefoaluarxerni fulpaoreGei fuafeamliro lpaurrereda(Imlorda�)
TcrafulpaafpGi fua aaicraormfelpafeanloiafeaicrafGiroaeolmrafeaicraoGuurodaTc aa aaufia
erogaefmmfualuea aaoraroereafupgaefoaafmranofeGeiadaUaGlppgaicraranofeGeiaa
brpfuoaifaicra“SGnroaDrefomre”ap urta c ecanoraruiaamferpak iaaicliaclera
rxloorolireanofnfoi fuataGaGlppga  icalab oacrlealueaamlpproaifoafalueap mbadaTc aa
 aalpafakuf ualaa“rc b aaigpr”alueaicranofeGeiaanloiafeaicra“SD”ap uraloraGaGlppga
mlera  icapraaanloiaa(lofGuea�0ªta c ecaefu�iaGaGlppga uepGeraamlpproalueamforaeol pa
efmnfuruiada(Imlordaf©

Appa ualpptaicraraefGoaafpGi fuaacleralmfGuireaifalaoreGei fuafealuuGlpaefuaGmni fua
feanplai eabgalnnofx mlirpga70aifuad
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W icamforaiclua40agrloaafeap ertaicra Gunplap urafeanofeGeiaaal aluacGmbpraailoia ua
1980daWcruafoaianofeGeretaicramferpak iaa roramfufecofmli etarlecamreclamlera
 ualaefpfGoreanplai eaicliaornofeGereaicraml uaefpfGoaicramrecla laanl uirea  ica
 uaicralu mlireaaro radaTcramreclaornoraruili erafeaicraaro rataicraR -78- a
 Guelmtaefoarxlmnprta laanofeGerea ualaefmnprirpga c iranplai edaTcliamrluiaiclia
icramferpabG peroaacleaifanl uiaicramferpak iaafueralaarmbpredaIuafoeroaifacrpna ua
ic aaoroloetaicra uaioGei fuabffkpria uepGerealaefpfGoaoG ertaafaicliaicramferpa
bG peroaa fGpeaclerabrrualbpraifaornofeGerael iceGppgaicraefpfGoaabgaicrmarpera9

Tcorragrloaaplirota ua1983taicraIofnplairecufpfoga laaererpfnredaTc aairecufpfogaclea
icraml uafbÚrei erafeanofe e uoaicramferpabG peroaa  icalamforael iceGpa
ornoraruili fuafeaicramreclaalaaarrua uaicralu mrta  icfGiaorqG o uoaeGoicroa foka
ficroaiclualaarmbp uoaicramferpak idaIuafoeroaifaefaic ataicraIofnplairecufpfoga
lppf aaefoa uÚrei uoanplai eafeae eeroruiaefpfGoaaefoaicranofeGei fuafeaicraoGuuroada
Wc pra ia aaufia mnprmruireaefoarlecaoGuuroafealamferpak ia(GaGlppgaicra uuroaeolmra
 aamlerafGiafeaelokaoorganplai eªtaicraIofnplairecufpfoga aaGareGpa uafoeroaifaoreGera
nplai ea lairabficaeGo uoanofeGei fualuealeiroalaarmbpgafeaicramferpak ida ga
lppf  uoaefoamGpi efpfGoreaoGuuroataicrora aaufaurreaefoaarnloliraoGuuroaae e ereabga
efpfGotaicGaaoreGe uoaicraqGlui igafeanplai eaurrereda(Imlorda7)
Apaftaic aairecufpfoga aanloi eGplopga rppaGarea uaicrap uraaelpprea“Rrlpa oler”ta
“Mlairoa oler”aluea“Proereia oler”daAppafeaicrmaerp eroac ocpgaeril preamferpak iaa
iclianoraruialpmfaiaufaai ekroaaGareaefoaefpfGoaefoorei futalaafnnfareaifaicra“Ô oca
 oler”ap urta c ecafeiruaurreaefpfGoreaai ekroaaefoaeroil uanloiadaIualppaicorrafeaicrara
p urataicraefpfGoae e a fua aafeaicrac ocraiaprerptaafamGecaafaicliaicraai ekroaao erua
  icaicramferpak iaaGaGlppgafupgaefua aiafeaicraefpfGoaefoaicra“rgra”afeaicramreclta
mrilpp eaefpfGoreaeril paalueaerelpatap kraeferaalueacl�loea lou uoa9

Iua1987taefGoagrloaaplirotaicraSuln-fiairecufpfoga laaererpfnreda refora ita Gunpla
mferpak iaaorqG oreaopGraifalaarmbprdaTcra erlabrc ueaSuln-fia laaifalppf a
laarmbpgaufiafupga  icfGiaicraGarafeaopGrtabGiarxepGa erpgaGa uoa uiropfekadaTc aa
irecufpfoga laaaGbarqGruipgaererpfnrea uaicra“MGpi -Iuaroiarlai uo”talamferpp uoa
irecufpfogaiclianornloraaicraefmnfuruiaa uafoeroaifalppf anroereiafii uoabri rrua
nloiatarlagalaarmbpgalueae efeGpialee eruilpae alaarmbpgda(Imlorda8©

Tcrairecufpfogabrc ueaicraera ouafeamferpak iaakrniarefpe uotaererpfn uoaicra
TfGecoliralueaUuerooliraera oua uanfa i fu uoafeaicramferpak iaefmnfuruiaafua
icraoGuuroada ficaera oua erlaa roraererpfnreaiforicroa  icamfGpeamlk uoa
irecufpfo ra.
TcraUuerooliraera oua laaererpfnrea  icaicra erlafeaefuurei uoaicraefmnfuruiaa
lueaicraoGuuroaa uanfa i fuaac eerualeiroaicramferpak ialaarmbpg3aic aa lgtapraaa
eprlu uoa laaorqG oreabgaicramferpabG peroaleiroaerilec uoaicraefmnfuruiaeofma
icraoGuuroda(Imlorda9)
TcraTfGecoliraera outa uairleta laaererpfnrea  icaicra erlafeaefuurei uoaicra
efmnfuruiaifaicraoGuuroaGa uoafupgalaamlpproaefuileianf uiabri rruaicrai fdaIua
ic aaelartaicrafbÚrei era laaifaoreGeraicraurreafeaep nnroaaifaeGiaicraefmnfuruia
l lgaeofmaicraoGuuroda(Imlorda10)
TcraTfGecoliraera oua aaGaGlppgaoraroereaefoaplooroarxiroulpaefmnfuruiatap kra
ifoafadaTcraraefmnfuruiaaloraGaGlppgaaiGoegarufGocaifalef eaurre uoalaafp ea
efuurei fuanf uia  icaicraoGuuroaluetabr uoarxiroulptalorafeiruaecrekreamfora
icfofGocpgdaTcGataicranfirui lpanoraruerafeae a bpraefuileianf uiaa aaufialacGora
 aaGrtaa ueraicrga fGpeaoriaeprlure.
TcraUueroolirairecufpfogta uairleta aaGaGlppgaGareaefoaamlpproan rerataicliaurreaifa
bra rppaefuureireaifaicraoGuuroa uafoeroaifabraefmnprirpgafpprea  icanplai edaTcrara
efmnfuruiaaGaGlppgacleraamlppalueanore araeril pataafaicrgamGaiabraareGoreaifaicra
oGuuroalueanfa i fu uoaicraefuileianf uia uala�fura  icaufaeril pa(GaGlppgaicrableka
feaicranloiªalppf aaefoalaplooroalueamforaailbpraefuurei fua  icfGiapffa uoaeril pad

Image 3. Reduction of runners diameter
Image �. Rounding of runners cornerF
Image �. �ight¦� ¦aid out product partF
Image f. Remo¾a¦ of the outer frame of 
the runner

Image [. k�amp¦e of Irop¦a�
produced runner
Image 	. k�amp¦e of Ánap��t 
techno¦og�
Image À. k�amp¦e of �ouch �ate 
design
Image «². k�amp¦e of 
Undergate design
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As many other companies, BANDAI SPIRITS has also adopted various SDGs in order 
to improve its sustainability. The Sustainable Development Goals that BANDAI 
SPIRITS has adopted include, but are not limited at, the solution described 
beforehand. (Image. 12)
The goals that the developed solutions try to reach are the ninth, “Industry, 
Innovation and Infrastructure”, which is tackled by the development of KPS and the 
multi-coloured moulding machine; the machine is also an effort to work towards 
the seventh goal, “Affordable and Clean Energy”. �inally, the solutions to reduce 
material used in the production of model kits try to reach the twelfth goal, 
“Rensponsible Consumption and Production”.
BANDAI SPIRITS has also developed efforts to work towards various other goals.
As an effort to work towards the fourth goal, “ruality Education”, BANDAI SPIRITS 
hosts factory tours, mainly aimed towards children from local elementary, junior 
high, and high schools.
As well as the production process for plastic models, the visitors can also learn 
about the environmental initiatives BANDAI SPIRITS is taking to become a green 
factory.
In addition, BANDAI SPIRITS is part of the project “[obby City Shizuoka”, which 
promotes creative education. Thus, the facility offers on-site classes at elementary 
schools in Shizuoka prefecture, as part of the “Gunpla Academia” described 
beforehand. The employees explain the processes involved in the planning, 
development and production of plastic models, and then assemble plastic models 
with the students, in order to familiarize them with the manufacturing in the 
facilities, thus increasing the student�s interest in local industries.
Other than the multi-coloured moulding machine, BANDAI SPIRITS is working 
towards the seventh goal by also putting efforts towards a better management of 
environmental resources.
The Erst effort was the installation of large solar panels on the outer walls of the 
BANDAI [OBB� CENTER. These panels generate around :/�000 k h of solar 
energy annually, thus contributing to about :� of the power used in the factory.§
The second effort is the storing of rainwater, which gets Eltered through 
puriEcation equipment. This equipment is in a storage facility in the factory 
basement and it is able to store around two tons of water. This water is then 
recycled for fushing toilets in the factory itself.  ith this system, approximately 
2,000 tons of water are recycled annually.
There are various efforts from BANDAI SPIRITS to work towards the eight goal, 
“Decent  ork and Economic Growth”.§
The Erst was the introduction of the “�eister System” at the BANDAI [OBB� 
CENTER. The objective of this system is to “ensure that future generations inherit 
the skills of our expert craftsmen who have valuable techniques for plastic model 
production.” (Excerpt from the SDGs online page from the ofEcial BANDAI SPIRITS 
site, httpsº��www.bandaispirits.co.jp�about�sdgsÌen�¦lÁen¥. The title of �eister is 
given to employees with “undisputedly outstanding techniques who are eager to 
improve their own expert knowledge and skills, and are also willing to train and 
mentor their successors.” (Excerpt from the SDGs online page from the ofEcial 
BANDAI SPIRITS site, httpsº��www.bandaispirits.co.jp�about�sdgsÌen�¦lÁen¥.
This is to motivate the employees to improve together, as well as to continue to 
offer high quality products.
Another effort was to implement various systems in order to create a work 
environment that would allow the employees to achieve a good work-life balance.
Some examples include more fexible working schedules and styles, especially 
geared towards helping with parenting, like childcare leave, fextime and shorter 
working hours. It was also introduced a maternity payment system to support 
childbearing and parenting.
Similar systems were introduced in order to allow employees to take leave, work 
shorter hours or fextime when necessary, like in the occurrence of family 
emergencies.
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During the production of the model kits, a certain amount of plastic becomes 
waste.
The waste from production can be divided in two categoriesº one is the sprue, 
which is the plastic that goes from the extrusion funnel (in injection moulding¥ to 
the runner and the components machined in the mould. This material is cut off 
from the cooled runner when it gets extracted from the mould and often is 
reintegrated in the production cycle.
The second type of production waste are failed products. These range from failed 
prints, to broken parts, to fashes caused by an excessive injection of plastic.
All of these issues are resolved thanks to the intrinsic property of plastic that allows 
it to be recycled and reused without problems. This makes so that it is possible to 
input back into the production process what was previously an output.
Another issue is obviously the use of great quantities of plastic. Now, BANDAI 
SPIRITS has gone great lengths in order to reduce the use of said material, but the 
main issue is that the plastic used is “virgin”. This means that it is material 
appositely produced and since it is oil based, the plastic used, Polystyrene, is not 
product of recycling and needed raw monomers to be polymerized and then 
coloured as needed. This means that the resources needed to produce the plastic 
are not particularly environmentally friendly. Because of this, BANDAI SPIRITS has 
started working towards reducing the usage of virgin plastic materials and 
introducing products made out of recycled plastic.
BANDAI SPIRITS has developed the KPS plastic. This material is a Polystyrene (PS¥ 
reinforced (“Kyouka”, �apanese word for reinforced¥, completely recyclable with 
other Polystyrene and mainly used for plastic model kits.§
Other than this, BANDAI SPIRITS also started the initiative Gunpla Recycling 
Project. This initiative, which will be analysed mode in depth later in the thesis, has 
the objective of recovering the empty runners from the customers and recycling 
them in three different waysº either recycling the plastic mechanically, 
manufacturing a dark grey material called “ECOP)A”, recycling the recovered 
runners chemically or using them in order to generate thermal energy to power the 
facilities used to produce Gunplas. (Image. 11)
On the topic of energy, another development in the production process that the 
company has worked on is a multi-coloured moulding machine that allows for the 
Iropla production of model kits. This machine allows for reduction of both power 
consumption and material usage, thanks to the applications of the solutions 
mentioned beforehand.
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In order to work towards the tenth goal, “Reduced Inequalities”, all the Enal packing 
factories that produce BANDAI SPIRITS products undergo audits at least once a 
year. The audits are used both to verify the manufacturing system and the 
compliance with laws and regulations, and to ensure that workers� rights set by the 
international labour organizations of the country are protected. Other than that, all 
the workplace safety measures are inspected.
Other than the innovations in reducing material usage, BANDAI SPIRITS took more 
efforts towards the twelfth goal, efforts that help the company work also towards 
the 1:th goal, “)ife on )and”. Both of these efforts have the objective to reduce the 
paper usage in packaging.
The Erst effort is to print instruction manuals for some Egures directly on the 
packaging, instead of using separate booklet, thus reducing the paper usage. In a 
similar fashion, the company started printing the background design for the Egure 
directly inside the package, instead of on cardboard that has previously been used.
These efforts have led to a reduction of 2.A tons of paper per year.
BANDAI SPIRITS is also reviewing the use of blister packaging, a cushioning 
material made of transparent plastic (PET¥ and making efforts to switch to 
cardboard cushioning >12=.

adopted sdg

Image 11. From left to right: Gunpla Recycling Project scheme 
description, Gunpla Recycling Project marketing showing how 
runners can become ECOPLA, runners made in recycled plasti
c
Image 1�. �¡Gs adopted by andai ¤amco Group
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SPIRITS has adopted include, but are not limited at, the solution described 
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The waste from production can be divided in two categoriesº one is the sprue, 
which is the plastic that goes from the extrusion funnel (in injection moulding¥ to 
the runner and the components machined in the mould. This material is cut off 
from the cooled runner when it gets extracted from the mould and often is 
reintegrated in the production cycle.
The second type of production waste are failed products. These range from failed 
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All of these issues are resolved thanks to the intrinsic property of plastic that allows 
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coloured as needed. This means that the resources needed to produce the plastic 
are not particularly environmentally friendly. Because of this, BANDAI SPIRITS has 
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company has worked on is a multi-coloured moulding machine that allows for the 
Iropla production of model kits. This machine allows for reduction of both power 
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In 2021 the revenue of the toys and hobby products saw a slight reduction from 
2020, but interestingly, saw a favourable performance of products geared towards 
mature fan base (model kits and collectables).
In 2021 the Mobiel Suit Gundam franchise overcame as biggest earner the DRAGON 
BALL franchise, which is still the greatest earner outside of the Toys and Hobby 
sector. As a matter of fact, the Mobile Suit Gundam is the only franchise that 
registered a growth in revenue between 2020 and 2021.
Comparing these data with the third quarter of 2022, it is possible to notice a 
constant growth of the Mobile Suit Gundam franchise, together with the growth of 
the DRAGON BALL and ONE PIECE franchises, which both launched an animated 
movie in that yearV

Analysing the data relative to the shipment of model kits, it is possible to notice 
that from the initial production in :uly 1m50 to March 2021, 535,24 million units were 
shipped of the ereal  series of Gunplas (the term is used to agglomerate all the 
Grade lines together), while the Super Deformed line of Gunpla shipped 176,6 
million units from :uly 1m57 to March 2021. This marks a total of 714,54 million 
cumulative units of Gunpla plastic model kits shipped from the launch of the 
product line until March 2021.
Comparing these data to March 2022, the number raised to 555,26 million units of 
the ereals  series of Gunplas and to 150,44 million units for the Super Deformed line, 
for a total of 735,70 million cumulative units [2, 4].
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As shown in the data, the sales for the Mobile Suit Gundam series are 
pro�ected to reach around 150 billion �en by the third 	scal quarter of 2025. 
While this is plausible thanks to the constant growth of the sales and the 
revenue that the franchise is managing to produce, an interesting factor is 
the vision for the regional sales ratio. At the time of the third 	scal quarter of 
2021, the sales in :apan alone covered 65� of the total series sales, while the 
sales in the rest of Asia amounted to 22� and the remaining 10� was covered 
by Europe and the Americas.
The Bandai Namco Group has a goal to increase the total ratio of overseas 
sales to 50�, focusing its efforts towards China and North America. This is 
shown as in April 2021 a lifesi�e Gundam exhibit was opened in China, near a 
large-scale commercial facility.
In North America the previous Mid-term Plan registered an increase in 
demand as a full-scale rollout of an in-house e-commerce site was 
implemented, expanding the sales network to large-scale retailers.
Other than these actions, a live-action movie is currently in production in 
Hollywood and further growth is anticipated when it launches [3, 5].
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As shown in the data, the sales for the Mobile Suit Gundam series are 
pro�ected to reach around 150 billion �en by the third 	scal quarter of 2025. 
While this is plausible thanks to the constant growth of the sales and the 
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Bandai’s history shows the development of various 
mode kits and toys based on Japanese media, especially 
animes taking place in sci-f universes  113.

In 1950, BANDAI-YA was established in Asakusa-
Kikuyabashi, Taito-ku, Tokyo.

In 1955 the industry pioneering ¶uality control system 
was established and BANDAI’s frst toy with product 
warranty was released.

In 1961 the company name changed from BANDAI-YA to 
BANDAI.
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In 19�� the frst product of the Chogokin line was 
launched, the Chogokin Mazinger. This line would 
pioneer the production of mecha toys with parts in 
metal.

In 1980, to promote the anime Mobile Suit Gundam, the 
Gunpla line was launched, kickstarting a franchise that 
became loved globally.

In 1981 the Iropla technology was developed, which frst 
introduces multi-colour moulding technology to mould 
parts in four different colours on a runner sheet for 
plastic model kits�

In 198� the Snap-ft technology was developed, which 
enables construction of model kits without adhesive.
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In 1990 the High Grade dHG` line was launched, a 1/1�� 
scale standard Gunpla brand.

In 1995 the Master Grade dMG` line was launched, a 1/100 
scale advanced Gunpla brand. The name was used to 
indicate the advanced comple6ity of the model kits and 
their details.

In 1998 the Herfect Grade dHG` line was launched, the 
highest-grade brand Gunpla on a scale of 1/60. This line 
was designed to perfectly replicate the mechas as seen 
on screen, with plenty of gimmicks and minute details 
that even the Master Grade line was unable to present.

In ;006 the BANDAI HeBBY CQNTQ, plastic model kits 
production plant dShizuoka Hrefecture` opened.

In ;008 an e6clusive Hremium Bandai online store was 
launched. en this site is possible to buy e6clusive model 
kits, unreleased outside of events and this online store.
Also, An 18-meter-high, Life-Sized Gundam Statue 
appears at the edaiba Shiokaze Hark in commemoration 
of the 10th anniversary of the airing of Mobile Suit 
Gundam on T>. During 5; days of e6hibition, around �.15 
million people visit the park to see the statue.
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In ;010 the ,eal Grade d,G` Gunpla line was released, a 
line that wanted to combine the 1/1�� scale of High 
Grade with the realistic looks and details of Master 
Grade.

In ;018 BANDAI SHI,ITS Co, Ltd was established.

In ;0;0 the goal of over �00 million Gunpla units 
shipped was reached and a new plant at the Bandai 
Hobby Center was built, with the aim of bolstering 
plastic model production capabilities, including Gunpla.�

In ;0;1 the Gunpla ,ecycling Hroject was launched. In 
this project, Gunpla runners are collected with the aim 
of producing plastic model kits through chemical 
recycling in a joint initiative with the customers.

First toy with 
warranty

Birth of 
Bandai-�a

Name changed 
to BANDAI

Birth of the 
Chogokin line

Birth of the Gunpla 
model kit line

Development of the 
Iropla technology
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Birth of the �igh Grade 
line of Gunpla kits

Birth of the (aster Grade 
line of Gunpla kits

Birth of the Perfect 
Grade line of Gunpla kits

Birth of the Real Grade 
line of Gunpla kits

Creation of the 
Bandai �obby Center

Launch of Premium 
Bandai model kits 

and a life-sized 
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Establishment of 
Bandai Spirits C�

Launch of the Gunpla 
Recycling Project
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launch of a 
new plant

1950 1955 1961 197- 1920 1927 1927 1990 1995 1992 2006 2009 2012 202020)0 202)



191q

BANDAI
SPIRITSHISTORICAL OVERVIEW

19
ª

0
-1

9
¦

0

Bandai’s history shows the development of various 
mode kits and toys based on Japanese media, especially 
animes taking place in sci-f universes  113.

In 1950, BANDAI-YA was established in Asakusa-
Kikuyabashi, Taito-ku, Tokyo.

In 1955 the industry pioneering ¶uality control system 
was established and BANDAI’s frst toy with product 
warranty was released.

In 1961 the company name changed from BANDAI-YA to 
BANDAI.

19
ä

0
-1

9
q

0

In 19�� the frst product of the Chogokin line was 
launched, the Chogokin Mazinger. This line would 
pioneer the production of mecha toys with parts in 
metal.

In 1980, to promote the anime Mobile Suit Gundam, the 
Gunpla line was launched, kickstarting a franchise that 
became loved globally.

In 1981 the Iropla technology was developed, which frst 
introduces multi-colour moulding technology to mould 
parts in four different colours on a runner sheet for 
plastic model kits�

In 198� the Snap-ft technology was developed, which 
enables construction of model kits without adhesive.

19
9

9
0

-2
0

0
0

In 1990 the High Grade dHG` line was launched, a 1/1�� 
scale standard Gunpla brand.

In 1995 the Master Grade dMG` line was launched, a 1/100 
scale advanced Gunpla brand. The name was used to 
indicate the advanced comple6ity of the model kits and 
their details.

In 1998 the Herfect Grade dHG` line was launched, the 
highest-grade brand Gunpla on a scale of 1/60. This line 
was designed to perfectly replicate the mechas as seen 
on screen, with plenty of gimmicks and minute details 
that even the Master Grade line was unable to present.

In ;006 the BANDAI HeBBY CQNTQ, plastic model kits 
production plant dShizuoka Hrefecture` opened.

In ;008 an e6clusive Hremium Bandai online store was 
launched. en this site is possible to buy e6clusive model 
kits, unreleased outside of events and this online store.
Also, An 18-meter-high, Life-Sized Gundam Statue 
appears at the edaiba Shiokaze Hark in commemoration 
of the 10th anniversary of the airing of Mobile Suit 
Gundam on T>. During 5; days of e6hibition, around �.15 
million people visit the park to see the statue.

2
0

10
-2

0
2

0

In ;010 the ,eal Grade d,G` Gunpla line was released, a 
line that wanted to combine the 1/1�� scale of High 
Grade with the realistic looks and details of Master 
Grade.

In ;018 BANDAI SHI,ITS Co, Ltd was established.

In ;0;0 the goal of over �00 million Gunpla units 
shipped was reached and a new plant at the Bandai 
Hobby Center was built, with the aim of bolstering 
plastic model production capabilities, including Gunpla.�

In ;0;1 the Gunpla ,ecycling Hroject was launched. In 
this project, Gunpla runners are collected with the aim 
of producing plastic model kits through chemical 
recycling in a joint initiative with the customers.

First toy with 
warranty

Birth of 
Bandai-�a

Name changed 
to BANDAI

Birth of the 
Chogokin line

Birth of the Gunpla 
model kit line

Development of the 
Iropla technology

Development of the 
Snap-ft technology

Birth of the �igh Grade 
line of Gunpla kits

Birth of the (aster Grade 
line of Gunpla kits

Birth of the Perfect 
Grade line of Gunpla kits

Birth of the Real Grade 
line of Gunpla kits

Creation of the 
Bandai �obby Center

Launch of Premium 
Bandai model kits 

and a life-sized 
Gundam statue 

appeared
Establishment of 
Bandai Spirits C�

Launch of the Gunpla 
Recycling Project

700 mil 
Gunplas 
shipped, 

launch of a 
new plant

1950 1955 1961 197- 1920 1927 1927 1990 1995 1992 2006 2009 2012 202020)0 202)



212q

Games
WorkshopCASE STUDY

G
e

n
e

ra
l 

p
re

s
e

n
ta

ti
o

n

The british company Games Workshop is a model kit company that started in 1975 
as a miniature retailer, created by the three friends John Peake,  an Livingstone and 
Steve Jackson in London.
Games Workshop is a “Publicly-Owned Company” (a company whose ownership is 
organized via shares of stock which are intended to be freely traded on a stock 
exchange or in over-the counter markets) that produces both miniatures and 
model kits for its brands, which are divided mainly in wargames and box games.  t 
works with the company Citadel Miniatures, initially a separate entity, for the 
production of its plastic miniatures and model kits.
Games Workshop has a subsidiary company in Forge World, which produces highly 
detailed, expensive and exclusive miniatures and model kits in resin.
Soon after the birth of Games Workshop, the company started producing and 
publishing the magazine “White Dwarf”. This magazine was focused on roleplaying 
games and wargames, talking about the most important brands and news. With 
time and with the growth of Games Workshop, White Dwarf became completely a 
“house organ”, publishing exclusively news and articles on the new Games 
Workshop products.
While originally born in London, the company relocated to Lenton, Nottingham, 
where Citadel Miniatures had its site. Here are present the headquarters, the White 
Dwarf newsroom, manufacturing facilities and mail-order and shipping offces for 
Europe, and the offces of the creative groups that design miniatures and games.
The company is divided in various departments.ë
The Development Department and the Production Department are responsible for 
Wargames and Box Games.
The Publishing Department covers both the publishing of White Dwarf and of the 
Black Library books. The Black Library is the division of Games Workshop that 
publishes various stories taking place in the Fantasy and Sci-f universes where the 
Games Workshop games are set.
Finally, the Painting and Hobby Supplies department works on all of the tools 
needed to participate in the hobby. These tools are all produced under the Citadel 
brand.
 n total, Games Workshop counts 2’436 employees, divided in the various 
departmentsÌ

Games Workshop takes great pride in the hobby, so much so that presents a 
“Games Workshop Hobby” guide on its offcial site. This guide is divided in four 
steps: collecting the miniatures/models, assembling them, painting the miniatures 
and starting playing. These steps also focus on the customizing aspect of things: 
the customers are pushed to customize their miniatures, whether by kitbashing 
them (combining various miniatures/models together) or by painting them without 
following offcial colour guides..

The reason why Games Workshop was chosen as a case study is because it 
managed to develop a very streamlined production process that utilizes different 
methods for different materials. During the years since the start of producing 
proprietary miniatures, Games Workshop has changed material a number of times, 
from pewter to resin, to Polystyrene. This evolution in material used went hand in 
hand with an evolution in products, that managed to become more detailed and 
bigger.
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The  ntellectual Properties that Games Workshop owns are mainly linked to 
tabletop gaming. The most known franchises are Warhammer 40’000, which 
launched in 1987, Warhammer (also known as Warhammer Fantasy in order to 
distinguish it from the Sci-f cousin), launched in 1983 and then rebooted in 2015 as 
Warhammer Age of Sigmar, and Warhammer Horus Heresy, launched in 2013, 
which brought the model makers and wargame players in a prequel to 
Warhammer 40’000.
 n 2001, thanks to the immense popularity of the Lord of the  ings movie trilogy 
produced by Peter Jackson, the wargame Middle Earth was launched.
All of these games saw the evolution of materials used in the production of 
miniatures. Warhammer 40’000 and Warhammer Fantasy both started with 
pewter miniatures, then were produced in resin and fnally in Polystyrene.
When it comes to the other wargames, all of them have both plastic and resin 
miniatures, but the Warhammer Horus Heresy ones started as resin products, 
exclusive to Forge World.
On this topic, Forge World produces miniatures for both the wargames and the box 
games. All of its products are made in resin and are known to be very detailed, but 
often present minor issues, like warping, that can easily be corrected by the model 
builder before assembly. The models and miniatures are exclusive to the online 
shop and have high detail and high retail price, with special rules dedicated to the 
“Apocalypse” version of the wargames. This version sees huge armies of models 
fghting, which often causes the games to be divided in multiple days.  nterestingly 
enough, the models and their rules can be used in normal games of Warhammer 
40’000 and Age of Sigmar.
When it comes to box games, the various  PS can be generally divided between the 
Age of Sigmar universe (Warhammer Underworlds, Warcry and Warhammer Quest) 
and the Warhammer 40’000 universe (Kill Team, Necromunda). These games 
usually offer quicker gaming sessions, whether it is an encounter between smaller 
armies (Underworld, Warcry, Kill Team and Necromunda) or role playing games 
(Warhammer Quest). All of these games are sold in boxes, with Underworld, Warcry, 
Kill Team and Necromunda that offer expansions in the form of miniatures bundles, 
which often are enough to build and paint a squad of characters to play games 
with.
 n an interesting fashion, the game Blood Bowl is a game where a team of fantasy 
creatures face one against the other in a violent version of American football. 
Similar to the other games, each team represents a fantasy race, like elves or 
dwarves and possesses different rules and abilities.
Games Workshop also offers books that narrate the events happening in the 
universes where all the games take place, thanks to the Black Library publishing 
company. The books allow the readers to immerse themselves in the lore of each 
universe and many stories span a number of volumes. One of the most famous and 
beloved series is the “Horus Heresy”, taking place in a version of Warhammer 
40’000, 10’000 years before the age where the games happen. This series of books, 
which reached a total of 62 volumes, has inspired the Warhammer Horus Heresy 
wargame.
Finally, Games Workshop offers its customers a number of tools for assembling and 
painting its miniatures and models under the Citadel brand. These tools range from 
brushes of various measures, to miniature holders, to cutting knives, to glues and 
colour palettes. There is also a very ample range of paints, each with a different 
name based on either characters, races or places in the universes. There are various 
types of paints, from more simple base colours to “shades” a variety of paints that 
are more �uid and don’t require thinning with water, which set in the recesses of 
the models and allow for the development of natural shades.
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The business is controlled centrally from the Headquarters in Nottingham.
As it is possible to notice from the scheme in the previous page, the business 
model is divided in a few main areas.
The core business is split in �ve departmentsr Product Design and IP Creation, 
Manufacturing and Supply Chain, Sales, Marketing and Operations and Support.
The licensing sector has been recently split into two main areasr Media and �ideo 
Games. 
A Global IP and Product Design Director is responsible for all of the design studiosr 
miniatures, books, bod games, specialist systems, hobby supplies and the Black 
Library publishing business.
All of these studios work together with a Creative Director who manages the 
licensing team, in order to ensure any content produced, whether physical or 
virtual, represents the company’s IPs.
The responsibility for the retail chain is split between two retail territory heads, one 
for North America and Asia and one for the rest of the world, while the trade sales 
are the responsibility of a single Head of Trade Sales.
The online store (the biggest store of the company) is the responsibility of the Rest 
of the World Retail Manager, who also manages Warhammer World, the company’s 
biggest physical store. These sales channels are supported by a merchandising 
team, managed by the Global Manufacturing and Supply Chain Director, and by the 
marketing team under the company Marketing Manager. The Global 
Manufacturing and Supply Chain Director also manages the factories and the four 
main warehouse facilities in Nottingham, Memphis and Sydney{

Games Workshop is an international business centrally run from Nottingham, with 
78% of the sales coming from outside the United Kingdom. The headquarters 
consist in two main factories, two warehouse facilities, design studios and back 
of�ce all based in or near the city.
All the products are designed in the headquarters, employing 284 people. The 
designs include all the IP and all the associated miniatures, artwork, games and 
publications. Annually, these specialist staff produce hundreds of new sculpts, 
illustrations, rules, stories,... delivering new products every week, in order to keep 
the customers engaged and edcited for new releases. In 2021/22 Games Workshop 
invested I16.7 million in the studio, with a further I5.7 million spent on tooling for 
new plastic miniatures.
The products are distributed from the main warehouse at the headquarters H] or 
from a rented warehouse facility approdimately 25 minutes away. These facilities 
supply two hubs; one in Memphis, Tennessee and one in Sydney, Australia. Between 
these four facilities, is possible to directly supply the independent retailers, the 
company retail stores and ful�l online orders.
On this topic, the core revenue of the company is generated via three sales 
channelsr �rst-party retail stores (“Retail” in the scheme), third-party independent 
retailers (“Trade” in the scheme) and the company online store (“Online” in the 
scheme). Games Workshop products are also sold via licensing partners.
All these channels and activities are supported by the company digital and 
marketing team.
The �rst-party retail store provide Games Workshop products in their geographical 
area. They edclusively stock the company products and are estimated the reason 
why the majority of new customers enter the hobby. In order to do so, the stores 
don’t offer the full range of products, but focus on starter sets, newly released 
products, and the appropriate edtended range. Also, these stores offer various 
Citadel-branded hobby tools, like paints, brushes and holders, in order to facilitate 
the participation in the hobby.
At the end of 2022, 518 retail stores in 2* countries were counted and contributed to 
around 2*% of the year’s sales �7t.
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Out of the retail stores, 400 are single staff storesr small sites, each operated by only 
one store manager. The remaining 118 stores are multi-staff. All stores are 
constantly reviewed in order to ensure pro�tability. If a multi-staff store can’t 
remain pro�table, it may be converted in a single staff store.
The third-party retailers buy Games Workshop products under closely controlled 
terms and conditions. These retailers are seen as an integral part of the company 
business model, since they help to sell the products around the world, especially in 
areas where �rst-party store aren’t located. The bulk of the sales to these retailers is 
handled by the telesales teams in Memphis and Nottingham. There are also small 
telesales teams in Sydney, Tokyo, Shanghai, Singapore, Hong Kong and Kuala 
Lumpur.
In 2021/22 the company worked with 6,200 independent retailers (from 5’400 in 
2021) in 72 countries. 55% of the core revenue came from sales to independent 
retailers in the period reported. These sales are from physical stores as well as 
online web store�
Sales via our the Games Workshop web stores accounted for 22% of total core 
revenue in 2021/22. All of the �rst-party retail stores also have a web store terminal 
that allows the customers to access the full range of products from within the store. 
The web stores are run centrally from the Nottingham headquarters.
Licenses are granted only to a number of carefully selected partners. This allows 
Games Workshop to leverage its IPs to broaden the presence and brand edposure 
of Warhammer around the world, often entering new markets such as board 
games, apparel or accessories and media and entertainment, generating additional 
income. Currently, the majority of this income is generated by video games sales in 
North America, the United Kingdom and Continental Europe.
Finally, the marketing team acts as a bridge between the various business areas, 
ensuring a jointed approach between products (from design to manufacturing) and 
sales.
Also, the marketing team spends a lot of time interacting with the customer base, 
in order to keep their needs at the forefront �7t.
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The business is controlled centrally from the Headquarters in Nottingham.
As it is possible to notice from the scheme in the previous page, the business 
model is divided in a few main areas.
The core business is split in �ve departmentsr Product Design and IP Creation, 
Manufacturing and Supply Chain, Sales, Marketing and Operations and Support.
The licensing sector has been recently split into two main areasr Media and �ideo 
Games. 
A Global IP and Product Design Director is responsible for all of the design studiosr 
miniatures, books, bod games, specialist systems, hobby supplies and the Black 
Library publishing business.
All of these studios work together with a Creative Director who manages the 
licensing team, in order to ensure any content produced, whether physical or 
virtual, represents the company’s IPs.
The responsibility for the retail chain is split between two retail territory heads, one 
for North America and Asia and one for the rest of the world, while the trade sales 
are the responsibility of a single Head of Trade Sales.
The online store (the biggest store of the company) is the responsibility of the Rest 
of the World Retail Manager, who also manages Warhammer World, the company’s 
biggest physical store. These sales channels are supported by a merchandising 
team, managed by the Global Manufacturing and Supply Chain Director, and by the 
marketing team under the company Marketing Manager. The Global 
Manufacturing and Supply Chain Director also manages the factories and the four 
main warehouse facilities in Nottingham, Memphis and Sydney{

Games Workshop is an international business centrally run from Nottingham, with 
78% of the sales coming from outside the United Kingdom. The headquarters 
consist in two main factories, two warehouse facilities, design studios and back 
of�ce all based in or near the city.
All the products are designed in the headquarters, employing 284 people. The 
designs include all the IP and all the associated miniatures, artwork, games and 
publications. Annually, these specialist staff produce hundreds of new sculpts, 
illustrations, rules, stories,... delivering new products every week, in order to keep 
the customers engaged and edcited for new releases. In 2021/22 Games Workshop 
invested I16.7 million in the studio, with a further I5.7 million spent on tooling for 
new plastic miniatures.
The products are distributed from the main warehouse at the headquarters H] or 
from a rented warehouse facility approdimately 25 minutes away. These facilities 
supply two hubs; one in Memphis, Tennessee and one in Sydney, Australia. Between 
these four facilities, is possible to directly supply the independent retailers, the 
company retail stores and ful�l online orders.
On this topic, the core revenue of the company is generated via three sales 
channelsr �rst-party retail stores (“Retail” in the scheme), third-party independent 
retailers (“Trade” in the scheme) and the company online store (“Online” in the 
scheme). Games Workshop products are also sold via licensing partners.
All these channels and activities are supported by the company digital and 
marketing team.
The �rst-party retail store provide Games Workshop products in their geographical 
area. They edclusively stock the company products and are estimated the reason 
why the majority of new customers enter the hobby. In order to do so, the stores 
don’t offer the full range of products, but focus on starter sets, newly released 
products, and the appropriate edtended range. Also, these stores offer various 
Citadel-branded hobby tools, like paints, brushes and holders, in order to facilitate 
the participation in the hobby.
At the end of 2022, 518 retail stores in 2* countries were counted and contributed to 
around 2*% of the year’s sales �7t.
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Out of the retail stores, 400 are single staff storesr small sites, each operated by only 
one store manager. The remaining 118 stores are multi-staff. All stores are 
constantly reviewed in order to ensure pro�tability. If a multi-staff store can’t 
remain pro�table, it may be converted in a single staff store.
The third-party retailers buy Games Workshop products under closely controlled 
terms and conditions. These retailers are seen as an integral part of the company 
business model, since they help to sell the products around the world, especially in 
areas where �rst-party store aren’t located. The bulk of the sales to these retailers is 
handled by the telesales teams in Memphis and Nottingham. There are also small 
telesales teams in Sydney, Tokyo, Shanghai, Singapore, Hong Kong and Kuala 
Lumpur.
In 2021/22 the company worked with 6,200 independent retailers (from 5’400 in 
2021) in 72 countries. 55% of the core revenue came from sales to independent 
retailers in the period reported. These sales are from physical stores as well as 
online web store�
Sales via our the Games Workshop web stores accounted for 22% of total core 
revenue in 2021/22. All of the �rst-party retail stores also have a web store terminal 
that allows the customers to access the full range of products from within the store. 
The web stores are run centrally from the Nottingham headquarters.
Licenses are granted only to a number of carefully selected partners. This allows 
Games Workshop to leverage its IPs to broaden the presence and brand edposure 
of Warhammer around the world, often entering new markets such as board 
games, apparel or accessories and media and entertainment, generating additional 
income. Currently, the majority of this income is generated by video games sales in 
North America, the United Kingdom and Continental Europe.
Finally, the marketing team acts as a bridge between the various business areas, 
ensuring a jointed approach between products (from design to manufacturing) and 
sales.
Also, the marketing team spends a lot of time interacting with the customer base, 
in order to keep their needs at the forefront �7t.
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The production methods that Games Workshop adopted during the years were 
always a variation o  casting a mould to produce the models. The main changes 
were linked with the material o  the mould and the material  or the cast. Initially, 
the moulds were made in silicone. This material was used together with the frst 
sculpt o  the product, which was initially made iy hand. The silicone is then 
vulcanized, so that iecomes rigid and maintains the shape o  the sculpt. Once the 
mould is ready, molten pewter is cast in. This was called “Diecast” method.
With the development o  moulding technology, the material switched to resin. This 
material allowed to produce miniatures and models with sharper and cleaner 
details compared to pewter. The resin is Polyurethane, mixed with a curing agent 
and injected in the moulds. This method was duiied “Finecast” and is still used  or 
Forge World models.
With the increase in popularity and demand the moulds in silicone were not aile to 
produce the volume o  miniature and models required. Thus, metal moulds were 
adopted. While more expensive, these moulds were aile to mantian the details  or 
much longer than the silicone ones, allowing  or higher production volumes.
Nowadays the majority o  Games Workshop miniatures are made in Polystyrene, 
using an injection moulding technique. This allows  or quicker production and the 
moulds are not damaged iy the material used.
All the miniatures are now produced on “gates” or runners, where the models are 
divided in a numier o  parts, connected with a structure, similar to the runners that 
BANDAI SPIRITS uses  or its model kits. Initially, the miniatures were produced as 
almost complete sculpts, with only a  ew parts disconnected. This was possiile 
thanks to simpler designs and less details. Also, pewter could only ie glued with 
cyanoacrylate glue, which would iecome irittle once dry. Polystyrene can ie glued 
using particular solvents, which  use the material together, creating a stronger 
iond. (Image. 13, 14, 15, 16, 17)

The production process that the manu acturing team o  Games Workshop  ollows 
starts  rom the design process.
The miniature is planned, deciding which  action o  which IP the product will ie 
part o . There are various iase size which will in©uence various aspects o  ioth the 
role the miniature will have to play and the “type” that will ie. For examples, iigger 
iase sizes are usually used  or vehicles, while 3ê mm iases are used  or smaller 
characters and troop units. 
Once the miniature has ieen planned and designed, it gets prototyped. In the 
earlier years o  production, these prototypes were hand sculpted, usually using two-
part putty, which hardened a ter a certain time ieing mixed. The prototypes 
nowadays are sculpted using digital so twares, iut trying to capture a cohesive 
style, in order to ilend in with the rest o  the  action line. For example, elven 
characters will have sleeker designs, with delicate details, while ork characters will 
have a more irutal look, o ten with armor made out o  scraps and crudely worked 
metal plates.
The prototypes are also used to plan the contact points  or each component o  the 
miniature or modelç this step is crucial, since the prototype will ie used as a master 
 or the moulds and the positioning o  the components is done automatically iy a 
machine.
The moulds are then machined and these can cost up to 1��é��� ±. This is the 
reason why, with time, Games Workshop aisoried the �itadel }iniature company. 
Initially, Games Workshop did not produce directly its products, iut outsourced 
them to �itadel. Once Games Workshop managed to acquire the company, the 
production costs plummeted. Also, thanks to the in-house production o  the �AD 
fles used to machine the moulds, it is possiile  or them to produce independently 
the moulds. This also reduced extremely the costs o  production r14f.

P
ro

d
u

c
ti

o
n

 P
ro

c
e

s
s

Once all the previous steps are completed, the production starts. Depending on the 
IP, the  action and the exclusivity o  the model, it will ie produced under the Forge 
World or the �itadel irand, either in resin or in plastic.
Games Workshop employs an injection moulding process to produce its plastic 
miniatures and, in order to incentivize ioth the painting and the customization o  
its products, uses a monochromatic grey plastic. 
To  acilitate assemily, each model comes with an instruction manual, while the 
cardioard iox is used to show various options. On the  ront the product is shown 
assemiled, painted and placed in  ront o  a iackground. On the iack are shown 
the optional ways to assemile the model itsel . In some cases, especially with 
models o  a  action divided in di  erent sui actions, on the iack is possiile to see 
various di  erent ways to paint the miniatures, in order to reproduce the colour 
palettes o  said sui actions. (Image. 1ì�
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The long manufacturing history of Games Workshop has as a focal point the 
change of materials used in production. While the previously mentioned change in 
mould material was needed to maintain the quality of products for higher 
production volumes, it was also necessary because of the erosion of the silicon 
moulds caused by the materials adopted. The molten pewter damages the moulds 
with time because of its initial high temperature. The resin, instead, produces heat 
while curing. This causes the moulds to last only around 3� production cycles, then 
new ones were needed. This issue was not limited to the silicon moulds, but also 
affects the metal ones. This is why the resin products, even if with sharper details, 
are limited to the Æorge World brand. Thanks to the high prices and exclusivity, 
these products are not in a high demand similarly to the plastic models. The 
Polystyrene model, as an added bonus, have a much faster production cycle, since 
are produced via in¸ection moulding, which includes a cooling phase, which is not 
available for the productions with resin.
Another issue that is limited to resin products are the deformations and damages 
that may occur to the model during shipping. The resin is much more brittle than 
plastic and often softens during long travels. This may cause warping during 
transportation and often extra work is needed by the model builder to straighten 
back the components. Luckily, this can easily be done by warming up the resin. In 
order to help the model builders with its resin products, Games Workshop has a 
free online document called “Working with Resin Miniatures” [15] that details all the 
steps and the tools needed to clean up any defect that occurred in the model.
One step that is particularly necessary for resin models, independently to warping 
or other possible issues, is the washing of the components of the model. This step is 
needed because the models have a slight glossy sheen on them, caused by the 
release agent used to remove the parts from the moulds. To clean them is enough 
to soak them in warm soapy water for a few minutes, followed by a thorough scrub 
with an old toothbrush or similarly soft bristled tool.

Image 13. Example of a Blood Bowl pewter miniature
Image 1®. �entrifugal machine used to produce pewter 
miniature�
Image 15. Example of resin runner of a Games Workshop 
miniature
Image 1¬. �omparison between a pewter miniature and a resin 
recas�
Image 1«. Example of plastic runner of a Games Workshop 
miniature
Image 1ì. ²chemati¶ation of the modern Games Workshop 
model kit production process

production process

Planning Design Prototryping Moulds Produ�tion Delivery
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The production methods that Games Workshop adopted during the years were 
always a variation o  casting a mould to produce the models. The main changes 
were linked with the material o  the mould and the material  or the cast. Initially, 
the moulds were made in silicone. This material was used together with the frst 
sculpt o  the product, which was initially made iy hand. The silicone is then 
vulcanized, so that iecomes rigid and maintains the shape o  the sculpt. Once the 
mould is ready, molten pewter is cast in. This was called “Diecast” method.
With the development o  moulding technology, the material switched to resin. This 
material allowed to produce miniatures and models with sharper and cleaner 
details compared to pewter. The resin is Polyurethane, mixed with a curing agent 
and injected in the moulds. This method was duiied “Finecast” and is still used  or 
Forge World models.
With the increase in popularity and demand the moulds in silicone were not aile to 
produce the volume o  miniature and models required. Thus, metal moulds were 
adopted. While more expensive, these moulds were aile to mantian the details  or 
much longer than the silicone ones, allowing  or higher production volumes.
Nowadays the majority o  Games Workshop miniatures are made in Polystyrene, 
using an injection moulding technique. This allows  or quicker production and the 
moulds are not damaged iy the material used.
All the miniatures are now produced on “gates” or runners, where the models are 
divided in a numier o  parts, connected with a structure, similar to the runners that 
BANDAI SPIRITS uses  or its model kits. Initially, the miniatures were produced as 
almost complete sculpts, with only a  ew parts disconnected. This was possiile 
thanks to simpler designs and less details. Also, pewter could only ie glued with 
cyanoacrylate glue, which would iecome irittle once dry. Polystyrene can ie glued 
using particular solvents, which  use the material together, creating a stronger 
iond. (Image. 13, 14, 15, 16, 17)

The production process that the manu acturing team o  Games Workshop  ollows 
starts  rom the design process.
The miniature is planned, deciding which  action o  which IP the product will ie 
part o . There are various iase size which will in©uence various aspects o  ioth the 
role the miniature will have to play and the “type” that will ie. For examples, iigger 
iase sizes are usually used  or vehicles, while 3ê mm iases are used  or smaller 
characters and troop units. 
Once the miniature has ieen planned and designed, it gets prototyped. In the 
earlier years o  production, these prototypes were hand sculpted, usually using two-
part putty, which hardened a ter a certain time ieing mixed. The prototypes 
nowadays are sculpted using digital so twares, iut trying to capture a cohesive 
style, in order to ilend in with the rest o  the  action line. For example, elven 
characters will have sleeker designs, with delicate details, while ork characters will 
have a more irutal look, o ten with armor made out o  scraps and crudely worked 
metal plates.
The prototypes are also used to plan the contact points  or each component o  the 
miniature or modelç this step is crucial, since the prototype will ie used as a master 
 or the moulds and the positioning o  the components is done automatically iy a 
machine.
The moulds are then machined and these can cost up to 1��é��� ±. This is the 
reason why, with time, Games Workshop aisoried the �itadel }iniature company. 
Initially, Games Workshop did not produce directly its products, iut outsourced 
them to �itadel. Once Games Workshop managed to acquire the company, the 
production costs plummeted. Also, thanks to the in-house production o  the �AD 
fles used to machine the moulds, it is possiile  or them to produce independently 
the moulds. This also reduced extremely the costs o  production r14f.
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Once all the previous steps are completed, the production starts. Depending on the 
IP, the  action and the exclusivity o  the model, it will ie produced under the Forge 
World or the �itadel irand, either in resin or in plastic.
Games Workshop employs an injection moulding process to produce its plastic 
miniatures and, in order to incentivize ioth the painting and the customization o  
its products, uses a monochromatic grey plastic. 
To  acilitate assemily, each model comes with an instruction manual, while the 
cardioard iox is used to show various options. On the  ront the product is shown 
assemiled, painted and placed in  ront o  a iackground. On the iack are shown 
the optional ways to assemile the model itsel . In some cases, especially with 
models o  a  action divided in di  erent sui actions, on the iack is possiile to see 
various di  erent ways to paint the miniatures, in order to reproduce the colour 
palettes o  said sui actions. (Image. 1ì�
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The long manufacturing history of Games Workshop has as a focal point the 
change of materials used in production. While the previously mentioned change in 
mould material was needed to maintain the quality of products for higher 
production volumes, it was also necessary because of the erosion of the silicon 
moulds caused by the materials adopted. The molten pewter damages the moulds 
with time because of its initial high temperature. The resin, instead, produces heat 
while curing. This causes the moulds to last only around 3� production cycles, then 
new ones were needed. This issue was not limited to the silicon moulds, but also 
affects the metal ones. This is why the resin products, even if with sharper details, 
are limited to the Æorge World brand. Thanks to the high prices and exclusivity, 
these products are not in a high demand similarly to the plastic models. The 
Polystyrene model, as an added bonus, have a much faster production cycle, since 
are produced via in¸ection moulding, which includes a cooling phase, which is not 
available for the productions with resin.
Another issue that is limited to resin products are the deformations and damages 
that may occur to the model during shipping. The resin is much more brittle than 
plastic and often softens during long travels. This may cause warping during 
transportation and often extra work is needed by the model builder to straighten 
back the components. Luckily, this can easily be done by warming up the resin. In 
order to help the model builders with its resin products, Games Workshop has a 
free online document called “Working with Resin Miniatures” [15] that details all the 
steps and the tools needed to clean up any defect that occurred in the model.
One step that is particularly necessary for resin models, independently to warping 
or other possible issues, is the washing of the components of the model. This step is 
needed because the models have a slight glossy sheen on them, caused by the 
release agent used to remove the parts from the moulds. To clean them is enough 
to soak them in warm soapy water for a few minutes, followed by a thorough scrub 
with an old toothbrush or similarly soft bristled tool.

Image 13. Example of a Blood Bowl pewter miniature
Image 1®. �entrifugal machine used to produce pewter 
miniature�
Image 15. Example of resin runner of a Games Workshop 
miniature
Image 1¬. �omparison between a pewter miniature and a resin 
recas�
Image 1«. Example of plastic runner of a Games Workshop 
miniature
Image 1ì. ²chemati¶ation of the modern Games Workshop 
model kit production process
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Analysing the revenue of Games Workshop in the year  0  , it is possible to notice 
how the main external core revenue comes from the sales in the  orth America 
region.  ollowed by Continental (urope and by the United Kingdom, these three 
regions together cover almost 902 of the total external core revenue of the 
company.
Analysing the revenue for Trade  the sales through thirdtparty retailersn, this trend 
remains constant, with the United Kingdom and Continental (urope market 
covering432 of the trade revenue  (90,4 millionn, while the  orth America region 
accounts for 462 of the revenue  (96,5 millionn. In the Trade revenue the Black 
Library sales account for 0,£2 of the total, around (1,6 million.
In the Retail revenue, is possible to notice that the United Kingdom region and the 
 orth America region are closer in percentage,  9,52 and 3£,52 respectively, when 
compared with the previous dataÁ
 inally, the online sales revenue keeps the difference constant, with the three 
previously mentioned regions still accounting for more than 902 of the revenue.
In all the revenue areas, the regions where there is less demand of Games 
Workshop products are the Asia region and the “Rest of the World”, which accounts 
zones where there are no frsttparty Games Workshop retailers [7].
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Games Workshop has a few objectives for the future.
The frst is to mitigate a decline in the gross earning of around  2  (£ millionn.  or 
this, they are foreseeing an increase in product prices on the existing range of 
around 52. (ven if they will absorb part of the cost pressure internally, and only 
increase prices for the newly released products, it is foreseen that increasing the 
prices on a larger scale will be needed.
Other than that, the company will also complete a project that will develop a new 
fnished goods warehouse near  ottingham and a new (RP  (nterprise Resource 
Planning, a management software that integrates all business processes and all 
relevant business functions, such as sales, purchasing, warehouse management, 
fnance or accountingn system.

In order to grow in terms of retail stores, Games Workshop is planning to open  1 
additional stores+ 15 in  orth America and 5 in (urope, in  rance, where the sales 
registered a successful year.
In addition to that, Games Workshop is planning to open their frst large store in 
Japan, the Warhammer café in Tokyo [7].

Recently, Games Workshop has also announced an initiative that offers to recover 
the empty runners from the model makers, in selected stores all around the United 
Kingdom.

EXTERNAL CORE REVENUE

RETAIL

United Kingdom

Continental Europe

North America

Australia & New Zealand

Asia

Total

25,7 £m (29,5%)

18,5 £m (21,2%)

33,6 £m (38,5%)

7,3 £m (8,4%)

2,1 £m (2,4%)

87,2 £m (22,5%)

TRADE

UK & Continental Europe

North America

Australia & New Zealand

Asia

Rest of the world

Black Library

Total

90,4 £m (43,0%)

96,5 £m (46,0%)

11,4 £m (5,4%)

8,5 £m (4,0%)

1,6 £m (0,8%)

1,6 £m (0,8%)

214,3 £m (55,4%)

ONLINE

United Kingdom

Continental Europe

North America

Australia & New Zealand

Asia

Rest of the world

Total

19 £m (26,1%)

16,3 £m (22,4%)

31,4 £m (43,1%)

4,4 £m (6,0%)

0,4 £m (0,5%)

1,4 £m (1,9%)

85,3 £m (22,1%)

Total 368,8 £m

United Kingdom 83,4 £m (21,6%)

Continental Europe 95,6 £m (24,7%)

North America 169,7 £m (43,9%)

Australia & New Zealand 23,3 £m (6,6%)

Asia 11,8 £m (3%)

Rest of the world 3 £m (0,8%)

external core revenue

Economic data extrapolated from Games Workshop Group PLC Annual Report 2022, section “Business model and structure”, page 67
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Analysing the revenue of Games Workshop in the year  0  , it is possible to notice 
how the main external core revenue comes from the sales in the  orth America 
region.  ollowed by Continental (urope and by the United Kingdom, these three 
regions together cover almost 902 of the total external core revenue of the 
company.
Analysing the revenue for Trade  the sales through thirdtparty retailersn, this trend 
remains constant, with the United Kingdom and Continental (urope market 
covering432 of the trade revenue  (90,4 millionn, while the  orth America region 
accounts for 462 of the revenue  (96,5 millionn. In the Trade revenue the Black 
Library sales account for 0,£2 of the total, around (1,6 million.
In the Retail revenue, is possible to notice that the United Kingdom region and the 
 orth America region are closer in percentage,  9,52 and 3£,52 respectively, when 
compared with the previous dataÁ
 inally, the online sales revenue keeps the difference constant, with the three 
previously mentioned regions still accounting for more than 902 of the revenue.
In all the revenue areas, the regions where there is less demand of Games 
Workshop products are the Asia region and the “Rest of the World”, which accounts 
zones where there are no frsttparty Games Workshop retailers [7].
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Games Workshop has a few objectives for the future.
The frst is to mitigate a decline in the gross earning of around  2  (£ millionn.  or 
this, they are foreseeing an increase in product prices on the existing range of 
around 52. (ven if they will absorb part of the cost pressure internally, and only 
increase prices for the newly released products, it is foreseen that increasing the 
prices on a larger scale will be needed.
Other than that, the company will also complete a project that will develop a new 
fnished goods warehouse near  ottingham and a new (RP  (nterprise Resource 
Planning, a management software that integrates all business processes and all 
relevant business functions, such as sales, purchasing, warehouse management, 
fnance or accountingn system.

In order to grow in terms of retail stores, Games Workshop is planning to open  1 
additional stores+ 15 in  orth America and 5 in (urope, in  rance, where the sales 
registered a successful year.
In addition to that, Games Workshop is planning to open their frst large store in 
Japan, the Warhammer café in Tokyo [7].

Recently, Games Workshop has also announced an initiative that offers to recover 
the empty runners from the model makers, in selected stores all around the United 
Kingdom.

EXTERNAL CORE REVENUE

RETAIL

United Kingdom

Continental Europe

North America

Australia & New Zealand

Asia

Total

25,7 £m (29,5%)

18,5 £m (21,2%)

33,6 £m (38,5%)

7,3 £m (8,4%)

2,1 £m (2,4%)

87,2 £m (22,5%)

TRADE

UK & Continental Europe

North America

Australia & New Zealand

Asia

Rest of the world

Black Library

Total

90,4 £m (43,0%)

96,5 £m (46,0%)

11,4 £m (5,4%)

8,5 £m (4,0%)

1,6 £m (0,8%)

1,6 £m (0,8%)

214,3 £m (55,4%)

ONLINE

United Kingdom

Continental Europe

North America

Australia & New Zealand

Asia

Rest of the world

Total

19 £m (26,1%)

16,3 £m (22,4%)

31,4 £m (43,1%)

4,4 £m (6,0%)

0,4 £m (0,5%)

1,4 £m (1,9%)

85,3 £m (22,1%)

Total 368,8 £m

United Kingdom 83,4 £m (21,6%)

Continental Europe 95,6 £m (24,7%)

North America 169,7 £m (43,9%)

Australia & New Zealand 23,3 £m (6,6%)

Asia 11,8 £m (3%)

Rest of the world 3 £m (0,8%)

external core revenue

Economic data extrapolated from Games Workshop Group PLC Annual Report 2022, section “Business model and structure”, page 67
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Games Workshop history is very interesting, since it 
follows the growth of a company born of three friends 
and the evolution in materials used in the miniature and 
models industry [16].

In 1975 Games Workshop was born in London.

Two years later, in 1977, the frst number of the magaaine 
White Dwarf was published.

In 197; the frst physical Games Workshop store was 
open. At the time, they were selling traditional board 
games, like Backgammon.

In 1979 the frst original Games Workshop miniatures 
was produced. They were nameless characters made in 
pewter, designed to be used other roleplaying games.

In 19;i the frst edition of Warhammer was published, 
creating a new hobby.

In 19;6 the frst SciZf miniatures were produced and 
amongst them, the Space Marine, to this day the face of 
Warhammer <^:^^^.

In 19;7 the frst edition of Warhammer <^:^^^ was 
published, called Warhammer <^:^^^ fogue Trader, 
thanks to the popularity of the Space Marine.
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In 1997, Games Workshop:s head offce relocated to the 
Nottingham, in search for room to grow. Together with 
the new offces, the Warhammer World visitor centre 
was created in the process�
In the same year, the Black Library publishing company 
was created, to produce fction set in the universes of 
Warhammer.

In x^^1 a wargame based on the movie trilogy of Lord of 
the fings was published, Middle �arth.

In x^^< the computer game Dawn of War, developed by 
the studio felic managed to bring to life the tactical 
wargames set in the Warhammer <^:^^^ universe.

In x^^7, thanks to the advances in mould making and 
design technology, Games Workshop was able to start 
producing new bigger and more complew models, like 
the uBanebladet tank, previously present only in the 
books.
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In x^1i, based on the popularity of the �orus �eresy 
novel series, Forge World brought the battles from the 
dawn of the Warhammer <^,^^^ setting to tabletops for 
the frst time.

In x^15, the Warhammer Fantasy universe was rebooted 
into Warhammer Age of Sigmar.

In x^16 the online Warhammer ommunity site was 
published, which provided a central hub for news and 
articles on every aspect of the Warhammer hobby.

In x^17 the ;th edition of Warhammer <^:^^^ was 
launched, which brought a large number of new and 
more complew and detailed miniature�

In x^x^ the 9th and latest edition of Warhammer <^:^^^ 
was launched.
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Igjrn efgn foulegintmenmnvroynufgintee foy.nBregin trn fe noerln rntgfufiyn fon
 meen oflon efgnf n ume enn oflon esnegjrn efgn foulegintmen rrgnlrvruf rln fonmn
vroynufgin e r. 
Ttrnfoe negjrn efgn foulegin mntegrnwmenlrvruf rlnegn1172n yn trn of troenJftgn
mglnIememtnWreurynHym  .nTteen mntegrnwmenorum evruynnoolrnegnnf  moeefgn fn
 mntegrenegnoern flmysnwforeginuerrnmnumoirnty flro enngrrlur.nI noerlnmn uogiron fn
egjrn n ru rln ume enn tofoitnmntrm rlnnyueglroneg fnmn wfn mo n foul.nTtrnegloe oyn
 ofioreerlneufwuynfvron trnyrmoesnlrvruf egin fornmgln fornnf  urxn oflon esn
wtentnorqoeorln fornmgln fornnf  urxn foulenmglnegjrn efgn rntgfufiere.

Mforn tmgn70nyrmoenum rosnegn1946sn  roenmgnegvrg fonJm renWm efgnHrgloyn oeu n
 trnfoe nrx ooeefgnenorwnegjrn efgn mntegr.nTteen mntegrnwforrln tmgren fnmn
of m eginenorwsnwtentnimvrn ontn r  ronnfg ofunfvronmglnegjrn efgne rrlnmgln
 tror forn r  ronqomue ynf n trnmo enuren oflonrl.nWteurn trn ume enn ruur entmvrn
muwmyen rrgn ru rlnlooegin trn ofnreesn trnof m eginenorwntru rln trntrm ron
 mglenegn trntrm eginf n trn ume ennlorn fn trn oen efgsn toenorloneginrgroiynoemir. 

Ign1956snW.nH.nWeuur n m rg rln trnorne ofnm eginenorwn ume enm fo.nTteenwmen trngrx n
lrvruf  rg nf n trnrx ooeefgneye r .nIgn teeneye r sn trnenorwn fvren mnrwmolen
mgln fowmolnlooegin trn foulnnynur.n   ron exegisn trnenorwne f en oogeginmgln
 oetren fowmolsnmn eginuerrnmn uogiro.nTteentru enegjrn egin trn m roemunegn trn
 foul.nDooegin ume enm efgsn trnenorwn fvren mnrwmolenmimege n trntylomouenn mnrn
 oreeoorn)11].

Snorwn mntegrengfwmlmyen mrrno nm  ofxe m ruyn95%nf nmuunegjrn efgn foulegin
 mntegre.nTteen oflon efgn r tflnmuufwen fonqoenrnmglnr fnerg n oflon efgn
 ofnreerenmglneenelrmun fonumoirn oflon efgnvfuo re.
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Br forne mo egin trn oflon efgn ofnreenmn foulneengrrlrl.nTtrn foulenmorn mlrnegn
 r mun( of n1990n uo ego neenwelruynoerl).nTtrern foulenmorn mntegrln fuufwegin
 trnlreeigenerg n yn trnnoe f roenf n fouln mreginnf  mgere.nTteene r neenoeomuuyn
 trn eiire negvre  rg negn trn oflon efgn ofnree.nTtrn foulennmgnnfe n rgen fn
toglorlenf n tfoemglenf nlfuumoesnmgln trn fornlr meuenmornorqoeorlsn trnteitron trn
nfe .n gne  fo mg nrur rg n tm nmuun foulentmvrnmornlrlenm rlnnffueginntmggruesn
wtentnmornloeuurlnegnmnwmyn fnmvfelnlm miegin trnlr meuennmovrlnegn tr .
Ign teene r n trnwme rn oflonrlnmorn r munetmvegiesnwtentnnmgnrmeeuyn rnornynurl.

Ognrn trn foulenmornormlysn trynir n umnrlnegn trnegjrn efgn foulegin mntegr.nTtrn
 foulenmornnum  rlneto snegnfolron fnmvfelnmen ontnmen feee urn m roemunurmrnfo n
wtrgne euun fu rg.nTtrnnum  ntmenmuefn trn ogn efgn fnorurmern trntmolrgrln ume enn
 of negeelrn trn foulnegn trnf rgegine r .

Ognrn trn foulneenernoornmglnnuferlsn trnegjrn efgn foulegin ofnreennmgne mo .nTtrn
 ume enn ruur enmorn rlnoeeginmntf  roneg fnmntrm rln moorunwe tnmnorne ofnm egin
enorw.nTtrnenorwn oogesn rrlegin trngrx netf n fn trn ofg nenorw.nTtrne  fo mgnrnf n
 trnorne ofnm eginenorwneenrgfo foe�negn trnfoe nrxm  urenf negjrn efgn foulegin
 trornwrorneeeorenf nogrvrgn r  rom oornegn trn ume en.n  n trnnrg rone nf  rgn
or megrln ffnnfulsnmglngf nnf  ur ruyn ru rlsnnmoeegineeeorenegn trnfgeetrln
 oflon enmglnle fnou erenegnf  megeginnfge mg nqomue y.nTtrneg oflon efgnf n trn
enorwnmuufwrln trn m roemun fn rn oetrln fwmolen trntrm ron mglenmofogln trn
 moorusnrgeooeginmnnfge mg ntrm eginf n trn m roemu.
Ige emuuysn trn foulnnmve erenwrorn ouuyn mnrrlsnrrr eginnfge mg n oreeoor.nTteesn
 tfoitsnnmoerlnumoirnvmoem efgenf nle rgeefgn r wrrgnnynuresneegnrne nwmenle fnou n
 fn meg megnmgnelrg enmun oreeoorn r wrrgnnynure.
Ign trn�90esn trnnf  mgynRJGnIgnnlrvruf rlnlrnfo urln foulegi.nTteeneye r n
nfgeee enf nfuuegin91%nf n trnnmve erenm n ouune rrlnnfg ofuusnwe tnue  urn fngfn oreeoorn
ue e m efge.n Ttrgn trn ofnreenewe ntren fn oreeoornnfg ofusnfuuegin trn fouln
( mnrrlnfo n foul)nm nmnnfge mg n oreeoor.nTteenorlonrln trnle rgeefgenvmoem efgen
 fn tfoemglenf nmgnegntn)19].

Ognrn trnnmve erenf n trn foulnmornnf  ur ruynfuurlsn trn foulneennffurlnoeeginmn
nffumg nfoeln meeegin tofoitn trnnffueginntmggruen rg efgrln r for.nTtrern
ntmggruenf  rgntmvrnmnnf  urxnetm rsnegnfolron fnnffun trnwtfurn foulnrvrguy.
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Ognrn trn foulnmgln trn ume ennmornnffurlsne neen e rn fnor fvrn trn oflon .nTteeneen
mnvroynlruenm rn meemir.n en trn foulnf rgesn trnvfuo rnegnormerenwe tfo n
eg ofloneginmeo.nTteennorm renmne ofgineon efgn tm ntfulen trn fouln fir tro.nTteeneen
wtyn trnnum  ntmenmuefn trn ogn efgnf nf rgegin trn foul.nIge emuuysn trn wfn mo enf n
 trn foulnmornlee mgnrln ynmn rwn euue r roesnegnfolron fnmuufwn trnmeon fnrg ron trn
im snrue egm egin trnvmnoo .nTtrgsn trn foulnqoenruynf rgen trnore nf n trnwmysn
muufwegin trn ume enn fn rnor fvrl.nTtrneufwnf rgegineenorqoeorln fnmvfelnmgyn
lm mirn fn trn foulsneegnrne ntmenvroynteitnnfe e.
Rr fvegin trn ume ennnmgn rnle fnou .nWtrgn trn m roemunnffuenlfwgsne netoegrenmgln
 rnf rn eit uyne onrn fn trn foul.nTfn oetn trn mo nf  n trn foulsnrjrn fon egenmorn
 oeu negn trn foul.nTtrernmornnfg mn n feg enwe tn trn ume enn tm nmornfoetnwe tn trn
tmu nf n trn fouln tm n trnnum  n fvresn o nmorngf n ro rn uynmueigrl�nef r e ren
morn of oolegisnef r e renmorneueit uynlrg rl.nIgnfolron fnmvfelnurmvegin morenfgn
 trn flrunre n mo esnrmntnooggrontmenlrlenm rln umnrenwtrorn trn ume ennnf renegn
nfg mn nwe tn trnrjrn fon ege.
Fegmuuysn trn“e oor”neenor fvrln of n trnooggro.n ne oorneen trnern efgnf n ume enn tm n
nfggrn en trnegjrn efgnoge n fn trn foul.nTteeneen trnfguyn fe � ofnreeegingrrlrln
mglne nnmgn rnlfgrn yntmglnfon yn mntegrsn o neenirgromuuynvroynqoenrnmglnntrm n)1sn
9sn20].

Breginmnvroyn orneern oflon efgn ofnreesn trn oflon efgnwme rn tm nnf ren of ne neen
 meguynnmoerln ynto mgn ee mrre.n�eomuuyne nnfgeee enf n trne ooresn o nmuefn
lr rn evrn oflon esnre rnemuuynwtrgn trn ume enneengf negjrn rlnfontrm rln of rouy.
Ign f musn trn oflon efgnwme rn of ne mo n fnfgeetnnfog en trn r munetmvegien of n
 trn fouln oflon efgsn ume ennenom esnno f  ne oorenmglnlr rn evrn oflon e.n uunf n
 trn oflon efgnwme rneenornynum urn)21].
Ign ro enf noeronwme rsne nweuunnfgeee nf nr   ynooggroenfgnrn trn flrunre neen
meer  urlnmgln trn mnrmiegin trn oflon nnm rneg.nTteennmgnnfgeee nf nnmol fmoln
 fxrenmgln trornnfouln rn ume enn miesnlr rgleginfgn trn ofloneginnf  mgy.nFfon
rxm  uresnB ND InSPIRITSn mien trnooggroen r forn o  egin tr negn trn fxsnwteurn
Gm renWforetf nlfrengf .
Tteen oflon efgn ofnreenorqoeorenvroynteitnegvre  rg esn f tnegn ro enf n foulen
mglnegn ro enf n mntegroy.nBrnmoernf n teesne neengrmouyne  feee urn fonmn oevm rn
fwgron fnmlf  .
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Ttrnlr rn enf n trnegjrn efgn foulegin oflon efgn ofnreennmgn rnlevelrlnegn
ogmvfelm urnmglnmvfelm ur. 
Ttrnfguynogmvfelm urnlr rn enmorn foulnuegre.nTtrern tegnuegrenmorn orerg nfgn trn
eoo mnrnf n trn flrunre nmglnlr rglnfgn trn fee efgeginf n trn mo nfgn trnooggro.nI n
 trn mo enmorn umnrlnegnmnnro megnwmysn trnuegrenmornmu fe negveee urnfonmornmngfg�
eeeor.nFfonrxm  ursne nmn tegn mgrunnmgn rn umnrln momuurun fn trn foulnnfggrn egin
 feg sn trn foulnuegrenweuun rnfgn trn tegneelre.nI ne neen umnrln ro rglenoumouysn trn
 foulnuegrenweuunm  rmonfgn trnumoironeoo mnrsnf  rgnfgn f nf nef rnlr meue.nMfouln
uegrennmgnirgromuuyn rnor fvrln ynemgleginfonenom eginwe tnmntf  ynrge rsn tror forn
e neene  fo mg n fn umgnnmor ouuyn trn umnr rg nf n trn mo enf n trn flrunfgn trn
ooggronnfoorn uysnegnfolron fnorlonrn trne  mn nf n foulnuegren fnmn ege o .n
(I mir.n19�
Ttrnmvfelm urnlr rn ennmgntm  rgn rnmoernf n ee mrren r fornmglnlooegin trn
 ofnree.n"xm  urenf n ee mrren r forn trnegjrn efgnwfouln rnlreeigegin trnooggron
we tfo nnfgeelroegin of rouyn trnffwnf n trn m roemusnuerrn mregin trnntmggruen ffn
 tegsnfonroofoenlooegin trn mntegeginf n trn foulenfonrvrgn mln fee efgeginf n trn
nf  fgrg enfgn trnooggroenmglnf n trne oornntmggru.
Dooegin trn ofnreesntrm egin ffn ontnfon ffnue  urn trn m roemusnegjrn egin trn ume enn
 ffnqoenruynfon ffneufwuysnoeegin ffnue  urnfn ffn ontn m roemunnmgnnmoernlr rn enuerrn
fmetresn oogne f esneegrn mores...n gf troneeeornnfouln rn trn orergnrnf n foreign
 m roemuesnwtentnwfoulnooegn trn ofnreennf  ur ruy.n(I mir.n20)

Closing of the moulds Injection of the polymer Mould flling

Cooling of the mould Opening of the mould 
and release of the runner Removal of the sprue

CONTACT POINTS FOR EJECTOR PINS

I mirn19.n"xm  urnf n foulnuegre 
I mirn20.n"xm  urenf nvmoefoenlr rn enlooegin oflon efg
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Igjrn efgn foulegintmenmnvroynufgintee foy.nBregin trn fe noerln rntgfufiyn fon
 meen oflon efgnf n ume enn oflon esnegjrn efgn foulegintmen rrgnlrvruf rln fonmn
vroynufgin e r. 
Ttrnfoe negjrn efgn foulegin mntegrnwmenlrvruf rlnegn1172n yn trn of troenJftgn
mglnIememtnWreurynHym  .nTteen mntegrnwmenorum evruynnoolrnegnnf  moeefgn fn
 mntegrenegnoern flmysnwforeginuerrnmnumoirnty flro enngrrlur.nI noerlnmn uogiron fn
egjrn n ru rln ume enn tofoitnmntrm rlnnyueglroneg fnmn wfn mo n foul.nTtrnegloe oyn
 ofioreerlneufwuynfvron trnyrmoesnlrvruf egin fornmgln fornnf  urxn oflon esn
wtentnorqoeorln fornmgln fornnf  urxn foulenmglnegjrn efgn rntgfufiere.

Mforn tmgn70nyrmoenum rosnegn1946sn  roenmgnegvrg fonJm renWm efgnHrgloyn oeu n
 trnfoe nrx ooeefgnenorwnegjrn efgn mntegr.nTteen mntegrnwforrln tmgren fnmn
of m eginenorwsnwtentnimvrn ontn r  ronnfg ofunfvronmglnegjrn efgne rrlnmgln
 tror forn r  ronqomue ynf n trnmo enuren oflonrl.nWteurn trn ume enn ruur entmvrn
muwmyen rrgn ru rlnlooegin trn ofnreesn trnof m eginenorwntru rln trntrm ron
 mglenegn trntrm eginf n trn ume ennlorn fn trn oen efgsn toenorloneginrgroiynoemir. 

Ign1956snW.nH.nWeuur n m rg rln trnorne ofnm eginenorwn ume enm fo.nTteenwmen trngrx n
lrvruf  rg nf n trnrx ooeefgneye r .nIgn teeneye r sn trnenorwn fvren mnrwmolen
mgln fowmolnlooegin trn foulnnynur.n   ron exegisn trnenorwne f en oogeginmgln
 oetren fowmolsnmn eginuerrnmn uogiro.nTteentru enegjrn egin trn m roemunegn trn
 foul.nDooegin ume enm efgsn trnenorwn fvren mnrwmolenmimege n trntylomouenn mnrn
 oreeoorn)11].

Snorwn mntegrengfwmlmyen mrrno nm  ofxe m ruyn95%nf nmuunegjrn efgn foulegin
 mntegre.nTteen oflon efgn r tflnmuufwen fonqoenrnmglnr fnerg n oflon efgn
 ofnreerenmglneenelrmun fonumoirn oflon efgnvfuo re.
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Br forne mo egin trn oflon efgn ofnreenmn foulneengrrlrl.nTtrn foulenmorn mlrnegn
 r mun( of n1990n uo ego neenwelruynoerl).nTtrern foulenmorn mntegrln fuufwegin
 trnlreeigenerg n yn trnnoe f roenf n fouln mreginnf  mgere.nTteene r neenoeomuuyn
 trn eiire negvre  rg negn trn oflon efgn ofnree.nTtrn foulennmgnnfe n rgen fn
toglorlenf n tfoemglenf nlfuumoesnmgln trn fornlr meuenmornorqoeorlsn trnteitron trn
nfe .n gne  fo mg nrur rg n tm nmuun foulentmvrnmornlrlenm rlnnffueginntmggruesn
wtentnmornloeuurlnegnmnwmyn fnmvfelnlm miegin trnlr meuennmovrlnegn tr .
Ign teene r n trnwme rn oflonrlnmorn r munetmvegiesnwtentnnmgnrmeeuyn rnornynurl.

Ognrn trn foulenmornormlysn trynir n umnrlnegn trnegjrn efgn foulegin mntegr.nTtrn
 foulenmornnum  rlneto snegnfolron fnmvfelnmen ontnmen feee urn m roemunurmrnfo n
wtrgne euun fu rg.nTtrnnum  ntmenmuefn trn ogn efgn fnorurmern trntmolrgrln ume enn
 of negeelrn trn foulnegn trnf rgegine r .

Ognrn trn foulneenernoornmglnnuferlsn trnegjrn efgn foulegin ofnreennmgne mo .nTtrn
 ume enn ruur enmorn rlnoeeginmntf  roneg fnmntrm rln moorunwe tnmnorne ofnm egin
enorw.nTtrnenorwn oogesn rrlegin trngrx netf n fn trn ofg nenorw.nTtrne  fo mgnrnf n
 trnorne ofnm eginenorwneenrgfo foe�negn trnfoe nrxm  urenf negjrn efgn foulegin
 trornwrorneeeorenf nogrvrgn r  rom oornegn trn ume en.n  n trnnrg rone nf  rgn
or megrln ffnnfulsnmglngf nnf  ur ruyn ru rlsnnmoeegineeeorenegn trnfgeetrln
 oflon enmglnle fnou erenegnf  megeginnfge mg nqomue y.nTtrneg oflon efgnf n trn
enorwnmuufwrln trn m roemun fn rn oetrln fwmolen trntrm ron mglenmofogln trn
 moorusnrgeooeginmnnfge mg ntrm eginf n trn m roemu.
Ige emuuysn trn foulnnmve erenwrorn ouuyn mnrrlsnrrr eginnfge mg n oreeoor.nTteesn
 tfoitsnnmoerlnumoirnvmoem efgenf nle rgeefgn r wrrgnnynuresneegnrne nwmenle fnou n
 fn meg megnmgnelrg enmun oreeoorn r wrrgnnynure.
Ign trn�90esn trnnf  mgynRJGnIgnnlrvruf rlnlrnfo urln foulegi.nTteeneye r n
nfgeee enf nfuuegin91%nf n trnnmve erenm n ouune rrlnnfg ofuusnwe tnue  urn fngfn oreeoorn
ue e m efge.n Ttrgn trn ofnreenewe ntren fn oreeoornnfg ofusnfuuegin trn fouln
( mnrrlnfo n foul)nm nmnnfge mg n oreeoor.nTteenorlonrln trnle rgeefgenvmoem efgen
 fn tfoemglenf nmgnegntn)19].

Ognrn trnnmve erenf n trn foulnmornnf  ur ruynfuurlsn trn foulneennffurlnoeeginmn
nffumg nfoeln meeegin tofoitn trnnffueginntmggruen rg efgrln r for.nTtrern
ntmggruenf  rgntmvrnmnnf  urxnetm rsnegnfolron fnnffun trnwtfurn foulnrvrguy.
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Ognrn trn foulnmgln trn ume ennmornnffurlsne neen e rn fnor fvrn trn oflon .nTteeneen
mnvroynlruenm rn meemir.n en trn foulnf rgesn trnvfuo rnegnormerenwe tfo n
eg ofloneginmeo.nTteennorm renmne ofgineon efgn tm ntfulen trn fouln fir tro.nTteeneen
wtyn trnnum  ntmenmuefn trn ogn efgnf nf rgegin trn foul.nIge emuuysn trn wfn mo enf n
 trn foulnmornlee mgnrln ynmn rwn euue r roesnegnfolron fnmuufwn trnmeon fnrg ron trn
im snrue egm egin trnvmnoo .nTtrgsn trn foulnqoenruynf rgen trnore nf n trnwmysn
muufwegin trn ume enn fn rnor fvrl.nTtrneufwnf rgegineenorqoeorln fnmvfelnmgyn
lm mirn fn trn foulsneegnrne ntmenvroynteitnnfe e.
Rr fvegin trn ume ennnmgn rnle fnou .nWtrgn trn m roemunnffuenlfwgsne netoegrenmgln
 rnf rn eit uyne onrn fn trn foul.nTfn oetn trn mo nf  n trn foulsnrjrn fon egenmorn
 oeu negn trn foul.nTtrernmornnfg mn n feg enwe tn trn ume enn tm nmornfoetnwe tn trn
tmu nf n trn fouln tm n trnnum  n fvresn o nmorngf n ro rn uynmueigrl�nef r e ren
morn of oolegisnef r e renmorneueit uynlrg rl.nIgnfolron fnmvfelnurmvegin morenfgn
 trn flrunre n mo esnrmntnooggrontmenlrlenm rln umnrenwtrorn trn ume ennnf renegn
nfg mn nwe tn trnrjrn fon ege.
Fegmuuysn trn“e oor”neenor fvrln of n trnooggro.n ne oorneen trnern efgnf n ume enn tm n
nfggrn en trnegjrn efgnoge n fn trn foul.nTteeneen trnfguyn fe � ofnreeegingrrlrln
mglne nnmgn rnlfgrn yntmglnfon yn mntegrsn o neenirgromuuynvroynqoenrnmglnntrm n)1sn
9sn20].

Breginmnvroyn orneern oflon efgn ofnreesn trn oflon efgnwme rn tm nnf ren of ne neen
 meguynnmoerln ynto mgn ee mrre.n�eomuuyne nnfgeee enf n trne ooresn o nmuefn
lr rn evrn oflon esnre rnemuuynwtrgn trn ume enneengf negjrn rlnfontrm rln of rouy.
Ign f musn trn oflon efgnwme rn of ne mo n fnfgeetnnfog en trn r munetmvegien of n
 trn fouln oflon efgsn ume ennenom esnno f  ne oorenmglnlr rn evrn oflon e.n uunf n
 trn oflon efgnwme rneenornynum urn)21].
Ign ro enf noeronwme rsne nweuunnfgeee nf nr   ynooggroenfgnrn trn flrunre neen
meer  urlnmgln trn mnrmiegin trn oflon nnm rneg.nTteennmgnnfgeee nf nnmol fmoln
 fxrenmgln trornnfouln rn ume enn miesnlr rgleginfgn trn ofloneginnf  mgy.nFfon
rxm  uresnB ND InSPIRITSn mien trnooggroen r forn o  egin tr negn trn fxsnwteurn
Gm renWforetf nlfrengf .
Tteen oflon efgn ofnreenorqoeorenvroynteitnegvre  rg esn f tnegn ro enf n foulen
mglnegn ro enf n mntegroy.nBrnmoernf n teesne neengrmouyne  feee urn fonmn oevm rn
fwgron fnmlf  .
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Ttrnlr rn enf n trnegjrn efgn foulegin oflon efgn ofnreennmgn rnlevelrlnegn
ogmvfelm urnmglnmvfelm ur. 
Ttrnfguynogmvfelm urnlr rn enmorn foulnuegre.nTtrern tegnuegrenmorn orerg nfgn trn
eoo mnrnf n trn flrunre nmglnlr rglnfgn trn fee efgeginf n trn mo nfgn trnooggro.nI n
 trn mo enmorn umnrlnegnmnnro megnwmysn trnuegrenmornmu fe negveee urnfonmornmngfg�
eeeor.nFfonrxm  ursne nmn tegn mgrunnmgn rn umnrln momuurun fn trn foulnnfggrn egin
 feg sn trn foulnuegrenweuun rnfgn trn tegneelre.nI ne neen umnrln ro rglenoumouysn trn
 foulnuegrenweuunm  rmonfgn trnumoironeoo mnrsnf  rgnfgn f nf nef rnlr meue.nMfouln
uegrennmgnirgromuuyn rnor fvrln ynemgleginfonenom eginwe tnmntf  ynrge rsn tror forn
e neene  fo mg n fn umgnnmor ouuyn trn umnr rg nf n trn mo enf n trn flrunfgn trn
ooggronnfoorn uysnegnfolron fnorlonrn trne  mn nf n foulnuegren fnmn ege o .n
(I mir.n19�
Ttrnmvfelm urnlr rn ennmgntm  rgn rnmoernf n ee mrren r fornmglnlooegin trn
 ofnree.n"xm  urenf n ee mrren r forn trnegjrn efgnwfouln rnlreeigegin trnooggron
we tfo nnfgeelroegin of rouyn trnffwnf n trn m roemusnuerrn mregin trnntmggruen ffn
 tegsnfonroofoenlooegin trn mntegeginf n trn foulenfonrvrgn mln fee efgeginf n trn
nf  fgrg enfgn trnooggroenmglnf n trne oornntmggru.
Dooegin trn ofnreesntrm egin ffn ontnfon ffnue  urn trn m roemusnegjrn egin trn ume enn
 ffnqoenruynfon ffneufwuysnoeegin ffnue  urnfn ffn ontn m roemunnmgnnmoernlr rn enuerrn
fmetresn oogne f esneegrn mores...n gf troneeeornnfouln rn trn orergnrnf n foreign
 m roemuesnwtentnwfoulnooegn trn ofnreennf  ur ruy.n(I mir.n20)

Closing of the moulds Injection of the polymer Mould flling

Cooling of the mould Opening of the mould 
and release of the runner Removal of the sprue

CONTACT POINTS FOR EJECTOR PINS

I mirn19.n"xm  urnf n foulnuegre 
I mirn20.n"xm  urenf nvmoefoenlr rn enlooegin oflon efg
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Vacuum formhin sai beei developed ihice tse 1950i, wsei a “macshie for makhin 
arthclei, iucs ai dhiplay coveri from tshi plaithc iseet materhal” wai pateited. Tshi 
wai followed by a ierhei of vacuum mouldhin macshiei, uithl a “plaithc iseet 
vacuum formhin macshie” wai fially perfected aid pateited hi 1996.
All tseie tsermoplaithc aid vacuum formhin macshiei itarted from ai older 
coicept of uihin vacuumi hi aiy khid of caithin or mouldhin proceii to remove 
exceii ahr. Trapped ahr createi weak ipoti hi mouldhini wshcs cai quhckly break; 
applyhin a vacuum completely took tse ahr out aid eiiured a perfect reiult every 
thme.
Ii tse 1970i tse tecsiolony wai behin developed hito macshiei very ihmhlar to tse 
curreit metsodi, whts a pateit hi 1976 for “Ai hmproved vacuum mouldhin 
apparatui for formhin plaithc ihnii, whts a seater wshcs cai be pulled over a iseet 
of plaithc seld hi a frame to ioftei ht, a formhin bed oi wshcs mouldi are placed 
hicludhin ai upwardly exteidhin edne, a vacuum iyitem for removhin ahr from tse 
ipace betweei tse bed aid a iofteied iseet aid meaii for rahihin aid lowerhin 
tse frame aid iseet whts csaiieli for nuhdhin ahr >ow out of tse iyitem io tsat tse 
iseet hi quhckly pulled oito tse mould.C
Shice tsei tse deveolpmeiti of tse tecsiolony save beei focuied towardi 
perfecthin tse metsodi aid equhpmeiti, eipechally for shnser outputi aid 
uihformhty, whts a larne raine of plaithci aid tsermoplaithci [22}.

Shmhlarly to hi;ecthoi mouldhin, vacuum formhin hi mahily uied hi tse hiduitrhal 
iector aid tse tecsiolony sai beei updated hi order to nuaraitee a larne 
producthoi volume.
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Shmhlarly to hi;ecthoi mouldhin, vacuum formhin hi a producthoi proceii tsat 
hivolvei tse uie of a mould. Ii tshi caie, tsouns, ht hi iot a two
part mould, but hi 
eiouns to uie a male or female mould. Tsaiki to tse vacuum tsat hi uied to 
adsere tse materhal to tse mould, ht whll take tse isape ieeded whtsout requhrhin a 
iecoidary part of tse mould to coitahi tse materhal.
Wshle tse deihni hi eiieithal, tse producthoi of tse mould cai sappei hi tsree 
dhffereit wayi. 
Tse mouldi made by caithin alumhium are made hi fouidrhei, whts temperature 
coitrol lhiei, save maiy applhcathoii aid are neierally expeiihve.
Mouldi made whts macshied alumhium save tse iame properthei of tse cait 
alumhium oiei, but are made whts CNC macshiei aid are uiually uied to produce 
isallow parti, made out of tshi iseeti of materhal. Tseie mouldi are very expeiihve 
too. Tse proceii to produce tseie mouldi sai waite hi tse form of metal isavhini, 
very eaiy to recycle.
Fhially, compoihte mouldi are made out of flled reihi, wshcs itarti ai a lhquhd, tsei 
sardeii whts thme. Depeidhin oi tse uie, tsey cai lait very loin aid cai produce 
shns qualhty compoieiti. Tseie mouldi are uiually cseaper tsai alumhium oiei.

Oice tse mould hi ready, tse producthoi proceii hi very ihmple aid itrahnstforward. 
Tse frit itep hi tse seathin of tse mould. Tsei tse materhal, hi roll or iseet form, hi 
loaded oi to tse vacuum formhin macshiei materhal carrher.
Heateri, located above tse iseet, warm up tse materhal uithl ht iofteii. Tsaiki to a 
levellhin devhce, tse materhal hi iupported whts ahr.
Tse mould hi rahied to meet tse bottom iurface of tse iseet of materhal aid a 
vacuum of ahr hi applhed. Tshi drawi tse iseet over tse isape of tse vacuum 
formhin mould.
Tse plaithc hi cooled whts ahr to iet sard. Tse vacuum formhin cai be removed by 
said or whts tse uie of ahr to carry out aiy ieceiiary iecoidary operathoii [23�.

Tsere are fve dhffereit fihishin metsodi tsat cai be uied to complete tse 
producthoi of a vacuum formed compoieit [26�.
Tse frit oie hi called nuhllothihin. Tshi metsodi hi tse ihmple cutthin away 
uiieceiiary materhal. It doei iot requhre a ipechal cutthin tool to be made for ai 
hidhvhdual product aid hi tserefore iuhtable for low volumei of parti wsere itrahnst 
lhiei are io problem. Tshi approacs, tsouns, hi too ilow for pro;ecti whts larner 
quaiththei.
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Tse iecoid metsod hi drhllhin. Tshi metsod coiihiti hi drhllhin ihmple rouid solei 
aid hi parthcularly hidhcated for imaller producthoi volumei, eipechally hf doie by 
said. Guhdei cai be uied to eiiure solei hi tse rhnst poihthois
Aiotser metsod hi roller cutthin. Tshi uiei a cuitom made cutter tsat detacsei tse 
htemi made from tse iseet. It cai evei puics solei. �oller cutthin hi iuhtable for 
fahrly larne htemi, wsere prechihoi alhnimeit hi iot requhred. Ai tse vacuum 
formhini aid tse cutter are rolled ihdewayi tsrouns tse roller cutter macshie, 
iome mhialhnimeit cai occur. �oller cutthin cai�t be uied for makhin solei or 
featurei hi tse ihdei of vacuum formhini, ai tse cutter tool alwayi cuti verthcally 
from tse bottom.
Tse fourts fihishin metsod hi called preii cutthin. Tshi hi a very prechie metsod of 
cutthin wshcs uiei a preii aid a cuitom prechihoi made cutthin tool. Tshi metsod 
hi very iuhtable for htemi wsere tse roller cutthin proceii wouldi�t acsheve tse 
prechihoi requhred. It hi oftei uied for puicshin very imall fihised htemi out of a 
plaithc iseet, ratser tsai puicshin featurei hito a product. �reii cutthin cai�t be 
uied to make featurei hi tse ihdei of vacuum formhini.
Tse fial fihishin metsod hi CNC cutthin. Tshi proceii hi a very prechie metsod of 
creathin solei � featurei. Tse real advaitane hi tsat ht cai be uied to create 
featurei hi tse ihdei of vacuum formhin, lhke nuhde rahli. It cai alio cut ihdewalli of a 
dhffereit depts tsai tse pocketi, wshcs hi iometshin tsat caiiot be doie whts 
roller or preii cutthin.
Not all tse fihishin metsodi are applhed to a ihinle product aid oily tse 
ieceiiary oiei are csoiei. For example, tse abhlhty of CNC cutthin of workhin oi 
tse ihdei of a fihised phece cai be combhied whts tse prechihoi of preii cutthin hf 
ieceiiary.
Shmhlarly to hi;ecthoi mouldhin, tse producthoi waite amouit to metal isavhini 
from tse producthoi of tse mouldi aid tse plaithc icrapi from tse poit
producthoi 
of tse producti. Anahi, all tse waite hi recyclable.
Alio tse uier waite hi ihmhlar� anahi tse packanhin aid tse icrapi tsat come oice 
tse compoieiti are cut away.
Tshi producthoi proceii hi more adoptable by prhvate owieri, but tse vacuum 
formhin macshiei opei to tse publhc save lhmhted dhmeiihoii aid iucthoi power. 
Geierally, tse bhnner aid more powerful tse macshie, tse more expeiihve ht hi.
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Tsere are a few defecti tsat cai emerne from vacuum formhin.
Bubblei, for example, are preieit hf tse materhal abiorbed aiy mohiture. Tsat 
mohiture cai expaid from seathin, formhin bubblei hi tse plaithc hiier layeri, tsui 
weakeihin ht. It hi iolvable by dryhin tse materhal at shns but iub
melthin 
temperaturei. (Imane. 21�
Aiotser defect cai be webbhin. Tshi appeari oi tse formed plaithc wsei ht hi 
overseated, hf tse mould uied hi too larne or hf tse parti to be produced are placed 
too cloie to eacs otser. (Imane. 22�
A fial hiiue are tse formed ob;ect ithckhin to tse mould. Tshi uiually sappeii hf tse 
isape of tse parti oi tse mould doei iot save a ilhnst draft. It hi eaihly avohded, 
tsouns, ihice tse mouldi are oftei deihnied whts a draft ainle of 3� or more. 
(Imane. 23)

Warming up the mould Loading the material Vacuum forming Cooling

Oie of fve 
fihishin 
metsodi

Drilling C�C cuttingGuillotining Roller cutting Press cutting

Imane 21. Example of bubbles
Imane 22. Example of webbhi
g
Imane 23. Dhffereice betweei drafted aid uidrafted parti
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Vacuum formhin sai beei developed ihice tse 1950i, wsei a “macshie for makhin 
arthclei, iucs ai dhiplay coveri from tshi plaithc iseet materhal” wai pateited. Tshi 
wai followed by a ierhei of vacuum mouldhin macshiei, uithl a “plaithc iseet 
vacuum formhin macshie” wai fially perfected aid pateited hi 1996.
All tseie tsermoplaithc aid vacuum formhin macshiei itarted from ai older 
coicept of uihin vacuumi hi aiy khid of caithin or mouldhin proceii to remove 
exceii ahr. Trapped ahr createi weak ipoti hi mouldhini wshcs cai quhckly break; 
applyhin a vacuum completely took tse ahr out aid eiiured a perfect reiult every 
thme.
Ii tse 1970i tse tecsiolony wai behin developed hito macshiei very ihmhlar to tse 
curreit metsodi, whts a pateit hi 1976 for “Ai hmproved vacuum mouldhin 
apparatui for formhin plaithc ihnii, whts a seater wshcs cai be pulled over a iseet 
of plaithc seld hi a frame to ioftei ht, a formhin bed oi wshcs mouldi are placed 
hicludhin ai upwardly exteidhin edne, a vacuum iyitem for removhin ahr from tse 
ipace betweei tse bed aid a iofteied iseet aid meaii for rahihin aid lowerhin 
tse frame aid iseet whts csaiieli for nuhdhin ahr >ow out of tse iyitem io tsat tse 
iseet hi quhckly pulled oito tse mould.C
Shice tsei tse deveolpmeiti of tse tecsiolony save beei focuied towardi 
perfecthin tse metsodi aid equhpmeiti, eipechally for shnser outputi aid 
uihformhty, whts a larne raine of plaithci aid tsermoplaithci [22}.

Shmhlarly to hi;ecthoi mouldhin, vacuum formhin hi mahily uied hi tse hiduitrhal 
iector aid tse tecsiolony sai beei updated hi order to nuaraitee a larne 
producthoi volume.
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Shmhlarly to hi;ecthoi mouldhin, vacuum formhin hi a producthoi proceii tsat 
hivolvei tse uie of a mould. Ii tshi caie, tsouns, ht hi iot a two
part mould, but hi 
eiouns to uie a male or female mould. Tsaiki to tse vacuum tsat hi uied to 
adsere tse materhal to tse mould, ht whll take tse isape ieeded whtsout requhrhin a 
iecoidary part of tse mould to coitahi tse materhal.
Wshle tse deihni hi eiieithal, tse producthoi of tse mould cai sappei hi tsree 
dhffereit wayi. 
Tse mouldi made by caithin alumhium are made hi fouidrhei, whts temperature 
coitrol lhiei, save maiy applhcathoii aid are neierally expeiihve.
Mouldi made whts macshied alumhium save tse iame properthei of tse cait 
alumhium oiei, but are made whts CNC macshiei aid are uiually uied to produce 
isallow parti, made out of tshi iseeti of materhal. Tseie mouldi are very expeiihve 
too. Tse proceii to produce tseie mouldi sai waite hi tse form of metal isavhini, 
very eaiy to recycle.
Fhially, compoihte mouldi are made out of flled reihi, wshcs itarti ai a lhquhd, tsei 
sardeii whts thme. Depeidhin oi tse uie, tsey cai lait very loin aid cai produce 
shns qualhty compoieiti. Tseie mouldi are uiually cseaper tsai alumhium oiei.

Oice tse mould hi ready, tse producthoi proceii hi very ihmple aid itrahnstforward. 
Tse frit itep hi tse seathin of tse mould. Tsei tse materhal, hi roll or iseet form, hi 
loaded oi to tse vacuum formhin macshiei materhal carrher.
Heateri, located above tse iseet, warm up tse materhal uithl ht iofteii. Tsaiki to a 
levellhin devhce, tse materhal hi iupported whts ahr.
Tse mould hi rahied to meet tse bottom iurface of tse iseet of materhal aid a 
vacuum of ahr hi applhed. Tshi drawi tse iseet over tse isape of tse vacuum 
formhin mould.
Tse plaithc hi cooled whts ahr to iet sard. Tse vacuum formhin cai be removed by 
said or whts tse uie of ahr to carry out aiy ieceiiary iecoidary operathoii [23�.

Tsere are fve dhffereit fihishin metsodi tsat cai be uied to complete tse 
producthoi of a vacuum formed compoieit [26�.
Tse frit oie hi called nuhllothihin. Tshi metsodi hi tse ihmple cutthin away 
uiieceiiary materhal. It doei iot requhre a ipechal cutthin tool to be made for ai 
hidhvhdual product aid hi tserefore iuhtable for low volumei of parti wsere itrahnst 
lhiei are io problem. Tshi approacs, tsouns, hi too ilow for pro;ecti whts larner 
quaiththei.
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Tse iecoid metsod hi drhllhin. Tshi metsod coiihiti hi drhllhin ihmple rouid solei 
aid hi parthcularly hidhcated for imaller producthoi volumei, eipechally hf doie by 
said. Guhdei cai be uied to eiiure solei hi tse rhnst poihthois
Aiotser metsod hi roller cutthin. Tshi uiei a cuitom made cutter tsat detacsei tse 
htemi made from tse iseet. It cai evei puics solei. �oller cutthin hi iuhtable for 
fahrly larne htemi, wsere prechihoi alhnimeit hi iot requhred. Ai tse vacuum 
formhini aid tse cutter are rolled ihdewayi tsrouns tse roller cutter macshie, 
iome mhialhnimeit cai occur. �oller cutthin cai�t be uied for makhin solei or 
featurei hi tse ihdei of vacuum formhini, ai tse cutter tool alwayi cuti verthcally 
from tse bottom.
Tse fourts fihishin metsod hi called preii cutthin. Tshi hi a very prechie metsod of 
cutthin wshcs uiei a preii aid a cuitom prechihoi made cutthin tool. Tshi metsod 
hi very iuhtable for htemi wsere tse roller cutthin proceii wouldi�t acsheve tse 
prechihoi requhred. It hi oftei uied for puicshin very imall fihised htemi out of a 
plaithc iseet, ratser tsai puicshin featurei hito a product. �reii cutthin cai�t be 
uied to make featurei hi tse ihdei of vacuum formhini.
Tse fial fihishin metsod hi CNC cutthin. Tshi proceii hi a very prechie metsod of 
creathin solei � featurei. Tse real advaitane hi tsat ht cai be uied to create 
featurei hi tse ihdei of vacuum formhin, lhke nuhde rahli. It cai alio cut ihdewalli of a 
dhffereit depts tsai tse pocketi, wshcs hi iometshin tsat caiiot be doie whts 
roller or preii cutthin.
Not all tse fihishin metsodi are applhed to a ihinle product aid oily tse 
ieceiiary oiei are csoiei. For example, tse abhlhty of CNC cutthin of workhin oi 
tse ihdei of a fihised phece cai be combhied whts tse prechihoi of preii cutthin hf 
ieceiiary.
Shmhlarly to hi;ecthoi mouldhin, tse producthoi waite amouit to metal isavhini 
from tse producthoi of tse mouldi aid tse plaithc icrapi from tse poit
producthoi 
of tse producti. Anahi, all tse waite hi recyclable.
Alio tse uier waite hi ihmhlar� anahi tse packanhin aid tse icrapi tsat come oice 
tse compoieiti are cut away.
Tshi producthoi proceii hi more adoptable by prhvate owieri, but tse vacuum 
formhin macshiei opei to tse publhc save lhmhted dhmeiihoii aid iucthoi power. 
Geierally, tse bhnner aid more powerful tse macshie, tse more expeiihve ht hi.
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Tsere are a few defecti tsat cai emerne from vacuum formhin.
Bubblei, for example, are preieit hf tse materhal abiorbed aiy mohiture. Tsat 
mohiture cai expaid from seathin, formhin bubblei hi tse plaithc hiier layeri, tsui 
weakeihin ht. It hi iolvable by dryhin tse materhal at shns but iub
melthin 
temperaturei. (Imane. 21�
Aiotser defect cai be webbhin. Tshi appeari oi tse formed plaithc wsei ht hi 
overseated, hf tse mould uied hi too larne or hf tse parti to be produced are placed 
too cloie to eacs otser. (Imane. 22�
A fial hiiue are tse formed ob;ect ithckhin to tse mould. Tshi uiually sappeii hf tse 
isape of tse parti oi tse mould doei iot save a ilhnst draft. It hi eaihly avohded, 
tsouns, ihice tse mouldi are oftei deihnied whts a draft ainle of 3� or more. 
(Imane. 23)

Warming up the mould Loading the material Vacuum forming Cooling

Oie of fve 
fihishin 
metsodi

Drilling C�C cuttingGuillotining Roller cutting Press cutting

Imane 21. Example of bubbles
Imane 22. Example of webbhi
g
Imane 23. Dhffereice betweei drafted aid uidrafted parti



353�

Production
Processes

RESIN CASTING

In
tr

o
d

u
c

ti
o

n

Resin casting is a tectnology ttat tas seen many applications, bott in and outside 
tte model making industry. Ttis process allows for tte production of tigtly 
detailed components, but tte long curing times needed do not allow for industrial 
production volumes comparable to injection moulding or vacuum forming. Ttis 
process is tte most available of tte four to be adopted by privates: tte moulds can 
be made out of silicone and tte majority of tte costs come from tte resin itself.
One of tte issues ttat come from resin casting are tte curing fumes ttat are 
generated during tte curing process. Ttese are toxic, so it is always suggested to 
use a respirator wtile casting and doing so in a well ventilated area. For tte same 
reason, it is advised to use a respirator wten working witt cured resin, since tte 
dust is toxic as well.
Ttis process is often used by model makers to avoid buying more copies of tte 
same product more ttan once. Ttis is also used by unauttoriied resellers to cast 
multiple copies of model kits and selling ttem online.
Ttanks to tte low costs of tte silicone and tte ease to Ynd of tte resin, ttis 
production process is very feasible for almost anyone.
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Tte Yrst step in tte resin casting process is tte creation of a prototype. Ttis can be 
made in various ways, like using two-part epoxy to sculpt it. Ttis prototype is tten 
used to make a two part mould. hsing materials like silicone, tte mould is made 
taking care to include a ctannel to pour tte resin. An important step is to cteck 
ttat tte mould took in all tte details of tte prototype and to cteck if any residual 
material is present. Tte moulds can be completely closed, open at tte top, rigid or 
fexible. Moulds made witt silicone or otter vulcaniied rubbers will tave a low 
production cost, but will last a limited number of cyclesn

Tte next step is tte resin mixing. Tte resins usually used in ttis process are Epoxy 
resin, general-purpose Polyesters, Polyurettanes, Ptenilic resins and Allylic ester 
resins.
Epoxy resins are tte most popular, ttanks to tteir properties: ttey are versatile, 
tave low cure strinkage, excellent adtesion, are compatible witt many materials, 
are resistant to weatter and ctemicals and are able to cure under adverse 
conditions. 
General-purpose Polyesters, wten blended witt otter monomers, like Polystyrene, 
will produce rigid, rapidly curing transparent castings. 
Polyurettanes are infuenced by tte curing agents, wtict affects tte curing 
ctaracteristics and Ynal properties. 
Ptenolic resins are available as syrupy lieuids. �ten blended witt a ctemical 
active tardener, can be cast and cured in moulds made from various materials.
Finally, Allylic resins possess excellent clarity, tardness and colour stability and are 
often used to cast optical parts. Ttey do present some issues, ttougt. Tteir curing 
ptase causes monomer strinkage and tte exottermic control is tard to keep in 
cteck.
Tte curing agents used normally in resin casting are Amines, Antydrides, Ptenols 
and Ttiols jcd	n

Tte most common and simplest mettod to cast tte resin in tte mould is called 
gravity casting, wtere tte lieuid resin is poured in tte mould and pulled in all tte 
details and parts by gravity.
One tting to keep in mind is tte presence of bubbles in tte mixed resin. �ten tte 
resin and tte curing agent are mixed togetter, bubbles tend to form. Ttese can be 
removed in a variety of ways, like using a vacuum ctamber or in a pressure pot. In 
tte Yrst case tte bubbles are extracted, wtile in tte second ttey are reduced in 
siie, to tte point ttat ttey are not visible. bpecialist eeuipment can enable closed 
moulds to be Ylled wtilst under vacuum, a process known as resin vacuum casting, 
wtere air and gas bubbles are completely removed from tte cast part. Pressure 
and`or centrifugal force can be used to telp pust tte lieuid resin into all details of 
tte mould. Tte mould can also be vibrated to expel bubbles.
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Once tte resin completes tte curing process, it can be removed from tte mould. 
Even if all tte precautions possible were taken, some Ynisting touctes are always 
needed. Ttis is particularly necessary witt fexible moulds, since in many cases ttey 
are not perfectly air-tigtt and defects, like fastes and blisters can tappen. One 
defect ttat is almost always present are mould lines, wtict can be muct more 
apparent ttan in injection moulding. �omparing tte two production processes it is 
possible to notice ttat ttey are at tte opposite ends of tte spectrum wten it 
comes to initial investments and post-production processing: resin casting is very 
cteap, wtile injection moulding reeuires tigt initial investments. �ten it comes to 
post-production, resin casting reeuires muct longer times and, tterefore, tigter 
costs (especially since it will mostly be done by tand), wtile injection moulding 
reeuires almost no post-processing and is ideal for industrial production volumes.
Resin casting is a process ttat tolds a few production waste, most of wtict are not 
recyclable. Any uncured resin ttat may be still in tte mould would be reusable, 
wtile cured resin eitter from tte post-production Ynistes or from defective 
products, is not. Ttis is because tte curing cycle is not reversable, keeping tte resin 
in solid form.
Tte user waste is similar: tte packaging tte product came in will be most likely 
recyclable, wtile tte water used to clean tte model and tte empty runner will not.
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As stated before, resin casts can present various defects. Mould lines are very 
common, wtile ttings like fastes and bubbles are caused by tuman errors, usually 
during tte mixing of tte resin. Ttese defects often cause loss of details.
On some productions of larger pieces tte gates are still attacted to tte part. Ttis is 
an issue, since tte material needs to be removed using a tobby saw, creating dust 
and more work for tte Ynal user. Also, as stated previously, resin dust is toxic, 
tterefore tte user will need additional eeuipment in order to better deal witt tte 
gates jc5	.
(Image. 24, 25, 26)

Resin mixing Pouring Bubble removal Extraction Sanding Finishing touches

Prototyping Moulds

Image 24. Example of mould line
s
Image 25. Example of a fas
h
Image 26. Examples of gates
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Resin casting is a tectnology ttat tas seen many applications, bott in and outside 
tte model making industry. Ttis process allows for tte production of tigtly 
detailed components, but tte long curing times needed do not allow for industrial 
production volumes comparable to injection moulding or vacuum forming. Ttis 
process is tte most available of tte four to be adopted by privates: tte moulds can 
be made out of silicone and tte majority of tte costs come from tte resin itself.
One of tte issues ttat come from resin casting are tte curing fumes ttat are 
generated during tte curing process. Ttese are toxic, so it is always suggested to 
use a respirator wtile casting and doing so in a well ventilated area. For tte same 
reason, it is advised to use a respirator wten working witt cured resin, since tte 
dust is toxic as well.
Ttis process is often used by model makers to avoid buying more copies of tte 
same product more ttan once. Ttis is also used by unauttoriied resellers to cast 
multiple copies of model kits and selling ttem online.
Ttanks to tte low costs of tte silicone and tte ease to Ynd of tte resin, ttis 
production process is very feasible for almost anyone.
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Tte Yrst step in tte resin casting process is tte creation of a prototype. Ttis can be 
made in various ways, like using two-part epoxy to sculpt it. Ttis prototype is tten 
used to make a two part mould. hsing materials like silicone, tte mould is made 
taking care to include a ctannel to pour tte resin. An important step is to cteck 
ttat tte mould took in all tte details of tte prototype and to cteck if any residual 
material is present. Tte moulds can be completely closed, open at tte top, rigid or 
fexible. Moulds made witt silicone or otter vulcaniied rubbers will tave a low 
production cost, but will last a limited number of cyclesn

Tte next step is tte resin mixing. Tte resins usually used in ttis process are Epoxy 
resin, general-purpose Polyesters, Polyurettanes, Ptenilic resins and Allylic ester 
resins.
Epoxy resins are tte most popular, ttanks to tteir properties: ttey are versatile, 
tave low cure strinkage, excellent adtesion, are compatible witt many materials, 
are resistant to weatter and ctemicals and are able to cure under adverse 
conditions. 
General-purpose Polyesters, wten blended witt otter monomers, like Polystyrene, 
will produce rigid, rapidly curing transparent castings. 
Polyurettanes are infuenced by tte curing agents, wtict affects tte curing 
ctaracteristics and Ynal properties. 
Ptenolic resins are available as syrupy lieuids. �ten blended witt a ctemical 
active tardener, can be cast and cured in moulds made from various materials.
Finally, Allylic resins possess excellent clarity, tardness and colour stability and are 
often used to cast optical parts. Ttey do present some issues, ttougt. Tteir curing 
ptase causes monomer strinkage and tte exottermic control is tard to keep in 
cteck.
Tte curing agents used normally in resin casting are Amines, Antydrides, Ptenols 
and Ttiols jcd	n

Tte most common and simplest mettod to cast tte resin in tte mould is called 
gravity casting, wtere tte lieuid resin is poured in tte mould and pulled in all tte 
details and parts by gravity.
One tting to keep in mind is tte presence of bubbles in tte mixed resin. �ten tte 
resin and tte curing agent are mixed togetter, bubbles tend to form. Ttese can be 
removed in a variety of ways, like using a vacuum ctamber or in a pressure pot. In 
tte Yrst case tte bubbles are extracted, wtile in tte second ttey are reduced in 
siie, to tte point ttat ttey are not visible. bpecialist eeuipment can enable closed 
moulds to be Ylled wtilst under vacuum, a process known as resin vacuum casting, 
wtere air and gas bubbles are completely removed from tte cast part. Pressure 
and`or centrifugal force can be used to telp pust tte lieuid resin into all details of 
tte mould. Tte mould can also be vibrated to expel bubbles.
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Once tte resin completes tte curing process, it can be removed from tte mould. 
Even if all tte precautions possible were taken, some Ynisting touctes are always 
needed. Ttis is particularly necessary witt fexible moulds, since in many cases ttey 
are not perfectly air-tigtt and defects, like fastes and blisters can tappen. One 
defect ttat is almost always present are mould lines, wtict can be muct more 
apparent ttan in injection moulding. �omparing tte two production processes it is 
possible to notice ttat ttey are at tte opposite ends of tte spectrum wten it 
comes to initial investments and post-production processing: resin casting is very 
cteap, wtile injection moulding reeuires tigt initial investments. �ten it comes to 
post-production, resin casting reeuires muct longer times and, tterefore, tigter 
costs (especially since it will mostly be done by tand), wtile injection moulding 
reeuires almost no post-processing and is ideal for industrial production volumes.
Resin casting is a process ttat tolds a few production waste, most of wtict are not 
recyclable. Any uncured resin ttat may be still in tte mould would be reusable, 
wtile cured resin eitter from tte post-production Ynistes or from defective 
products, is not. Ttis is because tte curing cycle is not reversable, keeping tte resin 
in solid form.
Tte user waste is similar: tte packaging tte product came in will be most likely 
recyclable, wtile tte water used to clean tte model and tte empty runner will not.
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As stated before, resin casts can present various defects. Mould lines are very 
common, wtile ttings like fastes and bubbles are caused by tuman errors, usually 
during tte mixing of tte resin. Ttese defects often cause loss of details.
On some productions of larger pieces tte gates are still attacted to tte part. Ttis is 
an issue, since tte material needs to be removed using a tobby saw, creating dust 
and more work for tte Ynal user. Also, as stated previously, resin dust is toxic, 
tterefore tte user will need additional eeuipment in order to better deal witt tte 
gates jc5	.
(Image. 24, 25, 26)

Resin mixing Pouring Bubble removal Extraction Sanding Finishing touches

Prototyping Moulds

Image 24. Example of mould line
s
Image 25. Example of a fas
h
Image 26. Examples of gates
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 3 printing is an excellent example of additive manufacturing and has a very long 
story of development of the technology. Born in the ‘80s as a form of rapid 
prototyping the technology has evolved to the point that is used also to produce 
fnished products  225. While its long printing times are still a limitation that stops it 
to become more utilized as an industrial production process,  3 printing still has a 
very important place in various industries as a prototyping technology. In the 
model nit industry it is starting to cover both functions. As of now its printing times 
mane it a technology more apt to low production volumes, the level of detail of the 
machines is rapidly reaching the quality of in�ection moulding and resin casting.
It is also available to private owners, especially since plug-and-play machines are 
becoming more and more common. Interestingly enough, resin  3 printers are the 
most common plug-and-play machines, since often the F3� (flament deposit 
technology) come unassembled, with detailed instructions.
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 he process to prepare a  3 print starts from the digital development of the model 
to print.  he model will have to be already divided in its components, in order to 
facilitate the printing process. Another important precaution would be to give each 
part a fat surface.  his surface will be in contact with the printing bed, so that the 
component will have a solid contact point with it.
Once the fle has been modelled, it will be exported as a S L (Standard  assellation 
Language) fle.  his type of fle is a aA3 fle format for additive manufacturing that 
stores data based on triangulations of the surface of aA3 models.
 he S L fle is then loaded in a  slicers software, which allows the user to defne 
various settings for the printer to follow. Some of these settings are the layer height, 
the thicnness of the walls, the percentile of flling and the preparation of the 
supports that hold the model parts. Once all of the parameters have been set, the 
fle is saved as a %-code format fle and can be loaded in the printer.
 he printer is prepared before starting the print itself.  he ma�ority of industrial 
model nit printers worn with a photopolymer resin, which is cured layer by layer 
with UV light.
 he ney preparations for the printer are the levelling of the build plate, crucial in 
order to obtain correct prints, the cleaning of the build plate and flling the printer 
vat with resin.
 he  3 printers that use UV light and that are most common (especially the 
versions that are available to private owners) worn with a printing bed that gets 
submerged in the resin vat, then slowly rises.  his technology is called 
Stereolithography.  he process manes so that the print will be  upside downs, with 
the UV light source that draws the pattern of each layer.  hese layers are codifed 
during the slicing of the digital fle: the slicer software  cutss the  3 model in order 
to give the data to the printer for each layer.  he UV light cures in real time the 
resin and solidifes it.  hanns to the moving build plate, the uncured resin covers 
the previous layer, allowing the UV light to cure the next one.  his process 
continues until the print is completed.
Once the print is complete, the model can be removed from the build plate. It will 
need two forms of cleaning: the frst, and most immediate one, is the removal of 
the supports that helped the construction of the components.  he second type of 
cleaning is needed to remove excess uncured resin that stucn on the model.  his 
type of cleaning can be done by hand, in a tub with warm soapy water, or using a 
cleaning station, which will use vibration to detach the uncured resin.
 he last step is another curing phase.  his is needed to strengthen the model and 
completely solidifes the resin. Usually this phase is done with an external curing 
station, which exposes the model to UV light, but can be done by exposing the 
model to the sun for a few hours  2Õ5.
All in all, the process is very straightforward, especially if the digital model used has 
been bought or in general obtained without needing to model it.
When it come to both user and production waste, the situation is very similar to 
resin casting: any uncured resin can go bacn in the production cycle, while cured 
resin is not recyclable. Any liquid used to clean rinted parts does not become 
recyclable waste and, while it is not necessary to replace it with every washing 
cycle, it is necessary to bring the water to a water fltering center, rather than 
throwing id down the sinn  275.
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 he ma�ority of defects that the model can have are usually caused by the resin not 
curing properly, bad preparation of the printer, line unlevel build plate, incorrect 
slicing, insuffcient resin in the vat...
 he resin not curing can cause holes in the print and defects that can spiral out of 
control, since there is the risn of the subsequent layer lacning a solid support.
An unlevel build plate can have similar effects, other than obtaining prints that are 
snewed and crooned. Similar effects can be had with the presence of foreign 
ob�ects on the build plate, since they would not allow the printed layers to be fush 
on the plate.
Incorrect slicing and issues in the digital model can cause any sort of problems: 
walls too thin will mean that they canNt support themselves or elements that stand 
on that componentK the lacn of a fat surface in contact with the build plate may 
mean diffculties for the printer to develop the piece entirely, since the model 
would risn not being able to sticn to the build plate. Incorrect slicing can also cause 
a webbing effect similar to the one seen in vacuum forming, especially with 90° 
angles  285.
(Image. 27, 28, 29)
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 3 printing presents a few issues. As stated before, there is mandatory post-
processing, but in general it tanes a relatively long time to complete the print. It 
obviously depends on the size of the model, but the slicing parameters can heavily 
infuence the print times.  he quality is not always constant and, similarly to resin 
casting, it is impossible to checn the results before the process is fnished.
In addition to that,  3 printing presents a few health hazards, since the resin used 
releases toxic fumes during curing. While all resin  3 printers present a transparent 
lid that helps reducing the exposure of the user to the fumes, it is always suggested 
to use a respirator and print in ventilated areas.
Finally, resin is not easily disposable, especially when cured. Also, still liquid resin 
may not be fltered constantly, reacing an end point, which signifes the end life of 
that batch  295.

Design Slicing Loading Printing Washing Curing

Image 27. Examples of webbing on the mode
l
Image 28. Example of parts of the model not printe
d
Image 29. Example of hole caused by uncured resin/thin walls
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 3 printing is an excellent example of additive manufacturing and has a very long 
story of development of the technology. Born in the ‘80s as a form of rapid 
prototyping the technology has evolved to the point that is used also to produce 
fnished products  225. While its long printing times are still a limitation that stops it 
to become more utilized as an industrial production process,  3 printing still has a 
very important place in various industries as a prototyping technology. In the 
model nit industry it is starting to cover both functions. As of now its printing times 
mane it a technology more apt to low production volumes, the level of detail of the 
machines is rapidly reaching the quality of in�ection moulding and resin casting.
It is also available to private owners, especially since plug-and-play machines are 
becoming more and more common. Interestingly enough, resin  3 printers are the 
most common plug-and-play machines, since often the F3� (flament deposit 
technology) come unassembled, with detailed instructions.
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 he process to prepare a  3 print starts from the digital development of the model 
to print.  he model will have to be already divided in its components, in order to 
facilitate the printing process. Another important precaution would be to give each 
part a fat surface.  his surface will be in contact with the printing bed, so that the 
component will have a solid contact point with it.
Once the fle has been modelled, it will be exported as a S L (Standard  assellation 
Language) fle.  his type of fle is a aA3 fle format for additive manufacturing that 
stores data based on triangulations of the surface of aA3 models.
 he S L fle is then loaded in a  slicers software, which allows the user to defne 
various settings for the printer to follow. Some of these settings are the layer height, 
the thicnness of the walls, the percentile of flling and the preparation of the 
supports that hold the model parts. Once all of the parameters have been set, the 
fle is saved as a %-code format fle and can be loaded in the printer.
 he printer is prepared before starting the print itself.  he ma�ority of industrial 
model nit printers worn with a photopolymer resin, which is cured layer by layer 
with UV light.
 he ney preparations for the printer are the levelling of the build plate, crucial in 
order to obtain correct prints, the cleaning of the build plate and flling the printer 
vat with resin.
 he  3 printers that use UV light and that are most common (especially the 
versions that are available to private owners) worn with a printing bed that gets 
submerged in the resin vat, then slowly rises.  his technology is called 
Stereolithography.  he process manes so that the print will be  upside downs, with 
the UV light source that draws the pattern of each layer.  hese layers are codifed 
during the slicing of the digital fle: the slicer software  cutss the  3 model in order 
to give the data to the printer for each layer.  he UV light cures in real time the 
resin and solidifes it.  hanns to the moving build plate, the uncured resin covers 
the previous layer, allowing the UV light to cure the next one.  his process 
continues until the print is completed.
Once the print is complete, the model can be removed from the build plate. It will 
need two forms of cleaning: the frst, and most immediate one, is the removal of 
the supports that helped the construction of the components.  he second type of 
cleaning is needed to remove excess uncured resin that stucn on the model.  his 
type of cleaning can be done by hand, in a tub with warm soapy water, or using a 
cleaning station, which will use vibration to detach the uncured resin.
 he last step is another curing phase.  his is needed to strengthen the model and 
completely solidifes the resin. Usually this phase is done with an external curing 
station, which exposes the model to UV light, but can be done by exposing the 
model to the sun for a few hours  2Õ5.
All in all, the process is very straightforward, especially if the digital model used has 
been bought or in general obtained without needing to model it.
When it come to both user and production waste, the situation is very similar to 
resin casting: any uncured resin can go bacn in the production cycle, while cured 
resin is not recyclable. Any liquid used to clean rinted parts does not become 
recyclable waste and, while it is not necessary to replace it with every washing 
cycle, it is necessary to bring the water to a water fltering center, rather than 
throwing id down the sinn  275.
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 he ma�ority of defects that the model can have are usually caused by the resin not 
curing properly, bad preparation of the printer, line unlevel build plate, incorrect 
slicing, insuffcient resin in the vat...
 he resin not curing can cause holes in the print and defects that can spiral out of 
control, since there is the risn of the subsequent layer lacning a solid support.
An unlevel build plate can have similar effects, other than obtaining prints that are 
snewed and crooned. Similar effects can be had with the presence of foreign 
ob�ects on the build plate, since they would not allow the printed layers to be fush 
on the plate.
Incorrect slicing and issues in the digital model can cause any sort of problems: 
walls too thin will mean that they canNt support themselves or elements that stand 
on that componentK the lacn of a fat surface in contact with the build plate may 
mean diffculties for the printer to develop the piece entirely, since the model 
would risn not being able to sticn to the build plate. Incorrect slicing can also cause 
a webbing effect similar to the one seen in vacuum forming, especially with 90° 
angles  285.
(Image. 27, 28, 29)
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 3 printing presents a few issues. As stated before, there is mandatory post-
processing, but in general it tanes a relatively long time to complete the print. It 
obviously depends on the size of the model, but the slicing parameters can heavily 
infuence the print times.  he quality is not always constant and, similarly to resin 
casting, it is impossible to checn the results before the process is fnished.
In addition to that,  3 printing presents a few health hazards, since the resin used 
releases toxic fumes during curing. While all resin  3 printers present a transparent 
lid that helps reducing the exposure of the user to the fumes, it is always suggested 
to use a respirator and print in ventilated areas.
Finally, resin is not easily disposable, especially when cured. Also, still liquid resin 
may not be fltered constantly, reacing an end point, which signifes the end life of 
that batch  295.

Design Slicing Loading Printing Washing Curing

Image 27. Examples of webbing on the mode
l
Image 28. Example of parts of the model not printe
d
Image 29. Example of hole caused by uncured resin/thin walls
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This chart puts the main points of each production process in comparison, in order to better analyse the differences between each process and the pros and  cons of 
each one when comapred with the others.
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As it was shown in this chapter, the model kit industry is variegated, both in terms 
of products and in terms of production processes.
There is, though, an issue common to all of them: the presence of excess material in 
the fnished product. Whether this excess is from the supports of a 3D print or the 
runner of a injection moulded model kit, these components have their use more in 
the production process than for the customer�

While this issue is common in the industry, it would be more effective to focus on 
the plastic material and less on the resins. The reason for this is very simple: as 
stated before, injection moulding is the most common production process used in 
the model kit industry, since it allows for high production volumes and low 
production costs per unit, even considering the high initial investments. Since this 
process uses plastics and the most used is Polystyrene, analysing the issue of 
excess material becomes more effective when centred around this one.
Other than that, the fact that the resin dependent processes are much less 
adopted than the plastic dependent ones means that the overall quantity of excess 
material is minuscule in comparison.
Another reason for focusing on Polystyrene, and plastics in general, is the intrinsic 
issue of resin of not being recyclable once cured. This makes so that any effort 
should be focused on the development of solutions regarding a change in material 
or in production process and, as it will be explored in the next chapter, this presents 
quite a few issues for the smaller companies that employ resin casting or 3D 
printing�

The large usage of Polystyrene and the large quantity of material wasted in the 
runners is well known in the industry. The main challenge for dealing with the 
runners is the fact that not only they are produced together with the model kit 
components, but also that they are a necessity, since they correspond to the 
channels that the plastic ¾ows into to reach each component. This makes so that 
the quantity of material wasted during the production is very diffcult to reduce. 
Also, not many companies particularly care about this issue, since the material is 
cheap enough that the production costs do not increase excessively. At the 
moment, the only known company that is taking steps to both reduce the quantity 
of waste material in the runners and to recover and reuse said material is BA�DAI 
SPIRITS. In addition to the innovations listed previously in this chapter, the 
Japanese company has noticed that around 2’000 tons out of the 7’000 tons used 
to produce Gunpla model kits are wasted runners �30, 31�, around 29%. �onsidering 
an average weight for a Gunpla model kit to be 500 grams ~still on the runners¹ and 
considering that in 2021 the company reached 700 million units shipped, it can be 
calculated that at least 350 million tons of plastic have been used from 1980 to 2021 
to produce Gunpla model kits. If the 2’000 tons data has been calculated in 
average, it can be deduced that from 1980 to 2021 at least 98 million tons of the 
plastic used to produce Gunpla model kits was in the form of runners.
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While this data was calculated on average, the weight of each model kit varies 
greatly between grades, even if on similar scales. For example, a High Grade model 
kit will be generally lighter than a Real Grade. This is because, even if they are both 
in the 1�144 scale, the number of components and runners is much different: a High 
Grade box will contain 6 to 8 runners, for a total of around 150 components. A Real 
Grade box, instead, will contain 9 to 10 runners, a difference between 2 and four 
runners, for a total of around 250 parts. An even bigger difference is present when 
considering the 
aster Grade, the Perfect Grade and the 
ega Si!e. These grades 
correspond to the scales 1�100, 1�60 and 1�48 respectively. A 
aster Grade box 
contains between 15 and 17 runners, almost double the number in a Real Grade box, 
with 260 components. A Perfect Grade box contains 22 to 24 runners, up to three 
times the runners in a High Grade box, with 510 components. Finally, a 
ega Si!e 
box contains the same number of runners of a Perfect Grade Box, but with fewer 
components than a Real Grade  only� 220. This shows the large difference in wasted 
plastic in the runners �6, 32�#
In addition to this information, on the page on the left there are a few photos 
portraying some model kits built by the thesis student, each one with the runners 
that it came in side by side. In terms of weight comparison, the Real Grade RÉ-78-2 
Gundam, scale 1�144, weights 54g, while the runners weight 162g. The two High 
Grade model kits weight 82 and 67g each, while their runners weight 123 and 155g#
The T. Rex model kit, made in Ëimex, a material that will be analysed in depth in a 
following chapter, shows the lowest weight difference: the model weights 42g, 
while the runners 53g ~Image 30, 31¹.�
This comparison seems contradictory from the statement of BA�DAI SPIRITS 
towards the amount of plastic in runner form, but there are a few factors to keep in 
mind. First of all, all of these model kits are in the smallest scale produced by the 
company. Second of all, all of the runners, independently of the grade and scale of 
the model kit, have the same diameter. This means that for bigger model kits, with 
mode and bigger components, the weight difference shifts in favour of the model 
kit very quickly, starting from the 
aster Grade series.�

There are other factors, though, that make this excess material an issue that needs 
to be addressed quickly.�
First of all, is the recycling aspect of Polystyrene. This material is used in injection 
moulding and in vacuum forming. Thanks to its properties as plastic, it can be 
reintroduced in the production process as a recycling method, but plastic 
companies use many different additives during its manufacturing process, so it can 
be diffcult to create an effcient process to work the recovered plastic and recycle 
it. This translates to high investments for the model kit companies, since the 
recycling process that plastic recovered from the users need would comprise all the 
passages, from crushing, to cleaning, to reforming in pellets. As an added issue, 
many companies colour their plastic, which automatically makes it harder to 
reintroduce in a production process, since mechanical recycling does not eliminate 
the pigments present in the material �33�"

Another issue is shown in the research report  
odel Ãits for Hobbyists 
arket 
Growth, Si!e, Trends, Analysis Report by Type, Application, Region and Segment 
Forecast 2022-2026� �34�, published in 2022 by Technavio#
This report talks about a fractured industry, where each company is competing to 
cover a niche section of the market#
In addition to that, the report forecasts a composite annual growth rate ~�AGR¹ of 
3.48%, reaching 195,09 $ millions in 2026, with an estimation of year-over-year 
growth of 2.79% in 2022#
This growth will mean more and more model kits will be produced and the 
necessity of developing a solution to either reuse the empty runners or changing 
the most used material to a more eco-friendly one becomes more and more 
imperative.

Image 30. Example of model kits. From left to right: T. Rex model kit in Limex, High Grade L-
Gaim, Real Grade RX-78-2 Gundam, High Grade Aug
Image 3º. Runners on which the model kits are sold. The ' model kits components were 
placed on a total of 33 runners, 3 of which were for the Limex T. Rex



41

Critical issues
M

a
te

ri
a

l 
U

s
a

g
e

 a
n

d
 W

a
s

te

As it was shown in this chapter, the model kit industry is variegated, both in terms 
of products and in terms of production processes.
There is, though, an issue common to all of them: the presence of excess material in 
the fnished product. Whether this excess is from the supports of a 3D print or the 
runner of a injection moulded model kit, these components have their use more in 
the production process than for the customer�

While this issue is common in the industry, it would be more effective to focus on 
the plastic material and less on the resins. The reason for this is very simple: as 
stated before, injection moulding is the most common production process used in 
the model kit industry, since it allows for high production volumes and low 
production costs per unit, even considering the high initial investments. Since this 
process uses plastics and the most used is Polystyrene, analysing the issue of 
excess material becomes more effective when centred around this one.
Other than that, the fact that the resin dependent processes are much less 
adopted than the plastic dependent ones means that the overall quantity of excess 
material is minuscule in comparison.
Another reason for focusing on Polystyrene, and plastics in general, is the intrinsic 
issue of resin of not being recyclable once cured. This makes so that any effort 
should be focused on the development of solutions regarding a change in material 
or in production process and, as it will be explored in the next chapter, this presents 
quite a few issues for the smaller companies that employ resin casting or 3D 
printing�

The large usage of Polystyrene and the large quantity of material wasted in the 
runners is well known in the industry. The main challenge for dealing with the 
runners is the fact that not only they are produced together with the model kit 
components, but also that they are a necessity, since they correspond to the 
channels that the plastic ¾ows into to reach each component. This makes so that 
the quantity of material wasted during the production is very diffcult to reduce. 
Also, not many companies particularly care about this issue, since the material is 
cheap enough that the production costs do not increase excessively. At the 
moment, the only known company that is taking steps to both reduce the quantity 
of waste material in the runners and to recover and reuse said material is BA�DAI 
SPIRITS. In addition to the innovations listed previously in this chapter, the 
Japanese company has noticed that around 2’000 tons out of the 7’000 tons used 
to produce Gunpla model kits are wasted runners �30, 31�, around 29%. �onsidering 
an average weight for a Gunpla model kit to be 500 grams ~still on the runners¹ and 
considering that in 2021 the company reached 700 million units shipped, it can be 
calculated that at least 350 million tons of plastic have been used from 1980 to 2021 
to produce Gunpla model kits. If the 2’000 tons data has been calculated in 
average, it can be deduced that from 1980 to 2021 at least 98 million tons of the 
plastic used to produce Gunpla model kits was in the form of runners.
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While this data was calculated on average, the weight of each model kit varies 
greatly between grades, even if on similar scales. For example, a High Grade model 
kit will be generally lighter than a Real Grade. This is because, even if they are both 
in the 1�144 scale, the number of components and runners is much different: a High 
Grade box will contain 6 to 8 runners, for a total of around 150 components. A Real 
Grade box, instead, will contain 9 to 10 runners, a difference between 2 and four 
runners, for a total of around 250 parts. An even bigger difference is present when 
considering the 
aster Grade, the Perfect Grade and the 
ega Si!e. These grades 
correspond to the scales 1�100, 1�60 and 1�48 respectively. A 
aster Grade box 
contains between 15 and 17 runners, almost double the number in a Real Grade box, 
with 260 components. A Perfect Grade box contains 22 to 24 runners, up to three 
times the runners in a High Grade box, with 510 components. Finally, a 
ega Si!e 
box contains the same number of runners of a Perfect Grade Box, but with fewer 
components than a Real Grade  only� 220. This shows the large difference in wasted 
plastic in the runners �6, 32�#
In addition to this information, on the page on the left there are a few photos 
portraying some model kits built by the thesis student, each one with the runners 
that it came in side by side. In terms of weight comparison, the Real Grade RÉ-78-2 
Gundam, scale 1�144, weights 54g, while the runners weight 162g. The two High 
Grade model kits weight 82 and 67g each, while their runners weight 123 and 155g#
The T. Rex model kit, made in Ëimex, a material that will be analysed in depth in a 
following chapter, shows the lowest weight difference: the model weights 42g, 
while the runners 53g ~Image 30, 31¹.�
This comparison seems contradictory from the statement of BA�DAI SPIRITS 
towards the amount of plastic in runner form, but there are a few factors to keep in 
mind. First of all, all of these model kits are in the smallest scale produced by the 
company. Second of all, all of the runners, independently of the grade and scale of 
the model kit, have the same diameter. This means that for bigger model kits, with 
mode and bigger components, the weight difference shifts in favour of the model 
kit very quickly, starting from the 
aster Grade series.�

There are other factors, though, that make this excess material an issue that needs 
to be addressed quickly.�
First of all, is the recycling aspect of Polystyrene. This material is used in injection 
moulding and in vacuum forming. Thanks to its properties as plastic, it can be 
reintroduced in the production process as a recycling method, but plastic 
companies use many different additives during its manufacturing process, so it can 
be diffcult to create an effcient process to work the recovered plastic and recycle 
it. This translates to high investments for the model kit companies, since the 
recycling process that plastic recovered from the users need would comprise all the 
passages, from crushing, to cleaning, to reforming in pellets. As an added issue, 
many companies colour their plastic, which automatically makes it harder to 
reintroduce in a production process, since mechanical recycling does not eliminate 
the pigments present in the material �33�"

Another issue is shown in the research report  
odel Ãits for Hobbyists 
arket 
Growth, Si!e, Trends, Analysis Report by Type, Application, Region and Segment 
Forecast 2022-2026� �34�, published in 2022 by Technavio#
This report talks about a fractured industry, where each company is competing to 
cover a niche section of the market#
In addition to that, the report forecasts a composite annual growth rate ~�AGR¹ of 
3.48%, reaching 195,09 $ millions in 2026, with an estimation of year-over-year 
growth of 2.79% in 2022#
This growth will mean more and more model kits will be produced and the 
necessity of developing a solution to either reuse the empty runners or changing 
the most used material to a more eco-friendly one becomes more and more 
imperative.

Image 30. Example of model kits. From left to right: T. Rex model kit in Limex, High Grade L-
Gaim, Real Grade RX-78-2 Gundam, High Grade Aug
Image 3º. Runners on which the model kits are sold. The ' model kits components were 
placed on a total of 33 runners, 3 of which were for the Limex T. Rex
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 his chapter is going to focus on analysing the model kit industry network map, 
frst as a general overview, then divided in the various sectorss manufacturing, 
marketing/communication and sales.  his analysis will be used to fnd challenges 
and opportunities within the network and to defne potential solutions.  hese 
solutions will be analysed using a multicriteria analysis in order to fnd the most 
effective ones.
After researching the industry sector and the most common production processes, 
it was possible to design a plausible general industry network.  his network is 
mainly focused on production processes that require moulds, in particular injection 
moulding.  here are a few reasons for thiss the frst and most important one is the 
fact that injection moulding not only is the most common method of production 
for model kits, but it is also the one that guarantees the highest production volume. 
 his, in turn, translates to a higher quantity of production waste and of user waste.
Another important reason is that the injection moulding sector network is much 
more common in various industries outside model making when compared to resin 
casting and 3D printing.  his means that it was possible to analyse it more in depth, 
since the general organization of the network is very similar between industries. 
Since vacuum forming, resin casting and 3D printing are more niche and have 
other application much more different from the model kit industry, it was not 
possible to hypothesize an industry network that could be proven in a signifcant 
way.
One fnal reason is the material used in the process.  he plastic used by the vast 
majority of model kit companies is ¿olystyrene, while the resin used in both resin 
casting and 3D printing has many different options.  he fact that a single type of 
plastic is used in the industry makes much more feasible to develop solutions that 
can be applied to the industry as a wholes an example would be the transition to a 
different plastic material that can be used with existing technologies, which could 
be adopted on a larger scale, instead of needing a different solution from company 
to company.
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In terms of connections between sectors, manufacturing, communication and sales 
are interconnected inside the company itself. As described in the Games Workshop 
case study, the departments need to work together in order to market the fnished 
products to the customers and to offer them the highest quality model kit possible.
 his can be avoided by creating a channel for the costumers to better understand 
the production process behind the company products. While it does not need to be 
particularly detailed �e.g. suppliers, the technical working of the machines,...�, 
allowing a more complete understanding of the production process can help 
accepting news regarding costs and prices issues and potential changes in 
material. One important detail about materials are the tools needed to assemble 
the models. While some, like the ðAîDAI S¿I�I S ones, can be assembled without 
glue, others require to be glued, especially models like the Games Workshop 
miniatures. A clear communication regarding the most effective and safest glue 
options could be very useful, especially in case changes to the material used in 
production happen. While often community of enthusiasts can help newcomers to 
understand which tools are effective, receiving information from the manufacturers 
may help the model makers as a whole�

 here are three more focus points on the diagram on the previous page.
 he type of production, which can go from low volume to industrial production 
volume is indicative of the difference between the four production processes 
analysed previously. As seen at the end of the chapter, the processes that utilize 
plastic are more indicated for industrial production volumes. While analysing the 
network and the possible solutions, it appeared more feasible for companies that 
already invested in more expensive production process to adopt systemic solutions. 
In the case of companies that utilize resin casting and 3D printing, the investments 
needed to adopt new technologies and/or new materials may be too much to bear. 
Also, in those cases, it would be more akin to an expansion of the product 
catalogue.
In similar fashion, the availability point is more an analysis of private owners to start 
using the production processess resin casting and 3D printing already are feasible 
by almost anyone, while injection moulding and vacuum forming are limited to a 
factory context.
 he fnal focus point is the user waste.  his is mainly composed by empty runners, 
the cardboard box that contained the model kit and other packaging. As seen 
previously, each production process presents different waste for the user, with 
plastic being recyclable, while resin is not. As a matter of fact, the many available 
ways to recycle plastic make the user waste a valuable resource, which at the 
moment is left to the fnal user, uncared for by most companies.

O
v
e
rv
ie
w

Analysing the network map as a whole, it is possible to notice a few things.
 he frst interesting aspect is the fact that there is no contact between the fnal 
users and the sector network. ¿articularly, the manufacturing system does not have 
a direct connection with the customer. While this is not necessarily an issue in and 
on itself, since the interest that the customer has in the company model kits is 
usually not correlated with the production process, it does leave the customers in 
the dark for quite a few details. �aises in price, for example, can be met with 
suspect if the fnal users do not have any clear idea about production costs and 
eventual changes. If a company were to adopt a new material, the users may not be 
able to understand how much will change in terms of tools needed, especially if 
there already is a lack of understanding of the production process.

Manufacturing Network

Us ally left to the fnal  serr 
uncared for by most companies

Drastically changes from one 
production process to another

From low volume to industrial

Distribution Network

Marketing Network
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The sector network identifed comprises the manufacturing and design 
department of a model kit company, together with the external suppliers of 
materials and moulds.

The manufacturing and design departments of a model kit company work closely 
together to develop each new product and to develop all the elements needed for 
the production.
The design department starts by designing the model kit in all of its details, from 
the overall size to the shape of each component. It also works on the contact points 
that allow the assembly of the model kit£ in the case of interlocks, the design will 
comprise all the locking points on each component. In the case of models that 
need to be glued together, the contact points between each component are 
studied so that the surface of contact will be large enough to give solidity to the 
connection, independently of the glue used. This is critical especially for smaller 
components, which may have trouble sticking to larger ones.
Once a frst version of the design has been developed, the manufacturing 
department prototypes it. This allows to check all the key points of a model kits£ 
from the overall assembly, to how fush the various components ft together. After 
these frst tests, the prototype and the results are sent back in the design 
departments, so that the model kit can be modifed and adjusted. This process gets 
repeated until the fnal version of the model kit is reached.
At this point the components of the model can be separated one last time and 
placed on the runner digitally. Then, the fle will be sent to the mould 
manufacturer, which will produce the mould based on both the design and the 
re�uired parameters.
Once the moulds are received by the company, these are used in the production 
process.
To produce the model kits, a material supplier is needed.
From the material manufacturers, the company will buy the materials necessary. 
These vary in base a few factors, like the colour and, most importantly, the demand 
from the company customers. This data is given by the sales department, which 
will be analysed later in the chapter.
Once the company manufacturing department has at its disposition all the 
materials and the moulds needed, the production process can start.
From the production process and the manufacturing department come the 
production waste, which can be recycled.
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Analysing the suppliers for the model kit industry, these can be mainly 
differentiated between mould manufacturers and material manufacturers.
The former work together with the company more closely than the latter. This is 
because the mould making process is directly linked to the design department of 
the company.
The mould making process usually sees the metal machined, since it is the most 
precise way to cut and drill all the details on the material without the need of a 
physical master. The C�C (Computer �umerical Control) machines process the 
metal by following coded programmed instructions. These instructions are the data 
in the digital fle that the model kit company send to the mould manufacturer. 
Before the actual production of the mould, though, there is a communication 
between the two companies in order to preventively modify the digital fle if any 
issue is noticed by the mould manufacturer. These issue may be errors in the digital 
model that not allow the machine to cut a certain section in a certain way.
This back and forth is also important in defning an estimate of the cost of the 
mould. The fnal price will be defned at the end of the production of the mould 
and, based on various parameters (e.g. complexity, size,...) it can range from tens to 
hundreds of thousands of dollars.
When it comes to material manufacturers, they will be in contact with the 
company in a less communicative way.  enerally speaking, outside of situations 
where the model kit company need a specifc colour outside of the standard ones 
that the material suppliers has at hand, the interaction needs less details.
In this case, the plastic material used in the industry is mainly Polystyrene, which is 
widely produced and has a relatively low cost, Ï�)ÇÅ 	Éton (data at 
Ä

 from 
Statista.com). This helps lowering the production costs, and, since the majority of 
model kits are �uite light, usually well under Ï kg, the material cost per unit 
produced is low.
Depending on the company, the Polystyrene bought will be of various colours. 
Companies that offer multicoloured kits from the box will need to buy multiple 
batches of various colours, giving precise re�uests on the colour codes. In this case, 
the communication between the two companies may be more in depth, mainly in 
order to guarantee the correct colour needed.
Companies that, instead, sell model kits that need to be painted will buy only a 
single colour batch. This will differentiate the overall costs of the material, since 
customÁcoloured material will have a higher price compared to a standard colour 
one.

How often does it go back in 
the production process?

Prototyping

Niche industry that presents different materials and 
technologies based on the production process
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fllsnlid,nafniwlniimpliynwlsnpwysailbnsiirl,nafniwlrlnasniwlnipiaiiniinrlilaalniwln
irdlrndarliibynainiwlnsiirlnlidn wliniwlinliilabs.nAiiiwlrnampiriliinsliiaiisnifniwln
wimlplalnlrlnlnsllriwnalr,n waiwnwlbpsniusiimlrsniinfidniwlnpriduiisniwliniwlyn
lrlnaiilrlsildnai,nlidnlnwlldlr,n waiwnasnplriaiublrbynuslfubniinlbbi niwlniusiimlrsn
iinbiiknfirnlnilrilainiyplnifnpriduii.nTwlnpriduiisnlrl,nainflii,nalilrlbbyndaaadldnain
ililairalsnaynilas.nAnwlldlrn abbnusulbbynswi nmirlnalilrlbnilas,nlsplialbbyn wlinln
iimpliynwlsnmirlniwliniilnIP.nSimlnsailsnwlldlrsnfuiiiaiin aiwnlnwialrnflliurl,n
 wlrlnaynwialraianiwlniursirniinlnilanlnsiribbndi in aidi n abbnlppllr,nlbbi aian
firnlnmirlnprliaslnslbliiaiinifnpriduiish
Wwlinainiimlsniinlnpriduiinplal,nusulbbyniwlrlnlrlnlnfl nklyniwaiasniwlinwlbpniwln
iusiimlrnainpuriwlsaianiwlnailm.nFarsinifnlbb,nlnsliiaiin aiwnilml,nprailnlidn
lalablaabaiy.nGlilrlbbynlnauiiiiniwlinlbbi sniinpuiniwlnpriduiinainiwlnswippaianilrinasn
prlslii.nAnswippaianilrinasnliiiwlrnfuiiiaiiniwlinliiailsniwlniusiimlrnainauyaian
mirlnpriduiis:naaaaianiwlmniwlnipiaiiniinslbliin waiwnailmsniwlynlrlnaiilrlsildnai,n
 aiwiuinfiriaianiwlmniinauyniwlnpriduiisnammldalilbyniilnayniil,niwlniusiimlrsn
lrlnmirlnaiilrlsildnainiiiiaiuaianari saianlidnmlynlidnupnauyaianmirlnpriduiisn
iwliniraaailbbynaiilidld.nOiwlrniwliniwlslnfuiiiaiis,npaiiurlsnifniwlnlsslmabldnlidn
pisldnmidlbnkainlrlnlb lysnprlslii,nsaiilniwlniusiimlrnilldsniinalnlablniinslln
ibllrbyn wliniwlynlrlnlaiuiniinauy.nTwli,nsimlnmirlnalilrlbnaifirmliaiinmlynaln
prlslii,n aiwnmirlndlilabldniilsnpblildnbi lrnainiwlnplal.nTwasnmlklsniwln
iusiimlrnsiribbndi inlid,nifili,nalfirlniwlndlilabldnaifirmliaii,nlnsliiaiiniwlin
suaalsisnaiilrlsiaianailmsnfirniwlniusiimlrnasnprlslii.nTwasnsliiaiinasnifiliniurlildn
aynlinlbairaiwm,n waiwnlilbyslsniwlnirdlrnifniiwlrniusiimlrsniwlinaiibudlniwlnailmn
ari sldnliniwlnmimliih
Giaianquaikbynalikniiniwlnlalablaabaiynifnilrilainailms,niwlrlnlrlni inmlain
sililrais:nafnlnpriduiinasnyliniinalnrlbllsld,nainmlynalnpissaablniinprl-irdlrnai.nTwasn
aulrliillsniwlniusiimlrniinrlilaalnlniipyniiilniwlnmidlbnkainasnbluiiwld.nIiniwln
ilslniwlinlinailmnasniiinlalablablniibail,niwlrlnmlynalniwlnipiaiiniinrlqulsinln
iiiafiliaiin wlinain abbnalnlalainlalablable

Wwlinainiimlsniinpwysailbnsiirls,niwlnmlaindafflrliiln_iiwlrniwliniwlnfliiniwlin
iward-plriynsiirlsnifflrnmirlniwlin�usiniilniimpliynpriduiisrnasniwlnlalablaabaiynifn
priduiisnlidnwi nifilinil npriduiisn abbnalnswappld.nIinlnfrsi-plriynpwysailbn
siirl,niwlnbailnali lliniimpliynlidnsiirlnasndarliinlidniwus,niwlnpriduiisnlrln
rlbliaalbynllsyniiniailai.nTwardnplriynrlilablrs,naisilld,nmlynwlalnlinwlrdlrniamln
rlilaaaianil npriduiisnlidnrlsiiikaia.nIfnlnpwysailbnsiirlnasnplrinifnlnrlilabniwlai,n
iwlnailmsnsibdnayniwlnmidlbnkainiimpliyn abbnalnrldasiraauildnainiwlnsiirlsnplrinifn
iwlniwlaih
Twasnmlklsnwlrdlrnfirnlniusiimlrniinllsabynfidnilrilainailms,n wablnainfrsi-plriyn
pwysailbnsiirlsnasnllsalrniinirdlrniwln liildnpriduii,niwliksniiniwlnwlbpnfrimniwln
siirlnlmpbiylls.
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Twlnslblsndlplrimliin irksnainilidlmn aiwniwlniiwlrniwrllndlplrimliisnainirdlrn
iiniraliazlniwlnslblsnifniwlnil npriduiisndlalbipldh
Tialiwlrn aiwniwlnmliufliiuraiannlidniwlnmlrkliaiandlplrimliisniwlynlilbysln
iwlnpiiliialbndlmlidnfirniwlnliiiuiildnpriduiis,nainirdlrniindlfilniwlnquliiaiyn
ifnmlilralbnililsslryniinfubfbniwlnrlqulsis.nTwasnasnalilrlbbyndiilnaini inpwlsls.n
Farsi,niwlndlplrimliisnrlsllriwniwlnslblsnaibumlnifnsamablrnailms.nFirnlxlmpbl,n
 wlinBANDAInSPIRITSnrlbllslsnlnil nmidlbnkainainiwlnRllbnGrldlnbail,niwlnslblsnifn
iiwlrnkaisnainiwlnslmlnbailnainlnsamablrnrlbllslnplraidn abbnalniimplrld,nainirdlrniin
pbliniwlnfrsinpriduiiaiinaliiwh
Aiiiwlrn lyniiniwlikniwlnpiiliialbndlmlidnifnlnil npriduiinilinalniwlnrlliiaiin
iiniwlnliiiuiilmliis.nFirnlxlmpbl,nGlmlsnWirkswipnusulbbynliiiuiilsnil n
midlbsnusaianiwlnsailnWlrwlmmlrnCimmuiaiy.nTwlnlriaiblsnaaalniwlnipiaiiniiniwln
rlldlrniinbaklniwlmnlid/irnswlrlniwlm.nTwlniumalrsnifnbaklsnlidnswlrlsn abbnaln
iimplrldniinslblsnifnsamablrnpriduiisnlidnfrimniwlinainasnpissaablniinwlalnln
rlbliaalbynibllrnpaiiurlnifniwlnslblsnlinbluiiwnifnil nmidlbnkaish
Twasnlbbi sniwlnmliufliiuraiandlplrimliiniinirdlrniwlnmlilralbnilldldnain
aliiwls,nainirdlrniindasiraauilniwlnmlilralbniisisniinlnilrilainiamlnfrlml,nlaiadaian
lxilssaalnauyaianiimplrldniiniwlnpiiliialbndlmlid.nTwasnmliwid,niwiuaw,nilinaln
rasky.nFirnlxlmpbl,nliniwlnbluiiwnliniwlnlidnifn202tnifniwlnaixnalmlnxWlrwlmmlr:n
CursldnCaiy”,niwlnplrilaaldndlmlidn lsniiinbi niimplrldniiniwlnliiulbniiln[35].n
Mliynplipblnwldnassulsnauyaianainfrimniwlniibailnsiirl,niwliksniinainquaikbynslbbaian
iui.nAbsi,nmliyniipalsn lrlnsliindarliibyniinrlilabnsiirls,n waiwnifilinrlquarlniwlsln
almlsnalsldniiniwlnaiilrlsinswi inayniwlniusiimlrs.nLlilr,nduraian2022,niwlnalmln
 lsnrlpraiild,nfrsinainlni in llknbiianmldl-iinirdlrnsysilmn_lnsysilmnain waiwn
iusiimlrsniiubdnirdlrnlniipynlidnain lsnaulrliilldniinrlilaalrnlidniwlinlnfubbn
rlpraii.nNi ldlysniwlnalmlnasnlalablablniibailh
Aiiiwlrnlblmliinifniwlnmidlbnkaindliadldnayniwlnslblsndlplrimliinasniwlnfilbn
prail.nTwlnprailnifnlnmidlbnkainasnbaikldniinalraiusnfliiirs.nTwlnfrsinlidnmisin
ampiriliiniil,nlrlniwlnpriduiiaiiniisis.nTwlslnmusinalniialrldnayniwlnprailnlidn
ifilinmlklnupniwlnalslbailnfrimn waiwniwlnfilbnalbulnasnsli.nTwlynlrlniwlnsumnifnlbbn
iwlniisisniwlniimpliynaiiurrldnduraianiwlnpriduiiaiindaaadldnayniwlniumalrnifn
uiaisnpriduild.nTwlniisisnaiibudl:niwlnmliufliiuraianifniwlnmiubds,niwlnmlilralbn
iinpriduilniwlnmidlb,niwlnmlipi lrnilldldnaiiwnainiwlnmliufliiuraianpwlsln
lidnainiwlndlsaainpwlslnlid,nainalilrlb,niwlniisinifniwlnlmpbiylls,nlii.nFrimniwasn
albul,niwlnprailnasndliadldnusaianiwlnmlrkupnmliwid,n waiwnlddsnlnplriliilalnifn
iwlniisisniiniwlm.nFirnlxlmpbl,nafniwlnialrlbbniisisnplrnuiainlrlnt00€nlidniwln
mlrkupnasn20],niwlnfilbnprailnifniwlnmidlbnkain abbnalnt20€.nTwasnilbiubliaii,niwiuaw,n
musinalnmldlnilkaianilrlnainpbliaianiwlnmidlbnkainprailnainlnilrilainrlialn
dlplidaianiiniwlnmidlbnaislbf.nFirnlxlmpbl,niwlnHaawnGrldlnmidlbnkaisn abbniisin
ali llint0nlidn20€,nuiblssniwlynlrlnbamaildnldaiaiis/lxibusaalnpriduiis.nMlsilrn
Grldlnmidlbnkais,naisilld,n abbnrlialnali llin50niinmirlniwlin200€,ndlplidaianiin
iwlnmidlbnlidniwlnblalbnifndlilab.
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Oibailnsiirlsnalilrlbbynfuiiiaiinainlnalrynsamablrn ly.nFarsi-plriyniilsnlrlnfiiusldn
lxibusaalbyniiniwlnpriduiisnfrimniwlinspliafiniimpliynlidnilinliinlsnlnmlrkliaian
iiib,n wablniward-plriyniilsnlrlnusulbbynmirlndaalrsafld.3
Twlnpriduiisnprlsliildniiniwlnwimlnplalnifnfrsi-plriynsiirlsnlrlnalilrlbbyn
daaadldnali llinalraiusnililairals.nTwlnmisinprimailiinlrlnil npriduiis.nTwlsln
lrlnprlsliildnainiibiurfubnarlpwaisnlid,nlsplialbbynafniwlnmidlbsnilldniinalnplaiild,n
iwlrlnlrlnwaawndlfiaiaiinpaiiurlsnifniwlnlsslmabldnlidnplaiildnmidlbniinliiailniwln
iusiimlr.nTwlrlnlrlnlbsinflliurldnpriduiis,n waiwnifiliniiisasinifnmidlbsniwlinlrln
ifilinaiuawi.nIiniwasnilslniii,niwiuaw,niwlnfiiusnasnpuiniinil lrnpriduiisnlidniin
mirlnlxplisaalniils.nAiiiwlrnampiriliinaifirmliaiinifilinprlsliiniiniwln
wimlplalnifnliniibailnsiirlnasnrlbliaalniinswappaianlidnswappaianflls.nGlilrlbbyn
iwlslnaifirmliaiinlrlnbaikldniinlnmaiamumnirdlrnprailnilldldniinaiadniwlnswappaian
fllsnlid,nafniwlniimpliynwlsnpwysailbnsiirl,nafniwlrlnasniwlnipiaiiniinrlilaalniwln
irdlrndarliibynainiwlnsiirlnlidn wliniwlinliilabs.nAiiiwlrnampiriliinsliiaiisnifniwln
wimlplalnlrlnlnsllriwnalr,n waiwnwlbpsniusiimlrsniinfidniwlnpriduiisniwliniwlyn
lrlnaiilrlsildnai,nlidnlnwlldlr,n waiwnasnplriaiublrbynuslfubniinlbbi niwlniusiimlrsn
iinbiiknfirnlnilrilainiyplnifnpriduii.nTwlnpriduiisnlrl,nainflii,nalilrlbbyndaaadldnain
ililairalsnaynilas.nAnwlldlrn abbnusulbbynswi nmirlnalilrlbnilas,nlsplialbbyn wlinln
iimpliynwlsnmirlniwliniilnIP.nSimlnsailsnwlldlrsnfuiiiaiin aiwnlnwialrnflliurl,n
 wlrlnaynwialraianiwlniursirniinlnilanlnsiribbndi in aidi n abbnlppllr,nlbbi aian
firnlnmirlnprliaslnslbliiaiinifnpriduiish
Wwlinainiimlsniinlnpriduiinplal,nusulbbyniwlrlnlrlnlnfl nklyniwaiasniwlinwlbpniwln
iusiimlrnainpuriwlsaianiwlnailm.nFarsinifnlbb,nlnsliiaiin aiwnilml,nprailnlidn
lalablaabaiy.nGlilrlbbynlnauiiiiniwlinlbbi sniinpuiniwlnpriduiinainiwlnswippaianilrinasn
prlslii.nAnswippaianilrinasnliiiwlrnfuiiiaiiniwlinliiailsniwlniusiimlrnainauyaian
mirlnpriduiis:naaaaianiwlmniwlnipiaiiniinslbliin waiwnailmsniwlynlrlnaiilrlsildnai,n
 aiwiuinfiriaianiwlmniinauyniwlnpriduiisnammldalilbyniilnayniil,niwlniusiimlrsn
lrlnmirlnaiilrlsildnainiiiiaiuaianari saianlidnmlynlidnupnauyaianmirlnpriduiisn
iwliniraaailbbynaiilidld.nOiwlrniwliniwlslnfuiiiaiis,npaiiurlsnifniwlnlsslmabldnlidn
pisldnmidlbnkainlrlnlb lysnprlslii,nsaiilniwlniusiimlrnilldsniinalnlablniinslln
ibllrbyn wliniwlynlrlnlaiuiniinauy.nTwli,nsimlnmirlnalilrlbnaifirmliaiinmlynaln
prlslii,n aiwnmirlndlilabldniilsnpblildnbi lrnainiwlnplal.nTwasnmlklsniwln
iusiimlrnsiribbndi inlid,nifili,nalfirlniwlndlilabldnaifirmliaii,nlnsliiaiiniwlin
suaalsisnaiilrlsiaianailmsnfirniwlniusiimlrnasnprlslii.nTwasnsliiaiinasnifiliniurlildn
aynlinlbairaiwm,n waiwnlilbyslsniwlnirdlrnifniiwlrniusiimlrsniwlinaiibudlniwlnailmn
ari sldnliniwlnmimliih
Giaianquaikbynalikniiniwlnlalablaabaiynifnilrilainailms,niwlrlnlrlni inmlain
sililrais:nafnlnpriduiinasnyliniinalnrlbllsld,nainmlynalnpissaablniinprl-irdlrnai.nTwasn
aulrliillsniwlniusiimlrniinrlilaalnlniipyniiilniwlnmidlbnkainasnbluiiwld.nIiniwln
ilslniwlinlinailmnasniiinlalablablniibail,niwlrlnmlynalniwlnipiaiiniinrlqulsinln
iiiafiliaiin wlinain abbnalnlalainlalablable

Wwlinainiimlsniinpwysailbnsiirls,niwlnmlaindafflrliiln_iiwlrniwliniwlnfliiniwlin
iward-plriynsiirlsnifflrnmirlniwlin�usiniilniimpliynpriduiisrnasniwlnlalablaabaiynifn
priduiisnlidnwi nifilinil npriduiisn abbnalnswappld.nIinlnfrsi-plriynpwysailbn
siirl,niwlnbailnali lliniimpliynlidnsiirlnasndarliinlidniwus,niwlnpriduiisnlrln
rlbliaalbynllsyniiniailai.nTwardnplriynrlilablrs,naisilld,nmlynwlalnlinwlrdlrniamln
rlilaaaianil npriduiisnlidnrlsiiikaia.nIfnlnpwysailbnsiirlnasnplrinifnlnrlilabniwlai,n
iwlnailmsnsibdnayniwlnmidlbnkainiimpliyn abbnalnrldasiraauildnainiwlnsiirlsnplrinifn
iwlniwlaih
Twasnmlklsnwlrdlrnfirnlniusiimlrniinllsabynfidnilrilainailms,n wablnainfrsi-plriyn
pwysailbnsiirlsnasnllsalrniinirdlrniwln liildnpriduii,niwliksniiniwlnwlbpnfrimniwln
siirlnlmpbiylls.
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Tiw onekwbser dweneboweb ini biw nedusui jsn sa aewnbser sebwewib se ewe 
eesduabi se biw auibsoweie
Hnvser biw bnik sa eunisaszser n ewe eesduab6 bisi dweneboweb si biw sewi binb ini 
biw osib asebnabi subisdw biw asoeney se sedwe bs ewnai esbi biw osib esbwebsni 
auibsowei. Ib niis ini biw jsn sa dwvwiseser n onekwbser inerunrw bnsisewd bs biw IP 
ned bs biw eesduab sbiwia. 
Wsekser bsrwbiwe esbi biw iniwi ned dwisre dwenebowebi6 biw onekwbser sew ane 
asoouesanbw bs biw auibsowei dwbnsii se ewrned sa ewe eesduabi bs nw inueaiwi6 
nub seiy se biw qunebsby ned esbi biw bsoser niisewd ny biw asoeney. Rwrnedser 
ewe eesduabi6 biw onekwbser bwno jsn si bs aewnbw ned nusid sebwewib se biw 
auibsowe ny rsvser seiy ionii nsbi sa seaseonbsse. Ae winoeiw si biw dRuose 
Eersew” iyibwo dwvwisewd ny Gnowi Wsekiise. Tisi iyibwo ewiwniwi n ewe nebsaiw 
se biw Wneinoowe Csoouesby isbw ewiwniser n iseriw esabuew6 se ninak ned eisbw6 
sa n dwbnsi sa n ewe osdwi. Tisi aewnbwi auessisby se biw asoouesby sa webiuisnibi6 
eis bey ned ruwii einb biw ewe osdwi asuid nwe
Ie rweweni6 biw onekwbser dweneboweb esii niis esek se biw asoeney seisew ibsew 
ned isbw. Ie biw ibsew6 biwy esii onseiy esek se biw vnessui reneisai sa biw aeseb 
enrw. Fse winoeiw6 nii biw sonrwi ned eisbsi uiwd se biw eesduabi enrw ned se biw 
isowenrw new iwiwabwd ny biw onekwbser bwnoi ned biw dwisre bwno. Ia n osdwi 
ini n enebsauineiy seesvnbsvw owainesa se sebwewibser dwbnsii6 biw jsn sa biw 
onekwbser dweneboweb si bs asaui se bisiw kwy wiwowebie
Aesbiwe niewab binb biw onekwbser dweneboweb ini biw duby bs asoouesanbw bs 
biw eunisa new inueai dnbwi ase ewe eesduabi. Tiwiw dnbwi new uiuniiy iwb nniwd se 
biw ibnbw sa eesduabsse sa n osdwi ned biw nebsasenbwd ewessd se eisai biw 
asoeney esii invw eesduawd wesuri aseswi bs iwed bs feib ned bised eneby ibsewi6 
nsbi eiyisani ned seisewe
Aiis6 biw onekwbser bwno ini bs eunisaszw vnessui wvwebi serneszwd ny biw 
asoeney. Wiwbiwe biw wvwebi new isekwd n asiinnsenbsse esbi sbiwe IPi se new 
awiwnenbsey sa ne neesvweiney sb si esb soesebneb. Tiw onse snjwabsvw si bs iwie biw 
asoouesby sa webiuisnibi kese nnsub biw wvwebi ned enebsasenbsere
Aiis6 biw onekwbser dweneboweb eseki se serneszser insd wvwebi6 wiewasniiy eiwe sb 
asowi bs rwb se asebnab esbi fruewi subisdw biw asoeney eisai asuid neser osew 
enebsasenebi. Fse winoeiw6 ne wvweb awebewd nesued niiwoniser osdwi ksbi ony wed 
ue esbi biw asoeney sevsbser sefuweawei bs enebsasenbwe
Fseniiy6 biw onekwbser bwno esii iuewevsiw biw asoeney enebsasenbsse bs wibweeniiy-
serneszwd wvwebi6 iskw asevwebssei. Ie biwiw wvwebi6 biw asoeney ony serneszw n 
ibned bs iwii sbi eesduabi6 nub niis serneszw nabsvsbswi binb ony sebesduaw ewe 
ewseiw bs biw isnny.
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Tiw onekwbser dweneboweb uiwi vnessui asoouesanbsse aineewii bs ieewnd 
seaseonbsse bs biw esbwebsni auibsowei. Ssow sa biwiw aineewii new eneb sa biw 
asoeney niiwbi6 eisiw sbiwei new wsbiwe dbised-eneby” se wibweeni ned asebnabwd ny 
biw asoeney se vnessui saanisseie
Gweweniiy6 biw onekwbser dweneboweb esii esek se biw vnessui nebsaiwi binb new 
eunisiiwd se biw onse asoeney isbw nvnsinniw bs biw eunisa. Tiwiw nebsaiwi new 
uiuniiy uiwd bs asoouesanbw nnsub ewe eesduabi6 ainerwi se eenabsawi ned eesawi 
ned wvwe nnsub ewe eiyisani ibsewi binb biw asoeney esii sewe. Ssosineiy bs biw 
seisew ibsew6 biwiw nebsaiwi new uiwd bs aewnbw sebwewib se ewe eesduabi ned seaseo 
biw auibsowei se biw dwbnsi biw asoeney sebwedi bs iinew. Fse winoeiw6 eiwe n 
asoeney ibnebi n ewe sesbsnbsvw6 sa ney ksed6 ne neesisbw nebsaiw esii nw eesbbwe ned 
eunisiiwd se sedwe bs seaseo biw eunisa. Tisi ksed sa nebsaiw6 bisuri6 dseAb nienyi 
asebnse nii biw dwbnsii bs enseb n auii esabuew ned6 seibwnd6 new uiwd bs iiseiy fii nii 
biw rnei. Tisi eny6 biw uiwei new osew sevwibwd se asiiseser biw ewei aeso biw 
asoeney. 
Wiwe sb asowi bs ndvwebsiser6 rweweniiy osdwi onkser asoeneswi ds esb uiw 
onseibewno aineewii iskw bwiwvsisse ndvwebsiwowebi6 nub eewawe bs saauey ienawi 
eiwew biwew si niewndy ne sebwewib bsenedi biw isnny. Tisi ownei binb biwy eewawe 
esekser esbi isnny isbwi6 rsvser onbwesni bs eesbw ned eunisii nebsaiwi nnsub ewe 
eesduabi. Aiis6 oney asoeneswi eewiweb n dwdsanbwd enrw se biwse ewnisbwi6 eiwew 
seduibey jsueenisibi ane fed onbwesni iskw isri dwfesbsse esabuewi ned invw n 
aineewi bs asebnab dsewabiy biw asoeneye
Tiwiw jsueenisibi new biwe nniw bs eesbw nebsaiwi nniwd se biw seaseonbsse binb biw 
asoeney rsvwi biwoe
Aesbiwe eny osdwi ksb asoeney invw bs onekwb ewe eesduabi si biw uiw sa 
nafisnbsse eesrenoi ned asiinnsenbssei esbi sefuweawei. Tiwiw eesrenoi vney aeso 
asoeney bs asoeney6 nub rweweniiy invw bs ds esbi eunisaszser n asoeney eesduab 
uiser ownei iskw n eesvnbw isbw se n 6suTunw aineewi. Aesbiwe biser biwiw eesrenoi 
invw se asoose si biw seesebuesby ase biw enebsasenebi bs wnee n eweawebnrw sa biw 
eueainiw dsew ny biwse asiisewei esbisub ney nddsbsseni asibi ase biw nuywe. Ae 
winoeiw si biw Asefi nafisnbw eesreno mn[36 eisai esii wnee n asoosiisse nwbewwe n 
ned �� se biw eueainiw nniwd se eiwbiwe n auibsowe si ewaueeser se ewe. Ie isow 
aniwi6 biw asoeneswi esii iwed se ndvneaw ewe eesduabi bs nafisnbwd sefuweawei6 se 
sedwe bs osew dsewabiy eunisaszw sb. Tisi uiuniiy ineewei esbi 6suTunw sefuweawei6 
iseaw biwy ane rsvw seaseonbsse ned awwdnnak se biw eesduab se n osew dinedi-se” 
eny6 iseaw biwy esii uiuniiy niiwoniw ned esek esbi biw osdwi se vsdwse
Aesbiwe eny biw onekwbser dweneboweb ane dsewabiy asebnab biw auibsowei si 
biesuri n isnny aiun. Tiwiw aiun uiuniiy new ne wiaiuisvw iyibwo binb niisei 
sebwewibwd auibsowei bs invw n awe nwewfbi. 	iser biw asoeney Asefi ni ne 
winoeiw nrnse6 biw Asefi Ciun mn�3 ane nw jssewd ny neysew6 eesvsdwd biw enyoweb 
sa n aww ned ane nw ewewewd neeuniiy. �sseser esii runenebww bs ewawsvw wiaiuisvw 
osdwii sew sa eisai si rsvwe uese isreser6 '�� dsiasueb se nii eueainiwi ned 
onrnzsewi6 se nddsbsse bs sbiwe nwewfbi.
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Tiw onekwbser dweneboweb ini biw nedusui jsn sa aewnbser sebwewib se ewe 
eesduabi se biw auibsoweie
Hnvser biw bnik sa eunisaszser n ewe eesduab6 bisi dweneboweb si biw sewi binb ini 
biw osib asebnabi subisdw biw asoeney se sedwe bs ewnai esbi biw osib esbwebsni 
auibsowei. Ib niis ini biw jsn sa dwvwiseser n onekwbser inerunrw bnsisewd bs biw IP 
ned bs biw eesduab sbiwia. 
Wsekser bsrwbiwe esbi biw iniwi ned dwisre dwenebowebi6 biw onekwbser sew ane 
asoouesanbw bs biw auibsowei dwbnsii se ewrned sa ewe eesduabi bs nw inueaiwi6 
nub seiy se biw qunebsby ned esbi biw bsoser niisewd ny biw asoeney. Rwrnedser 
ewe eesduabi6 biw onekwbser bwno jsn si bs aewnbw ned nusid sebwewib se biw 
auibsowe ny rsvser seiy ionii nsbi sa seaseonbsse. Ae winoeiw si biw dRuose 
Eersew” iyibwo dwvwisewd ny Gnowi Wsekiise. Tisi iyibwo ewiwniwi n ewe nebsaiw 
se biw Wneinoowe Csoouesby isbw ewiwniser n iseriw esabuew6 se ninak ned eisbw6 
sa n dwbnsi sa n ewe osdwi. Tisi aewnbwi auessisby se biw asoouesby sa webiuisnibi6 
eis bey ned ruwii einb biw ewe osdwi asuid nwe
Ie rweweni6 biw onekwbser dweneboweb esii niis esek se biw asoeney seisew ibsew 
ned isbw. Ie biw ibsew6 biwy esii onseiy esek se biw vnessui reneisai sa biw aeseb 
enrw. Fse winoeiw6 nii biw sonrwi ned eisbsi uiwd se biw eesduabi enrw ned se biw 
isowenrw new iwiwabwd ny biw onekwbser bwnoi ned biw dwisre bwno. Ia n osdwi 
ini n enebsauineiy seesvnbsvw owainesa se sebwewibser dwbnsii6 biw jsn sa biw 
onekwbser dweneboweb si bs asaui se bisiw kwy wiwowebie
Aesbiwe niewab binb biw onekwbser dweneboweb ini biw duby bs asoouesanbw bs 
biw eunisa new inueai dnbwi ase ewe eesduabi. Tiwiw dnbwi new uiuniiy iwb nniwd se 
biw ibnbw sa eesduabsse sa n osdwi ned biw nebsasenbwd ewessd se eisai biw 
asoeney esii invw eesduawd wesuri aseswi bs iwed bs feib ned bised eneby ibsewi6 
nsbi eiyisani ned seisewe
Aiis6 biw onekwbser bwno ini bs eunisaszw vnessui wvwebi serneszwd ny biw 
asoeney. Wiwbiwe biw wvwebi new isekwd n asiinnsenbsse esbi sbiwe IPi se new 
awiwnenbsey sa ne neesvweiney sb si esb soesebneb. Tiw onse snjwabsvw si bs iwie biw 
asoouesby sa webiuisnibi kese nnsub biw wvwebi ned enebsasenbsere
Aiis6 biw onekwbser dweneboweb eseki se serneszser insd wvwebi6 wiewasniiy eiwe sb 
asowi bs rwb se asebnab esbi fruewi subisdw biw asoeney eisai asuid neser osew 
enebsasenebi. Fse winoeiw6 ne wvweb awebewd nesued niiwoniser osdwi ksbi ony wed 
ue esbi biw asoeney sevsbser sefuweawei bs enebsasenbwe
Fseniiy6 biw onekwbser bwno esii iuewevsiw biw asoeney enebsasenbsse bs wibweeniiy-
serneszwd wvwebi6 iskw asevwebssei. Ie biwiw wvwebi6 biw asoeney ony serneszw n 
ibned bs iwii sbi eesduabi6 nub niis serneszw nabsvsbswi binb ony sebesduaw ewe 
ewseiw bs biw isnny.
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Tiw onekwbser dweneboweb uiwi vnessui asoouesanbsse aineewii bs ieewnd 
seaseonbsse bs biw esbwebsni auibsowei. Ssow sa biwiw aineewii new eneb sa biw 
asoeney niiwbi6 eisiw sbiwei new wsbiwe dbised-eneby” se wibweeni ned asebnabwd ny 
biw asoeney se vnessui saanisseie
Gweweniiy6 biw onekwbser dweneboweb esii esek se biw vnessui nebsaiwi binb new 
eunisiiwd se biw onse asoeney isbw nvnsinniw bs biw eunisa. Tiwiw nebsaiwi new 
uiuniiy uiwd bs asoouesanbw nnsub ewe eesduabi6 ainerwi se eenabsawi ned eesawi 
ned wvwe nnsub ewe eiyisani ibsewi binb biw asoeney esii sewe. Ssosineiy bs biw 
seisew ibsew6 biwiw nebsaiwi new uiwd bs aewnbw sebwewib se ewe eesduabi ned seaseo 
biw auibsowei se biw dwbnsi biw asoeney sebwedi bs iinew. Fse winoeiw6 eiwe n 
asoeney ibnebi n ewe sesbsnbsvw6 sa ney ksed6 ne neesisbw nebsaiw esii nw eesbbwe ned 
eunisiiwd se sedwe bs seaseo biw eunisa. Tisi ksed sa nebsaiw6 bisuri6 dseAb nienyi 
asebnse nii biw dwbnsii bs enseb n auii esabuew ned6 seibwnd6 new uiwd bs iiseiy fii nii 
biw rnei. Tisi eny6 biw uiwei new osew sevwibwd se asiiseser biw ewei aeso biw 
asoeney. 
Wiwe sb asowi bs ndvwebsiser6 rweweniiy osdwi onkser asoeneswi ds esb uiw 
onseibewno aineewii iskw bwiwvsisse ndvwebsiwowebi6 nub eewawe bs saauey ienawi 
eiwew biwew si niewndy ne sebwewib bsenedi biw isnny. Tisi ownei binb biwy eewawe 
esekser esbi isnny isbwi6 rsvser onbwesni bs eesbw ned eunisii nebsaiwi nnsub ewe 
eesduabi. Aiis6 oney asoeneswi eewiweb n dwdsanbwd enrw se biwse ewnisbwi6 eiwew 
seduibey jsueenisibi ane fed onbwesni iskw isri dwfesbsse esabuewi ned invw n 
aineewi bs asebnab dsewabiy biw asoeneye
Tiwiw jsueenisibi new biwe nniw bs eesbw nebsaiwi nniwd se biw seaseonbsse binb biw 
asoeney rsvwi biwoe
Aesbiwe eny osdwi ksb asoeney invw bs onekwb ewe eesduabi si biw uiw sa 
nafisnbsse eesrenoi ned asiinnsenbssei esbi sefuweawei. Tiwiw eesrenoi vney aeso 
asoeney bs asoeney6 nub rweweniiy invw bs ds esbi eunisaszser n asoeney eesduab 
uiser ownei iskw n eesvnbw isbw se n 6suTunw aineewi. Aesbiwe biser biwiw eesrenoi 
invw se asoose si biw seesebuesby ase biw enebsasenebi bs wnee n eweawebnrw sa biw 
eueainiw dsew ny biwse asiisewei esbisub ney nddsbsseni asibi ase biw nuywe. Ae 
winoeiw si biw Asefi nafisnbw eesreno mn[36 eisai esii wnee n asoosiisse nwbewwe n 
ned �� se biw eueainiw nniwd se eiwbiwe n auibsowe si ewaueeser se ewe. Ie isow 
aniwi6 biw asoeneswi esii iwed se ndvneaw ewe eesduabi bs nafisnbwd sefuweawei6 se 
sedwe bs osew dsewabiy eunisaszw sb. Tisi uiuniiy ineewei esbi 6suTunw sefuweawei6 
iseaw biwy ane rsvw seaseonbsse ned awwdnnak se biw eesduab se n osew dinedi-se” 
eny6 iseaw biwy esii uiuniiy niiwoniw ned esek esbi biw osdwi se vsdwse
Aesbiwe eny biw onekwbser dweneboweb ane dsewabiy asebnab biw auibsowei si 
biesuri n isnny aiun. Tiwiw aiun uiuniiy new ne wiaiuisvw iyibwo binb niisei 
sebwewibwd auibsowei bs invw n awe nwewfbi. 	iser biw asoeney Asefi ni ne 
winoeiw nrnse6 biw Asefi Ciun mn�3 ane nw jssewd ny neysew6 eesvsdwd biw enyoweb 
sa n aww ned ane nw ewewewd neeuniiy. �sseser esii runenebww bs ewawsvw wiaiuisvw 
osdwii sew sa eisai si rsvwe uese isreser6 '�� dsiasueb se nii eueainiwi ned 
onrnzsewi6 se nddsbsse bs sbiwe nwewfbi.
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rk Anaoylwngditkdlkiiwodnki wordwidappkaokeditai,dlwmwoaooydiwditkdikitnwowgwkldaneditkd

maikowaoldulkedwnditkdmwekodrwidwneulioy,dwldvkoydewffiuoidiwdwnnwvaik.

Ttkdanaoylkednki wordltw lditaidkaitdiwmpanydtaldwildw ndpokfkookedluppowkol,d
wnekpkneknioydwfd tkitkoditkydluppoydmaikowaoldwodmwuoel.dTtwldaookaeydmarkld
ewffiuoiditkdwnioweuiiwwndwfdwnnwvaiwwnldwnditkdnki wor.d wmpanwklditaidtavkd
 workediwgkitkodfwodadowngdiwmkdtavkdlwmkdokvkodwfdioulidwndkaitdwitko,d twitdwld
wfikndnwiwika okdwnditkwodioaekdagokkmknil.dToywngdiwdwnlkoidlwmkitwngdkxikonaod
fowmditkdiwmpanwkldwnditkdnki wordmayd kdmkid witdewlioulidanedtavkdandtaoed
iwmkdfnedadmaorkidnwitkd tkokdwidiandpwlwiwwndwilkofh
If,dwnlikae,ditkdwnnwvaiwwnd kokdiwdiwmkdfowmdadiwmpany,dwidiwuoed kdpwllw okdiwdfned
wildpoaikdwnditkdnki wordmwokdkalwoy,ditanrldiwditkdokpuiaiwwndwfditkdiwmpany.

Gknkoaooy,ditkn,ditkdlkiiwodnki wordwldiowlkedwndwilkofdanedwidwldewffiuoidiwdwpkndiwd
kxikonaodpownkiil.dTtkdwppwoiunwiwkldiwdwpkndwidaokdmwlidowrkoydownrkediwdokiyiowng,d
 uiditkdnwitkdnaiuokdwfditkdlkiiwodaneditkdvaowkiydwfdmaikowaoldowmwiditkdwpiwwnl.
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Ttkdavawoa wowiydwfdkaitdpoweuiiwwndpowiklldvaowkldknwomwuloyh
Aldlkkndwnditkdanaoylwldwfditkdpowikllkl,dwnnkiiwwndmwuoewngdanedvaiuumdfwomwngd
aokdnwidpaoiwiuoaooydkalydfwodpowvaikdw nkoldiwdulk,d twokdoklwndialiwngdaned3Dd
powniwngdaokdmuitdmwokd witwndokaitdwfdaomwlidanywnk,dklpkiwaooyd tknd3Ddpownikold
 kiwmkdmwokdanedmwokditkap.

Andwppwoiunwiydiwdmarkdmwekodrwildaneditkwodpoweuiiwwndmwokdavawoa okdiwdpowvaikd
w nkold wuoed kditkdewliow uiwwndwfditkdSTãdaned ADdfokldulked yditkdiwmpanydfwod
itkdpoweuiiwwndwfditkdmwuoel.dTtklkdfokld wuoednkkediwd kdpowikiikedfowmdwookgaod
ewliow uiwwn,d uiditwldwldadpoaiiwikdaookaeydaewpiked ydlwmkd3Ddpowniwngdmwekodrwid
iwmpanwkl.dTtklkdiwmpanwkldgwvkditkdiuliwmkoldvaowwuldwpiwwnldwfdpoweuiil,dwnkd
wfd twitdaokditkdewgwiaodfokldokaeydiwd kdlowikedanedpownike.dTtkdfokldaokdnwidwpkndiwd
mwewfiaiwwnld yditkdiuliwmko,dlwnikditkydaokdaookaeydSTãdanednwiditkdwowgwnaodiypkd
ulkedfwod3Ddmwekoowng.
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Wwitdkaitdanaoylkedikitnwowgyd kwngdmwokdwnewiaikediw aoeldkwitkodandwneuliowaod
poweuiiwwndvwoumkdwodadow dpoweuiiwwndvwoumk,dadpallagkdwfdiypkdwfdpoweuiiwwnd
iwuoed kdandwnikokliwngdwppwoiunwiydfwodlwmkdiwmpanwklh
Ttwl,dtw kvko,dewkldtavkdadfk dwlluklditaidmarkditangkldwndiypkdwfdpoweuiiwwndvkoyd
owlry.

Ttkdfolidanedmanwodwllukdaokditkdowmwildwfdpoweuiiwwnditaidkaitdikitnwowgyd
poklknil.dJklwndialiwngdaned3Ddpowniwngd witdokquwokdowngdpoweuiiwwndiwmkl,d
marwngdlwditai,dwfdadiwmpanyd ald woowngdiwdwniokalkditkdpoweuiiwwndvwoumk,dwid
 wuoed kdnkikllaoydiwdkwitkodwniokalkditkdmaitwnkldaidwildewlpwlwiwwn,dwodwnvklidwnd
anwitkodiypkdwfdikitnwowgy.dInditklkdlwiuaiwwnl,d tknditkdekmanedwfdadiwmpanyd
poweuiildwniokalkl,ditkdiwmpanyd woodtavkdiwdfnedlwouiwwnldwndwoekodiwdlaiwlfydwild
iuliwmkol,d twitdiand kdvkoydewffiuoid witwuid uywngdnk dmaitwnkldwodaewpiwngdad
nk dikitnwowgyh
Hw kvko,daldliaikedeuowngditkdanaoylwldwfditkdvaowwuldpoweuiiwwndpowikllkl,d witd
wnnkiiwwndmwuoewngdanedvaiuumdfwomwngdokquwokdtwgtdwnvklimknil,d witdfwoditkd
maitwnkoydaneditkdmwuoeldnkikllaoydfwodpoweuiiwwn.

Ttkokdwl,ditwugt,danwitkodpwikniwaodw liaiokdiwdaditangkdwfdpoweuiiwwndvwoumk,dnwid
ownrkediwdmaitwnkldwodikitnwowgwkl:ditkdokaiiwwndwfditkdiuliwmkolh
Aditangkdwndpoweuiiwwndpowikllduluaooyd wuoedmkandaditangkdwndmaikowaod ui,d
mwokditanditai,dwidiwuoedmkanditangkldwndtw ditkdtw  ywlild woodtavkdiwd word witd
itkdnk dpoweuiil.dTtwldiand kdvkoydowlry,dklpkiwaooydwfditkdmwekodmarwngdiwmpanyd
 ald worwngdwndadnwitkdaokad(k.g.dowokpoaywngdgamkldmwnwaiuokl).dãwngdikomd
iuliwmkoldmaydtavkdqukliwwnlditaiditkdiwmpanyd woodtavkdiwdanl kodiwdwndadiokaod
anedpokiwlkdmannko,dwndwoekodiwdewlpkodaoodewu il.d(anydiuliwmkold woodfkaodadpowikd
twrkdfwoow ked ydow kodquaowiydpoweuiild(lwnikdwfikndmalldpoweuiiwwndanedow d
quaowiydtavkdiwmkdtanedwndtane)h
Swditangwngdpoweuiiwwndiypkdanedwniokalwngdpoweuiiwwndvwoumkdmaydiokaikd
gknkoaodewlioulidanedowlrdwfdowlwngdiuliwmkoldwnditkdltwoidikom.
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Swmwoaooydiwditkdmaikowaol,ditkdikitnwowgydulkedwnditkdmwekodrwidwneulioydtald kknd
ekvkowpkedanedaewpikedfwodadowngdiwmkdane,dpaoiwiuoaooydwnditkdialkdwfdwnnkiiwwnd
mwuoewngdanedvaiuumdfwomwng,dtaldokaitkeditkdpwwnid tkokdwidwlditkd klidlwouiwwnd
 tkndwidiwmkldiwdwneuliowaodpoweuiiwwn.

Eaitdikitnwowgydfooldadikoiawndnwitk,d witdwnnkiiwwndmwuoewngdanedvaiuumdfwomwngd
guaoanikkwngdtwgtdquaowiydpoweuiildwndandwneuliowaodliaok,d twokdoklwndialiwngdaned
3Ddpowniwngdgwvkdkxikooknidquaowiydwndadmuitdow kodpoweuiiwwndvwoumkh
Ttwldlwiuaiwwndmarkldwidewffiuoidiwdwnioweuikdandwnnwvaiwvkdikitnwowgy,dmuitdmwokd
itandioywngdiwdfnedadnk dmaikowao.dInditaidialkditkdokquwokmknildwfditkdmaikowaodaokd
iokaodanedmkaluoa ok,dlwnikditkydaokd alkedwndkxwliwngdikitnwowgy.

Wtkndioywngdiwdekvkowpdadnk dwnnwvaiwvkdikitnwowgyditkokdaokdnwdpaoamkikol,d
wuilwekdmay kd twitdmaikowaoldiwdulk.dTtkdwllukdwlditaiditkdkxwliwngdmaikowaoldaokd
aookaeydulkedwndikitnwowgwklditaidiandkmpowyditkmdpkofkiioy.dInnkiiwwndmwuoewngd
anedvaiuumdfwomwngd word witdanyditkomwpoaliwidoklwn,d twitdmarklditkmd
wntkoknioyd�kxw okdwndikomldwfdmaikowaol.dJklwndialiwngdiandaolwdkmpowydadvalidaooayd
wfdoklwnl,d twokd3Ddpowniwngdwldliwood kwngdekvkowpkedmwokdanedmwok,d uidwndgknkoaod
 world witdptwiwpwoymkol,d twitdagawndmarkditkdikitnwowgyd�kxw okd tkndwid
iwmkldiwdmaikowaol.

Ouilwekdwfditklkdwllukl,dadtwgtdtuoeokdfwodekvkowpwngdandwnnwvaiwvkdikitnwowgydaokd
itkdekvkowpmknidiwmkldanedwnvklimknildnkkekediwd owngdwidiwditkdokvkodwfdkxwliwngd
maitwnkl.dWtwokdadmaikowaodiand kdiklikedwndaookaeydaewpikedikitnwowgy,dlwnikdwid
 wood kdulked yditwlkdmaitwnkl,dadnk dikitnwowgyd wuoedokquwokdadowngd
kxpkowmkniaodptalk.

Aldadfnaodpwwni,dnk ,dekvkowpwngdikitnwowgyduluaooydiwooklpwneldiwdtwgtd
wnvklimknildfwodokluoilditaidmaydnwidykid kdaiditkdokvkodwfditkdlianeaoedlkid yditkd
wneulioyh
Aoodwndaoo,dekvkowpwngdadnk dikitnwowgydwldadvkoydowlrydaneditaookngwngdappowait.
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Ttkdmwekodrwidwneulioydtaldadvaowkiydwfdewffkoknidmaikowaol,dkaitdwnkdnkkewngd
lpkiwfidiwwoldiwd kd worked with
Ttul,dmanydmwekod uwoekoldaokdulkediwd word witdvaowwuldmaikowaoldanedpwllkllditkd
nkikllaoydiwwoldanedgouklh
Ttwldmarkldlwditaidwnioweuiwngdadnk dmaikowaodwnditkdwneulioydmayd kdpwllw ok,d uid
wid wuoedtavkdadfk ditaookngkldiwdwvkoiwmk.

Fwolidwfdaoo,ditkdmaikowaod wuoednkkediwd kdiwmpaiw okd witditkdpoweuiiwwndpowiklld
iwmmwnoydulked yditkdiwmpanwkl.dWtkitkodwidiand kdfwomkedulwngdwnnkiiwwnd
mwuoewngdwodvaiuumdfwomwngdwfdwidtaldpoaliwi-owrkdpowpkoiwkl,dwodwldmwokdarwndiwdad
oklwn,ditaidnkkeldiwd kdiuoke,ditwldmaikowaod wood kda okdiwdiwnfwomdiwdaidokalidwnkdwfd
itkdpowikllkldekliow kedpokvwwuloyh
Indaeewiwwndiwditwl,dwid wuoed kdwpiwmaodwfdwid kokdiwmpaiw okdaolwd witditkduluaod
iwwoldavawoa okdiwditkdmwekod uwoekol.dTtwld wuoedmkanditaidwidiand kdiuid witdad
tw  ydrnwfk,diand kdgoukedkwitkod witdadiyanwaioyoaikdgoukdwod witdadlwovknidgouk,d
fwodkxampok.dOnditwldiwpwi,ditkdmaikowaodltwuoedaolwd kditwowugtoydiklikedwndwoekodiwd
alikoiawnditaidnwdeangkowuldokaiiwwnldmaydtappknd tkndwndiwniaiid witdiwmmwnd
tw  ydgoukldaned witditkdpawnildulked ydtw  ywlil.

Ifditwldnk dmaikowaodiandnwidlaiwlfyditklkdokquwokmknil,dwid wuoedaidokalid kdkalydiwd
aeapidiw.dTtwldmkanlditaiditkdwnvklimknildfwoditkdiwmpanwkldltwuoednwid kdiwwd
twgt,d twokditkdiwwoldnkkeked yditkdmwekod uwoekoldiwd word witdwidltwuoed kdkalyd
iwdaiquwokh
Fwnaooy,ditkdaewpiwwndwfdadnk dmaikowaodltwuoednwidiwmkd witdandunfwoklkknd
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Before identifying the solutions, there was the defnition of objectives that said 
solutions should strive to reach and satisfy.

The frst objective is the reduction of waste during production. This objective is 
particularly hard to achieve, considering the development of the technologies that 
the companies use. However, there are various ways to reach it. For example, 
offering a product that does not produce waste during its production phase, while 
slightly reducing the production volume of items made using traditional 
technologies. These items would still be produced, since they would still be the 
products with more demand, but incentivi�ing the customers towards innovative 
products may help in this regard.

Another objective focused on the production waste would be the introduction of 
innovative solutions of recovering and reusing said waste. This objective is much 
more feasible to reach than the frst one, considering that all model kit companies 
have some sort of production waste. That said, the majority of companies may be 
more interested in reusing the waste in the production process, but there could be 
solutions that incentivi�e the upcycling of the waste material in other sectors.

Another objective is the development of a network based on the recover and reuse 
of waste, both from the company and the customers. Developing a network my 
mean that the waste does not go back as an input in the model kit industry, but 
becomes one in a different sector.

Finally, the main objective of each solution should be the development of new ways 
to educate the userbase on the waste, the correct way to dispose it and of any 
initiative that may help them in reusing it in an ecoÁfriendly way.
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The frst solution that can be developed has already been hinted at previously. The 
sales of STL and ØAD flesÝ
This solution immediately has a few needs that will have to fulfl external to the 
objectives listed previouslyÝ
First of all, the digital model will have to be as detailed as possible, in order to 
provide to the customers model kits of similar Ïuality of the ones produced 
traditionally. Another need to be fulflled is the compatibility of said digital model 
with a 3D printer. This means that each model will have to be modifed in order to 
guarantee key points common to all the digital models sold, like a fat surface as a 
wide contact point with the print bedÝ
Finally, the fles will have to be protected from piracy, either using a license or other 
similar warranties.

When compared to the objectives that the solutions need to reach, STL sales would 
not be the best option. While it could help in the reduction of production waste, 
especially if a company manages to avoid increasing production too much after an 
increase in demand, it does not touch reuse of waste in any form, and it would not 
be particularly effective in educating the userbase on waste.

Other than this issue, though, STL sales would need an intensive research and 
planning by the company in order to make this option workÝ
First of all, the market of STL sales is still very niche, much more than the model kit 
market. This means that companies that focused on producing physical models will 
have to enter a market completely outside their skill set and would reÏuire help 
from experts, especially when it comes to protection from piracy. Also, this would 
mean that any company that is interested in entering the STL sales market would 
need to do an inÁdepth analysis of the market, from supply and demand to usually 
proposed prices, to benchmarks of 3D printed model, in order to defne which 
technology would be better for those productsÝ
This, though, is an excellent opportunity for model kit companies to enter more in 
contact with the userbase and obtaining new customers. With 3D printing being a 
relatively accessible technology, many hobbyists have taken interest in tinkering 
with it to enhance their experience with the hobby, with some of them becoming 
enthusiasts and expertsÝ
From this contact with the userbase, a company may start developing events to 
promote the STLs and organi�e affliation programs to incentivise the sales. Also, 
companies that already have hobby clubs can use those platforms to advertise 
these new products, while offering exclusive fles to customers subscribed to the 
clubÝ
In addition to that, companies that already have an online store will have to expand 
it in order to give STL fles their own category, while companies that up then only 
used retailers to sell their products may use this opportunity to develop an online 
store.

All in all, this solution is more targeted towards a diversifcation of the sales of 
model kit companies and less towards making them more ecoÁfriendly.
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revenue would be more linred to the 
communication of such changes with the 
communities. Also, the new materials and 
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improving the ecological print of the company
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Selling 3d fles to the communities would 
deepen the connection between company and 
customers. Also, this solution has lower 
investments, but with revenues linred mainly to 
the interest of the communities
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Before identifying the solutions, there was the defnition of objectives that said 
solutions should strive to reach and satisfy.

The frst objective is the reduction of waste during production. This objective is 
particularly hard to achieve, considering the development of the technologies that 
the companies use. However, there are various ways to reach it. For example, 
offering a product that does not produce waste during its production phase, while 
slightly reducing the production volume of items made using traditional 
technologies. These items would still be produced, since they would still be the 
products with more demand, but incentivi�ing the customers towards innovative 
products may help in this regard.

Another objective focused on the production waste would be the introduction of 
innovative solutions of recovering and reusing said waste. This objective is much 
more feasible to reach than the frst one, considering that all model kit companies 
have some sort of production waste. That said, the majority of companies may be 
more interested in reusing the waste in the production process, but there could be 
solutions that incentivi�e the upcycling of the waste material in other sectors.

Another objective is the development of a network based on the recover and reuse 
of waste, both from the company and the customers. Developing a network my 
mean that the waste does not go back as an input in the model kit industry, but 
becomes one in a different sector.

Finally, the main objective of each solution should be the development of new ways 
to educate the userbase on the waste, the correct way to dispose it and of any 
initiative that may help them in reusing it in an ecoÁfriendly way.
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The frst solution that can be developed has already been hinted at previously. The 
sales of STL and ØAD flesÝ
This solution immediately has a few needs that will have to fulfl external to the 
objectives listed previouslyÝ
First of all, the digital model will have to be as detailed as possible, in order to 
provide to the customers model kits of similar Ïuality of the ones produced 
traditionally. Another need to be fulflled is the compatibility of said digital model 
with a 3D printer. This means that each model will have to be modifed in order to 
guarantee key points common to all the digital models sold, like a fat surface as a 
wide contact point with the print bedÝ
Finally, the fles will have to be protected from piracy, either using a license or other 
similar warranties.

When compared to the objectives that the solutions need to reach, STL sales would 
not be the best option. While it could help in the reduction of production waste, 
especially if a company manages to avoid increasing production too much after an 
increase in demand, it does not touch reuse of waste in any form, and it would not 
be particularly effective in educating the userbase on waste.

Other than this issue, though, STL sales would need an intensive research and 
planning by the company in order to make this option workÝ
First of all, the market of STL sales is still very niche, much more than the model kit 
market. This means that companies that focused on producing physical models will 
have to enter a market completely outside their skill set and would reÏuire help 
from experts, especially when it comes to protection from piracy. Also, this would 
mean that any company that is interested in entering the STL sales market would 
need to do an inÁdepth analysis of the market, from supply and demand to usually 
proposed prices, to benchmarks of 3D printed model, in order to defne which 
technology would be better for those productsÝ
This, though, is an excellent opportunity for model kit companies to enter more in 
contact with the userbase and obtaining new customers. With 3D printing being a 
relatively accessible technology, many hobbyists have taken interest in tinkering 
with it to enhance their experience with the hobby, with some of them becoming 
enthusiasts and expertsÝ
From this contact with the userbase, a company may start developing events to 
promote the STLs and organi�e affliation programs to incentivise the sales. Also, 
companies that already have hobby clubs can use those platforms to advertise 
these new products, while offering exclusive fles to customers subscribed to the 
clubÝ
In addition to that, companies that already have an online store will have to expand 
it in order to give STL fles their own category, while companies that up then only 
used retailers to sell their products may use this opportunity to develop an online 
store.

All in all, this solution is more targeted towards a diversifcation of the sales of 
model kit companies and less towards making them more ecoÁfriendly.
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hu sinee teeahneceki eianus rbecane rbiaoe heh eae teeianus rb,ectcaoiaoei efhre tee
be  er.eBbe rbiaoe hefaneia eres iaoeshcu ihasekee iaoece ccs ictcikeeac ericcecse tee
fhcusehfe teeresecrct,ei ewhucnebee hssibcee hebriaoebeaef e heahree tcaehaee
cha cabecane heee cane teeae whrk.eAsei ewiccebeecaccbseneahreeiaene  t,e tereeise
ce ccs iceac ericceacneefrhaeciaes haee tc echucnetec e teeae whrke hene eanecesse
haehictbcsene ccs ics.

Ttc escin,e teeinea ifeneshcu iha,ewte terei ewiccebeeus eceac ericcehreccsheceaewe
 ectahchob,ewicceaeene he hssessecefewekebe hia s¼
Inecccb,eei tere ectahchobehreac ericcewhucneaeene hebeehu ehfe teeee eriaea cce
 tcseecanetcveeccrecnbecaecc uccec  cicc iha,ees ecicccbeiaesec hrecha crcbcee he
 teeahneceki eianus rb.eÆticeei enheseah eaecae tc e teeshcu ihaeaeense hebee
iaaenic ecbeiaser cbceeiae teeianus rb,ei enheseaeene hebeeecsbe hecnnewi thu ece
 rhchaoene es e erihn.eIae teeccseehfe teeac ericc,e thuot,ei ewhucnebeebe  ereifei eise
ccrecnbeuseneiaecaeauaberehfec  cicc ihas,e refercbcbeiaeahree tcaehaeesec hr.eTtise
feeibici bewhucnetec e teeee er seiae teeahneceki eianus rbe henevech e teebes ewcbe
 heuseei ¼
Acceiaeccc,e tea,eei tere ectahchoiesecaneac ericcseaeene hebeenevech eneeahuote he
ccchwecaeecsbe rcasi ihaefrhae teehaeseccrecnbeiaeuse.

Aaeia hr ca es e efhrecabecha cabe tc es cr secnh  iaoeceaeweac ericcehreceaewe
 ectahchobeisececcecrechaauaicc ihaewi te teechaauai iesehfeea tusics se tc ebube
canebuicne teire rhnuc secbhu e teectcaoesecnh  en¼
Ttiseisecruciccefhrevcrihuserecshas.eTteefrs ehaeeisebeccuseectcaoeseiaeac ericcewicce
requireeccecreiafhrac ihaereocrniaoe tee hhcseahracccbeusen.eTtiseiseia hr ca eeveae
ife teeaeweac ericcenheseah erequireeaewe hhcs¹e teecus haersenheah ekahweccce tee
qucci iesehfescineac ericc,eshe teeee er se tc ebrhuot ei eiae teeianus rbewicceaeene he
cccrifbecabenhub .eIf,eias ecn,e teecnh  eneac ericceiseah echa c ibceewi te tee
 rcni ihacce hhcsecaneocues,e teecha cabewiccetcvee heiafhraeccecrcbe teeahnece
ackersecane rhvineeshaee b eehfecnvice¼
Accehfe teseechaauaicc ihasewiccetcvee hebeenhaeeusiaoe teeacrke iaoene cr aea ,e
wtictechucneea chbevcrihuseae thns,esuctecseevea secaneias cccc ihasewteree tee
cus haerseccae rbefrs ttcane teeaeweac ericc,ecanenioi ccechaauaicc iha. R
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Userewcs eeisecaeeahrahuse h ea icceshurceehferecbcccbceeac ericce tc eacabe
cha caiesechucnerechverecaneia u ebcckeiae tee rhnuc ihae rhcess.eTtiseisecae
c  rhccte tc eises cr iaoe heschwcbe ckee ccce,ewi tehacbeBA	DAIeS�I-ITSe
 cr ici c iao,e tcakse he teeccuacteiae606ehfe tee�3ua cce-ecbcciaoe�rhec ó¼
Tteehbec iveehfe tiseshcu ihaeiseah ehacbe herechvereusecessewcs eefrhae teeahnece
ackersecanerecbcceei ebcckeiae tee rhnuc ihae rhcess,ebu eccshechaaec e tee
chaauai bewi te teecha cab,ecrec iaoecesubs ca iccectcaoeeiae teeianus rb,e
ackiaoe teecus haersebechaeecesu  cierehfeshr s¼
Ttiseshcu iha,eccsh,etec sececha cabe hechaaec ewi te tee erri hriesewteree tebesecce
usiaoe tbsiccces hrese(frs ecane tirne cr behaess,ewticeecc iaoechccccbe heoc tere tee
userewcs e.

Aekebe hia ehfe tiseshcu ihaeise teecc ucce rhcessiaoehfe teeuserewcs e¼
Ttiseiai ic iveewhucneaciacbechccec e ccs iceruaaers,esiaceeresiaeccaeah ebeerecbccene
haceecuren,e tusecerecbcciaoe cca ewiccebeeaeenene he rhcesse teeac ericceiaecefhrae
 tc eccaebeefenebcckeiae tee rhcesses.eTtise cca eacbebeeee eracce he teeahneceki e
cha cabehreia eracc.eTtisene eansehaevcrihusefcc hrs,ecikee teecbici behfe teeahnece
ki echa cabe heiaves eiaecerecbcciaoe cca ,e teecc uccevhcuaeehfe ccs icechccec ene
cane teeniffereaceeiaechs sebe weeaecaeiatthuseerecbcciaoe cca ecanewhrkiaoewi te
caeee eraccecha cab.

Aah tereia hr ca e hia eisethwe hehrocai�eecaneiacea ivi�ee tee cr ici c ihaehfe
ahnecebuicnersewi te teeiai ic ive¼
Aerecc ivecbeecsbewcbe heoc tere teewcs eeiseusiaoeðubs.eTteseeccaebeechcchcc eneiae
thbbbes hresewtereececha cabeseccsei se rhnuc s.eIaeccseehfefrs t cr bes hres,e teree
whucnebeeaheissues,ewticeewi tere cicers,e tebewhucneaeene hebeeia eres eneiae
 cr ici c iao.eTteeuseehfetubsewhucneoivee teeusersecaeecsbe herecctewcbe henis hsee
hfe teirewcs e¼
Aah terewcbe hes ure tee cr ici c ihaeise teehrocai�c ihaehfeiacea ivesefhre teeusers.e
Tteseeccaevcrbewinecbefrhaecha cabe hecha cab,ebu e tebechucnebeeoeaercccbe
nevisene hehfferenischua secanerewcrns. 
Tteseeiacea ives,e thuot,ewicceaeene heebeenevech enenee cb,ees ecicccbeiaehrnere he
ackee teehffere ea  iaoefhre teeahnecebuicners.eAcsh,ecesbs eae hecvhineee chi c ihae
wiccetcvee hebeenevech en.

Fiacccb,echa caiese tc ehfferecffcic ihae rhorcasecanethbbbeccubseccaeusee thsee
 cc fhrase hebh teacrke e teeiai ic iveecaneoiveecnni ihacceiacea ivesefhre tee
subscribers.

Ttiseshcu ihaechucneccshebeeecsicbechaaec enewi te teecnh  ihaehfeceaeweac ericc,e
siacee teerecbccene ccs icechucnechua ecsesuct.eIaecnni ihae he tc ,e tiseshcu ihae
whucnetec eh eaiaoe teeae whrkeei tere hwcrnse ccs icerecbcciaoecha caiesehre tee
 rhnuc ihaehfeh terei ease tc eacbeusee teerechverene ccs iceiaeceahreeechtfrieancbe
wcbe tcaeus eia u  iaoei ebcckeiae tee rhnuc ihae rhcess.
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Adopting a ne  material or ne  technologies 
 ould heavily increase the investments,  hile the 
revenue  ould be more linred to the 
communication of such changes  ith the 
communities. Also, the ne  materials and 
technologies should be focused to ards 
improving the ecological print of the company

ADOPTION OF DIFFERENT 
MATERIAL/TECHNOLOGIES

6

Developing a net orr to recover model rit  aste (e.g. empty 
runners or boxest to recycle and input bacr in the production 
process may deepen the connection bet een companies 
and fnal users. This net orr  ill depend on the  illingness 
of the users to participate. The investments may vary based 
on the ability of the company to adopt an internal recycling 
plant
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Selling 3d fles to the communities  ould 
deepen the connection bet een company and 
customers. Also, this solution has lo er 
investments, but  ith revenues linred mainly to 
the interest of the communities

STL SALES
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Change in the industr
y
(Customers can create the demand an
d
then the offer of 3D fles and recyclable plastict

Benefts  or more 
than one compan
y
(Change in the industry and expansion 
of the sector net orrt

Connection with 
the communities

Connection with territorie
s
(The recovery depends on the areatLimex is a material made out of limestone and plastic,  hich 

can be either a substitute of plastic or of papaer. After 
transformming plastic  aste into pellets, it can be combined 
 ith limestone to become “limestone paper”
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Tteesechaneinea ifeneshcu ihaeise teecc uccecnh  ihaehfenifferea eac ericcsehre
 ectahchoies.eIai icccbe tiseshcu ihaewcseaciacbeciaene hwcrnseresiaeccs iaoecane3De
 ria iao,ees ecicccbewi te teefhreccs ehfeiacrecseseiaeneacan.eTterefhre,e teeaeense
ianivinuc ene tc e tiseshcu ihaetcne hefucfcewereefhcusenehaeoucrca eeiaoe teescaee
qucci behfe rhnuc secaneiacrecsiaoe rhnuc ihaevhcuaes. 
Schwcb,e thuot,e teefhcusestif ene hwcrnseu icisiaoeechtfrieancbeac ericcse(recbcccbcee
hrereuscbceehreu cbcccbcesecanesus ciacbceeiai icceiaves aea senuriaoe tee rcasi ihae
 tcse.eÆi te teecaccbsisehfe teeianus rbecea riaoeahreehae tee ccs icesineehfe tee
ahneceki eianus rb,e teeaeensectcaoen.

Mca ciaiaoe teefhcusehaeechtfrieancbeac ericcs,e tiseaeca eswi ctiaoe teeresecrcte
hu sinee teeahneceki eianus rbecane rbiaoe heh eae teeianus rb,ectcaoiaoei efhre tee
be  er.eBbe rbiaoe hefaneia eres iaoeshcu ihasekee iaoece ccs ictcikeeac ericcecse tee
fhcusehfe teeresecrct,ei ewhucnebee hssibcee hebriaoebeaef e heahree tcaehaee
cha cabecane heee cane teeae whrk.eAsei ewiccebeecaccbseneahreeiaene  t,e tereeise
ce ccs iceac ericceacneefrhaeciaes haee tc echucnetec e teeae whrke hene eanecesse
haehictbcsene ccs ics.

Ttc escin,e teeinea ifeneshcu iha,ewte terei ewiccebeeus eceac ericcehreccsheceaewe
 ectahchob,ewicceaeene he hssessecefewekebe hia s¼
Inecccb,eei tere ectahchobehreac ericcewhucneaeene hebeehu ehfe teeee eriaea cce
 tcseecanetcveeccrecnbecaecc uccec  cicc iha,ees ecicccbeiaesec hrecha crcbcee he
 teeahneceki eianus rb.eÆticeei enheseah eaecae tc e teeshcu ihaeaeense hebee
iaaenic ecbeiaser cbceeiae teeianus rb,ei enheseaeene hebeeecsbe hecnnewi thu ece
 rhchaoene es e erihn.eIae teeccseehfe teeac ericc,e thuot,ei ewhucnebeebe  ereifei eise
ccrecnbeuseneiaecaeauaberehfec  cicc ihas,e refercbcbeiaeahree tcaehaeesec hr.eTtise
feeibici bewhucnetec e teeee er seiae teeahneceki eianus rbe henevech e teebes ewcbe
 heuseei ¼
Acceiaeccc,e tea,eei tere ectahchoiesecaneac ericcseaeene hebeenevech eneeahuote he
ccchwecaeecsbe rcasi ihaefrhae teehaeseccrecnbeiaeuse.

Aaeia hr ca es e efhrecabecha cabe tc es cr secnh  iaoeceaeweac ericcehreceaewe
 ectahchobeisececcecrechaauaicc ihaewi te teechaauai iesehfeea tusics se tc ebube
canebuicne teire rhnuc secbhu e teectcaoesecnh  en¼
Ttiseisecruciccefhrevcrihuserecshas.eTteefrs ehaeeisebeccuseectcaoeseiaeac ericcewicce
requireeccecreiafhrac ihaereocrniaoe tee hhcseahracccbeusen.eTtiseiseia hr ca eeveae
ife teeaeweac ericcenheseah erequireeaewe hhcs¹e teecus haersenheah ekahweccce tee
qucci iesehfescineac ericc,eshe teeee er se tc ebrhuot ei eiae teeianus rbewicceaeene he
cccrifbecabenhub .eIf,eias ecn,e teecnh  eneac ericceiseah echa c ibceewi te tee
 rcni ihacce hhcsecaneocues,e teecha cabewiccetcvee heiafhraeccecrcbe teeahnece
ackersecane rhvineeshaee b eehfecnvice¼
Accehfe teseechaauaicc ihasewiccetcvee hebeenhaeeusiaoe teeacrke iaoene cr aea ,e
wtictechucneea chbevcrihuseae thns,esuctecseevea secaneias cccc ihasewteree tee
cus haerseccae rbefrs ttcane teeaeweac ericc,ecanenioi ccechaauaicc iha. R
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Userewcs eeisecaeeahrahuse h ea icceshurceehferecbcccbceeac ericce tc eacabe
cha caiesechucnerechverecaneia u ebcckeiae tee rhnuc ihae rhcess.eTtiseisecae
c  rhccte tc eises cr iaoe heschwcbe ckee ccce,ewi tehacbeBA	DAIeS�I-ITSe
 cr ici c iao,e tcakse he teeccuacteiae606ehfe tee�3ua cce-ecbcciaoe�rhec ó¼
Tteehbec iveehfe tiseshcu ihaeiseah ehacbe herechvereusecessewcs eefrhae teeahnece
ackersecanerecbcceei ebcckeiae tee rhnuc ihae rhcess,ebu eccshechaaec e tee
chaauai bewi te teecha cab,ecrec iaoecesubs ca iccectcaoeeiae teeianus rb,e
ackiaoe teecus haersebechaeecesu  cierehfeshr s¼
Ttiseshcu iha,eccsh,etec sececha cabe hechaaec ewi te tee erri hriesewteree tebesecce
usiaoe tbsiccces hrese(frs ecane tirne cr behaess,ewticeecc iaoechccccbe heoc tere tee
userewcs e.

Aekebe hia ehfe tiseshcu ihaeise teecc ucce rhcessiaoehfe teeuserewcs e¼
Ttiseiai ic iveewhucneaciacbechccec e ccs iceruaaers,esiaceeresiaeccaeah ebeerecbccene
haceecuren,e tusecerecbcciaoe cca ewiccebeeaeenene he rhcesse teeac ericceiaecefhrae
 tc eccaebeefenebcckeiae tee rhcesses.eTtise cca eacbebeeee eracce he teeahneceki e
cha cabehreia eracc.eTtisene eansehaevcrihusefcc hrs,ecikee teecbici behfe teeahnece
ki echa cabe heiaves eiaecerecbcciaoe cca ,e teecc uccevhcuaeehfe ccs icechccec ene
cane teeniffereaceeiaechs sebe weeaecaeiatthuseerecbcciaoe cca ecanewhrkiaoewi te
caeee eraccecha cab.

Aah tereia hr ca e hia eisethwe hehrocai�eecaneiacea ivi�ee tee cr ici c ihaehfe
ahnecebuicnersewi te teeiai ic ive¼
Aerecc ivecbeecsbewcbe heoc tere teewcs eeiseusiaoeðubs.eTteseeccaebeechcchcc eneiae
thbbbes hresewtereececha cabeseccsei se rhnuc s.eIaeccseehfefrs t cr bes hres,e teree
whucnebeeaheissues,ewticeewi tere cicers,e tebewhucneaeene hebeeia eres eneiae
 cr ici c iao.eTteeuseehfetubsewhucneoivee teeusersecaeecsbe herecctewcbe henis hsee
hfe teirewcs e¼
Aah terewcbe hes ure tee cr ici c ihaeise teehrocai�c ihaehfeiacea ivesefhre teeusers.e
Tteseeccaevcrbewinecbefrhaecha cabe hecha cab,ebu e tebechucnebeeoeaercccbe
nevisene hehfferenischua secanerewcrns. 
Tteseeiacea ives,e thuot,ewicceaeene heebeenevech enenee cb,ees ecicccbeiaehrnere he
ackee teehffere ea  iaoefhre teeahnecebuicners.eAcsh,ecesbs eae hecvhineee chi c ihae
wiccetcvee hebeenevech en.

Fiacccb,echa caiese tc ehfferecffcic ihae rhorcasecanethbbbeccubseccaeusee thsee
 cc fhrase hebh teacrke e teeiai ic iveecaneoiveecnni ihacceiacea ivesefhre tee
subscribers.

Ttiseshcu ihaechucneccshebeeecsicbechaaec enewi te teecnh  ihaehfeceaeweac ericc,e
siacee teerecbccene ccs icechucnechua ecsesuct.eIaecnni ihae he tc ,e tiseshcu ihae
whucnetec eh eaiaoe teeae whrkeei tere hwcrnse ccs icerecbcciaoecha caiesehre tee
 rhnuc ihaehfeh terei ease tc eacbeusee teerechverene ccs iceiaeceahreeechtfrieancbe
wcbe tcaeus eia u  iaoei ebcckeiae tee rhnuc ihae rhcess.
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Adopting a ne  material or ne  technologies 
 ould heavily increase the investments,  hile the 
revenue  ould be more linred to the 
communication of such changes  ith the 
communities. Also, the ne  materials and 
technologies should be focused to ards 
improving the ecological print of the company

ADOPTION OF DIFFERENT 
MATERIAL/TECHNOLOGIES

6

Developing a net orr to recover model rit  aste (e.g. empty 
runners or boxest to recycle and input bacr in the production 
process may deepen the connection bet een companies 
and fnal users. This net orr  ill depend on the  illingness 
of the users to participate. The investments may vary based 
on the ability of the company to adopt an internal recycling 
plant

RECOVERING OF USER WASTE2
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Selling 3d fles to the communities  ould 
deepen the connection bet een company and 
customers. Also, this solution has lo er 
investments, but  ith revenues linred mainly to 
the interest of the communities

STL SALES
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Change in the industr
y
(Customers can create the demand an
d
then the offer of 3D fles and recyclable plastict

Benefts  or more 
than one compan
y
(Change in the industry and expansion 
of the sector net orrt

Connection with 
the communities

Connection with territorie
s
(The recovery depends on the areatLimex is a material made out of limestone and plastic,  hich 

can be either a substitute of plastic or of papaer. After 
transformming plastic  aste into pellets, it can be combined 
 ith limestone to become “limestone paper”
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The fourth solution is a combination of the second and the third: adopting a new 
material or technology and recovering waste from the users.

Researching an innovative material to substitute Polystyrene, Limex came up. This 
material combines limestone and thermoplastics to make a material that can be 
either a substitute of plastic or of paper.
This opens many possibilities in both the development of the application of the 
material in the industry and in the opening of the network towards other markets.
The ob®ective of this solution is to develop a new waste management system in the 
sector network, which would allow to recover the user waste and transform it in an 
eco-friendly material, helping the industry to depend less from oil-based plastics. In 
addition to that, the waste will also be transformed into a paper substitute.

The key point of this solution is the fact that it comprises the key points of both the 
adoption of new material and the recovery and reuse of user waste. This means 
that this solution will need to develop thoroughly both the recovery of waste, the 
processing of it and the material in which is transformed. 
The material will need to be tested carefully in order to respect the industry 
standard, both in the case of the plastic substitute and the paper substitute.
The processing will be similar to the ones that will be described in the following 
chapters, but in general it will have the waste processed until it is transformed back 
into pellets, which will be mixed with limestone to produce Limex. This material can 
easily be worked with using common techniues, like in®ection moulding and 
cutting it into paper sheets.

Similarly to the recovery of user waste, the participation and incentivization of the 
model kit users is vital to the adoption of this solution. 
In this case, though, the communication and incentivization aspects will have to be 
particularly effective. While the user waste recovery solution sees the plastic 
material completely go back in the model kit production process, in this solution it 
will see a sizeable part of said waste turned into paper. While the paper may be 
used in a variety of ways (e.g. thicker, cardboard-like paper may be used for the 
packaging of the model kitsÎ, the fact that the runners will not be completely 
reused in the model kit industry may not be a particularly interesting idea for the 
model builders. Thus, there is the need to effectively communicate both the usage 
of the waste and the effects in the industry.

One particularly interesting aspect of this solution is the fact that Limex can be 
produced with any thermoplastic. Ìt the moment, the most used ones are 
Polypropylene, Polyethylene and Polystyrene, but any plastic which presents 
similar production processes may be used. While it needs more experimenting, this 
option may help a startup company producing Limex to use a large variety of 
plastic waste if the waste recovered from the model kit users is not enough to 
satisfy a large production volume.
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4

Adopting a new material or new technologies 
would heavily increase the investments, while the 
revenue would be more linred to the 
communication of such changes with the 
communities. Also, the new materials and 
technologies should be focused towards 
improving the ecological print of the company

ADOPTION OF DIFFERENT 
MATERIAL/TECHNOLOGIES

6

Developing a networr to recover model rit waste (e.g. empty 
runners or bo#es% to recycle and input bacr in the production 
process may deepen the connection between companies 
and fnal users. This networr will depend on the willingness 
of the users to participate. The investments may vary based 
on the ability of the company to adopt an internal recycling 
plant

RECOVERING OF USER WASTE2
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Selling 3d fles to the communities would 
deepen the connection between company and 
customers. Also, this solution has lower 
investments, but with revenues linred mainly to 
the interest of the communities

STL SALES
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Connection with teooitooie
s
(The recovery depends on the area%Lime# is a material made out of limestone and plastic, which 

can be either a substitute of plastic or of papaer. After 
transformming plastic waste into pellets, it can be combined 
with limestone to become “limestone paper”
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The fourth solution is a combination of the second and the third: adopting a new 
material or technology and recovering waste from the users.

Researching an innovative material to substitute Polystyrene, Limex came up. This 
material combines limestone and thermoplastics to make a material that can be 
either a substitute of plastic or of paper.
This opens many possibilities in both the development of the application of the 
material in the industry and in the opening of the network towards other markets.
The ob®ective of this solution is to develop a new waste management system in the 
sector network, which would allow to recover the user waste and transform it in an 
eco-friendly material, helping the industry to depend less from oil-based plastics. In 
addition to that, the waste will also be transformed into a paper substitute.

The key point of this solution is the fact that it comprises the key points of both the 
adoption of new material and the recovery and reuse of user waste. This means 
that this solution will need to develop thoroughly both the recovery of waste, the 
processing of it and the material in which is transformed. 
The material will need to be tested carefully in order to respect the industry 
standard, both in the case of the plastic substitute and the paper substitute.
The processing will be similar to the ones that will be described in the following 
chapters, but in general it will have the waste processed until it is transformed back 
into pellets, which will be mixed with limestone to produce Limex. This material can 
easily be worked with using common techniues, like in®ection moulding and 
cutting it into paper sheets.

Similarly to the recovery of user waste, the participation and incentivization of the 
model kit users is vital to the adoption of this solution. 
In this case, though, the communication and incentivization aspects will have to be 
particularly effective. While the user waste recovery solution sees the plastic 
material completely go back in the model kit production process, in this solution it 
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used in a variety of ways (e.g. thicker, cardboard-like paper may be used for the 
packaging of the model kitsÎ, the fact that the runners will not be completely 
reused in the model kit industry may not be a particularly interesting idea for the 
model builders. Thus, there is the need to effectively communicate both the usage 
of the waste and the effects in the industry.

One particularly interesting aspect of this solution is the fact that Limex can be 
produced with any thermoplastic. Ìt the moment, the most used ones are 
Polypropylene, Polyethylene and Polystyrene, but any plastic which presents 
similar production processes may be used. While it needs more experimenting, this 
option may help a startup company producing Limex to use a large variety of 
plastic waste if the waste recovered from the model kit users is not enough to 
satisfy a large production volume.
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In the Multicriteria Analysis each solution has been evaluated based on seven 
different factors: the ability to transform an output in an input, the relations that 
the solution would create, the infuence on the autopoiesis of the system, the ability 
of the solution to act locally, how much that solutions follows the tenets of 
“Humanity Centered Design”, the state of technology that said solution proposes 
and the economic feasibility of the solution.
The solutions were graded from 0 to 5 for each factor and a solution was considered 
particularly effective if it scored more than 20 points out of 35.

Based on this evaluation, it was possible to identify which solutions would be more 
effective towards the challenges and opportunities in the network, while also 
considering how each solution has a more systemic design approach to said issues 
compared to the others.?
In addition to that, using these seven factors to analyse each solution has allowed a 
more defned view of them.

The results show that STL sales is not particularly effective as a solution, while the 
other three solutions are.
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The factor “Output � Input” had the ob]ective to evaluate each solution based on if 
and how said solution was able to transform an output, like production waste or 
similar, into an input. 

Analysing the four solutions, it was shown that the sales of STL fles would not have 
the transformation of an output in an input as ob]ective of the solution, while it is 
the case for the recovery of user waste. In that case, as a matter of fact, this factor is 
the core ob]ective.
When it comes to the adoption of a new material, though, it was decided to 
evaluate it fairly high on the scale, 4 out of 5. The reason behind this decision is the 
fact that using recycled plastic as a material for the production of model kit can be 
seen as the adoption of a new material. The plastic is not a virgin material and it is 
not freshly made by the polymerization of oils, but it comes from the mechanical 
recycling process.
There is, also, an example of treating recycled plastic as a new material: BAZDAI 
SPIRITS has recently launched a line of Gunplas made in mechanically recycled 
plastic, and the material is called Ecopla.
Finally, both recovering user waste and transforming plastic into paper have this 
factor as the main ob]ective of the solution, thus the 5 out of 5 evaluation.
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While for the previous factor there are differences between the solutions when it 
comes to the evaluation, in the case of building relationships either outside or 
inside the system, all three scored between 4 and 5 out of 5.

For the sales of STL fles the relations are built based on the need to create new 
relationships with the community and with experts in the online fles sales. As 
stated before, there are various issues to overcome, frst of all the dangers of piracy.

The recover of user waste has the necessity to create new relations with the 
community as the collaboration with the customers is essential to actually have a 
functioning network that recovers an amount of material which can ]ustify the 
investments behind said pro]ect.

Finally, the reason why both adopting new material or technology and 
transforming plastic into paper are rated 5 out of 5 is the fact that these solutions 
are the only ones that reache outside the model kit industry. The research for new 
technology or material inherently re�uires leaving behind the traditional tools, in 
order to fnd new applications for solutions found in other sectors.
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Considering that the concept of Autopoiesis in Systemic Design is centred around 
the idea that a system infuences itself in all of its components and infuences them 
not as singular entities, but by creating an autopoietic net of relations between all 
of its parts, each solution had a largely different evaluation, for different reasons.

In the case of sales of STL fles, there is not any ma]or infuence in the system itself, 
since the biggest impact it may have in the short term is the diversifcation of sales. 
In this case, then the only elements of the system that infuence each other are the 
company as a supplier of goods and the customers. All the relations that are built 
around the sales of fles are not created in order to better the system itself, rather to 
better implement a new product.

Conversely, the adoption of new materials or technologies will infuence the system 
as a whole, in all of its areas. The material fow will change, either to allow the 
implementation of the new material or as result of the total adoption of said 
material, which could destroy the previous fow. The information fow will be 
modifed with all the information needed on the change, so that the fnal users can 
adopt it better. The system as a whole will change, in order to open itself.

The recover of user waste is another example of incomplete autopoiesis, since the 
system itself will only marginally change, and only regarding the material fow. That 
said, the change would be for the best, as it would improve the ecological print of 
the products and the materials.

Finally, transforming plastic into paper infuences the system as a whole, while also 
linking it together with the paper industry. This makes so that the material, 
information and commercial fows are affected.
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solution applicable to a local context. In this case, both the STL sale and the 
adoption of new material or technology do not operate at a local level, and it is not 
the focus of these solutions.

On the contrary, the recover of user waste and the transformation of plastic waste 
into paper see a local presence of hubs vital to the processes: giving the 
participants an easy way to leave their waste would help them participating and, 
most of all would incentivise them.
One of the obstacles that these solutions have to overcome is the organization of 
how can the participants dump their waste without any excessive effort.
One of the potential solution would be the placement of hotspots inside or near 
hobby stores, or the creation of clearly marked and easily reachable hubs.
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Similarly to the previous evaluation factor, “Humanity Centered Design” is not the 
focus of either STL sales or adoption of new technology or material. The defnition 
of “Humanity Centered Design” is a focus on people"s needs not as individuals but 
as societies with complex, deep%rooted problems. This, paired with the fact that 
both solutions are more technologic or economic driven rather than needs driven 
causes a low evaluation of them.

Again, the recover of user waste is much more in line with the evaluation factor, 
thanks to the needed collaboration between the user communities and the 
companies. The effect that this pro]ect may have on the users will be more clear 
with the analysis of the results of a survey run in the model building communities, 
particularly by observing how much waste from model kits each hobbyist has and 
how much of that gets recycled or thrown away.

The transformation of plastic waste into paper is also a solution that follows this 
evalaution factor closely. Transforming human waste in a new material, which, as it 
will defned in later chapters, is planned to be upcyclable, makes so that this 
solution follows a humanity centered design, thanks to the fact that human waste 
becomes a new input.
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Evaluating each solution on the “State of technology” meant analysing them 
considering how developed is the technology that the solution would implement.

Starting with the sales of STL, the technology is already widely used, both by 3D 
printing companies and by private user that model and sell their designs. 
Therefore, the technology would not re�uire any experimental development.

When it comes to the adoption of new materials or technologies, the evaluation is 
slightly lower than the previous one, simply because there are no technologies that 
can easily substitute the ones already in use. There is, though, a material that has 
been developed for a few years that will be analysed in detail later in the thesis.

Recovering user waste has a high evaluation thanks to the fact that mechanical 
recycling for plastic is extensively developed. There is also another type of 
technology that is getting more and more developed, chemical recycling.

Finally, the Limex is a material in production and in use from 2013, giving it a high 
evaluation thanks to its state of technology. While there are still experiments being 
done, like the possibility of producing Limex paper using bioplastics, the core 
technology is fully developed.
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The last evaluation factor analysed the economic feasibility of each solution.

While the sale of STL has a high score thanks to its nature of adding a new product 
without re�uiring particularly high investments, both the adoption of new 
materials or technologies and the recovery of user waste have scores that refect 
the experimental nature of the two solutions.

In the case of adopting new material or technologies, the economic feasibility 
depends on the impact that the new element introduces in the system. If a new 
material re�uires particular machinery to be processed, the investments re�uired 
would be �uite high. Similarly, if the technology is not perfectly developed, it would 
re�uire funds to be perfected.

Recovering user waste would re�uire a high initial investment, even if the 
technology adopted is well developed and the organization is as streamlined as 
possible. This is the result of acting locally on the territory in order to reach as many 
potential participants as possible. In addition to this, the economic return will be 
based on the user participation.

Similarly to the previous two solution, transforming plastic into paper re�uires high 
initial investments. This solutions presents a large variety of machinery needed to 
both recycle plastic waste in pellets and combining it with limestone powder to 
produce Limex.
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In the Multicriteria Analysis each solution has been evaluated based on seven 
different factors: the ability to transform an output in an input, the relations that 
the solution would create, the infuence on the autopoiesis of the system, the ability 
of the solution to act locally, how much that solutions follows the tenets of 
“Humanity Centered Design”, the state of technology that said solution proposes 
and the economic feasibility of the solution.
The solutions were graded from 0 to 5 for each factor and a solution was considered 
particularly effective if it scored more than 20 points out of 35.

Based on this evaluation, it was possible to identify which solutions would be more 
effective towards the challenges and opportunities in the network, while also 
considering how each solution has a more systemic design approach to said issues 
compared to the others.?
In addition to that, using these seven factors to analyse each solution has allowed a 
more defned view of them.

The results show that STL sales is not particularly effective as a solution, while the 
other three solutions are.
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The factor “Output � Input” had the ob]ective to evaluate each solution based on if 
and how said solution was able to transform an output, like production waste or 
similar, into an input. 

Analysing the four solutions, it was shown that the sales of STL fles would not have 
the transformation of an output in an input as ob]ective of the solution, while it is 
the case for the recovery of user waste. In that case, as a matter of fact, this factor is 
the core ob]ective.
When it comes to the adoption of a new material, though, it was decided to 
evaluate it fairly high on the scale, 4 out of 5. The reason behind this decision is the 
fact that using recycled plastic as a material for the production of model kit can be 
seen as the adoption of a new material. The plastic is not a virgin material and it is 
not freshly made by the polymerization of oils, but it comes from the mechanical 
recycling process.
There is, also, an example of treating recycled plastic as a new material: BAZDAI 
SPIRITS has recently launched a line of Gunplas made in mechanically recycled 
plastic, and the material is called Ecopla.
Finally, both recovering user waste and transforming plastic into paper have this 
factor as the main ob]ective of the solution, thus the 5 out of 5 evaluation.
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While for the previous factor there are differences between the solutions when it 
comes to the evaluation, in the case of building relationships either outside or 
inside the system, all three scored between 4 and 5 out of 5.

For the sales of STL fles the relations are built based on the need to create new 
relationships with the community and with experts in the online fles sales. As 
stated before, there are various issues to overcome, frst of all the dangers of piracy.

The recover of user waste has the necessity to create new relations with the 
community as the collaboration with the customers is essential to actually have a 
functioning network that recovers an amount of material which can ]ustify the 
investments behind said pro]ect.

Finally, the reason why both adopting new material or technology and 
transforming plastic into paper are rated 5 out of 5 is the fact that these solutions 
are the only ones that reache outside the model kit industry. The research for new 
technology or material inherently re�uires leaving behind the traditional tools, in 
order to fnd new applications for solutions found in other sectors.
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Considering that the concept of Autopoiesis in Systemic Design is centred around 
the idea that a system infuences itself in all of its components and infuences them 
not as singular entities, but by creating an autopoietic net of relations between all 
of its parts, each solution had a largely different evaluation, for different reasons.

In the case of sales of STL fles, there is not any ma]or infuence in the system itself, 
since the biggest impact it may have in the short term is the diversifcation of sales. 
In this case, then the only elements of the system that infuence each other are the 
company as a supplier of goods and the customers. All the relations that are built 
around the sales of fles are not created in order to better the system itself, rather to 
better implement a new product.

Conversely, the adoption of new materials or technologies will infuence the system 
as a whole, in all of its areas. The material fow will change, either to allow the 
implementation of the new material or as result of the total adoption of said 
material, which could destroy the previous fow. The information fow will be 
modifed with all the information needed on the change, so that the fnal users can 
adopt it better. The system as a whole will change, in order to open itself.

The recover of user waste is another example of incomplete autopoiesis, since the 
system itself will only marginally change, and only regarding the material fow. That 
said, the change would be for the best, as it would improve the ecological print of 
the products and the materials.

Finally, transforming plastic into paper infuences the system as a whole, while also 
linking it together with the paper industry. This makes so that the material, 
information and commercial fows are affected.
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y The concept behind the “Acting locally” evaluation factor is how much is the 
solution applicable to a local context. In this case, both the STL sale and the 
adoption of new material or technology do not operate at a local level, and it is not 
the focus of these solutions.

On the contrary, the recover of user waste and the transformation of plastic waste 
into paper see a local presence of hubs vital to the processes: giving the 
participants an easy way to leave their waste would help them participating and, 
most of all would incentivise them.
One of the obstacles that these solutions have to overcome is the organization of 
how can the participants dump their waste without any excessive effort.
One of the potential solution would be the placement of hotspots inside or near 
hobby stores, or the creation of clearly marked and easily reachable hubs.
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Similarly to the previous evaluation factor, “Humanity Centered Design” is not the 
focus of either STL sales or adoption of new technology or material. The defnition 
of “Humanity Centered Design” is a focus on people"s needs not as individuals but 
as societies with complex, deep%rooted problems. This, paired with the fact that 
both solutions are more technologic or economic driven rather than needs driven 
causes a low evaluation of them.

Again, the recover of user waste is much more in line with the evaluation factor, 
thanks to the needed collaboration between the user communities and the 
companies. The effect that this pro]ect may have on the users will be more clear 
with the analysis of the results of a survey run in the model building communities, 
particularly by observing how much waste from model kits each hobbyist has and 
how much of that gets recycled or thrown away.

The transformation of plastic waste into paper is also a solution that follows this 
evalaution factor closely. Transforming human waste in a new material, which, as it 
will defned in later chapters, is planned to be upcyclable, makes so that this 
solution follows a humanity centered design, thanks to the fact that human waste 
becomes a new input.
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Evaluating each solution on the “State of technology” meant analysing them 
considering how developed is the technology that the solution would implement.

Starting with the sales of STL, the technology is already widely used, both by 3D 
printing companies and by private user that model and sell their designs. 
Therefore, the technology would not re�uire any experimental development.

When it comes to the adoption of new materials or technologies, the evaluation is 
slightly lower than the previous one, simply because there are no technologies that 
can easily substitute the ones already in use. There is, though, a material that has 
been developed for a few years that will be analysed in detail later in the thesis.

Recovering user waste has a high evaluation thanks to the fact that mechanical 
recycling for plastic is extensively developed. There is also another type of 
technology that is getting more and more developed, chemical recycling.

Finally, the Limex is a material in production and in use from 2013, giving it a high 
evaluation thanks to its state of technology. While there are still experiments being 
done, like the possibility of producing Limex paper using bioplastics, the core 
technology is fully developed.
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The last evaluation factor analysed the economic feasibility of each solution.

While the sale of STL has a high score thanks to its nature of adding a new product 
without re�uiring particularly high investments, both the adoption of new 
materials or technologies and the recovery of user waste have scores that refect 
the experimental nature of the two solutions.

In the case of adopting new material or technologies, the economic feasibility 
depends on the impact that the new element introduces in the system. If a new 
material re�uires particular machinery to be processed, the investments re�uired 
would be �uite high. Similarly, if the technology is not perfectly developed, it would 
re�uire funds to be perfected.

Recovering user waste would re�uire a high initial investment, even if the 
technology adopted is well developed and the organization is as streamlined as 
possible. This is the result of acting locally on the territory in order to reach as many 
potential participants as possible. In addition to this, the economic return will be 
based on the user participation.

Similarly to the previous two solution, transforming plastic into paper re�uires high 
initial investments. This solutions presents a large variety of machinery needed to 
both recycle plastic waste in pellets and combining it with limestone powder to 
produce Limex.
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The last solution to have been  ound e  ective is the trans ormation o  plastic into 
paper. In addition to that, this solution is also the one that scored the highest in the 
multicriteria analysis, thanks to it being a combination o  the previous twod

This solution manages to propose all the pros o  adopting a new material and o  
recovering user waste, while also covering part o  the weaknesses o  the two.
First o  all, this solution manages to open the network similarly to adopting a new 
material, since the same Limex that can be introduced in the model kit industry is 
the one that will be produced as a paper alternative. In addition to this, the system 
would not only see a new material input, but also an output, since the paper made 
out o  recycled plastic will be  ed in the paper industryd

By  ocusing the production o  Limex on the empty runners that make up the 
ma±ority o  user waste, the positive aspects o  the third solution are maintained.
This, though, makes so that the obstacles that come up  or recovering user waste 
are present also  or this solution. As stated previously, not only it will be necessary 
to develop a solid network to recover user waste, but the communication aspect 
will have to be particularly e  ective in convincing the model builders in 
participatingd

This solution comes with its own challenges, though. Úaving defned a potential 
new industry towards where open the model kit industry, it will be necessary to 
understand it. This means that developing a market analysis to understand 
demand and o  er will be particularly necessary  or a variety o  reasons.
The frst one is to understand the material output needed to enter competitively 
and avoiding a shortage o  raw materials. Another reason is to understand the 
overall pricing  or the various weights o  paper and the quality expected by the 
customers. Also, the variety o  types o  paper is a challenge in and on itsel : as it will 
be better detailed in its analysis, Limex paper at the moment is produced on some 
precise weights and  or each there are suggested uses.
Generally, entering a di  erent industry requires an in-depth study o  said industry, 
in order to avoid not being able to fnd a solid  ootholdd

All in all, though, this solution has the highest potential to help the model kit 
industry to embrace innovations  ollowing a ¯ystemic ®esign philosophy, especially 
when compared to the previous two.
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 his chapter is dedicated to the survey developed to ask the users of model kits 
various questions about both the hobbyv the industry and the solutions introduced 
in the previous chapter.
 he objective of this survey was to learn how the model builders participate in the 
hobby from a point of view of what they consider wastev how they see the 
companies that produce model kits and if they are interested in any eco-friendly 
effort these companies may take. In addition to these informationv the survey asked 
the hobbyists if the identi ed solutions may be of interest and if these solutions 
may affect some aspects of the hobby.

 he survey was conducted in online communities of hobbyists. In these 
communitiesv model builders share their latest model built and painted and often 
there is a healthy share of suggestions.  he survey was sent from the beginning of 
March 2023 to the end of the  rst half of April of the same year. It managed to 
gather a total of 230 answers.
 he online communities were part of the social network “Reddit”v which is divided 
in various “subreddits”.  he major ones in which the survey was sent were “r/
Warhammer40K”v “r/Gunpla”v “r/modelmaking” and “r/minipainting”.  hese 
communities were the most active ones and this inºuenced the answers of some of 
the questionsv mainly the ones dedicated to discovering the preferred companies of 
the model builders.  hisv thoughv was e�pectedv since the communities of the 
products of Games Workshop and BANDAI SPIRI S are more mainstream than the 
ones dedicated to historical model building. In addition to thatv both companies are 
linked to various IPs and mediav which eased a larger public into the model kit 
hobby.
In addition to thatv the Games Workshop communities are also spread in the 
various factions of the company wargames and IPsv making much easier to enter in 
contact with the Warhammer community than other ones.
Alsov generally the r/modelmaking community is less active than the other onesv 
while r/minipaintingv the biggest one in which the survey was runv has a high 
concentration of beautifully painted Games Workshop model kits.
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 he  rst objective of the survey was to understand how the userbase interacts with 
the hobbyv mainly regarding topics like the preferred material for the model kitsv 
the preferred purchasing location and other information that would help de ne 
how to implement the identi ed solutions.
In addition to thatv this objective is particularly important since it will be directly 
linked to the perception that the model builders have of the companies producing 
model kits and to the interest that the userbase may have towards the identi ed 
solutions. Using the information related to the hobby and the materials more 
commonly used by the community. It would be possible to add another analysis 
layer to the multicriteria analysis that allowed the de nition of the more effective 
solutions.

Another key point of this objective is what does the model building community see 
as waste from the model kit. Considering what has transpired previously by the 
analysis of the various production processesv it is already possibly to determine that 
the empty runners are a common waste present in the model kits. It would be very 
insightful to be able to see how the userbase sees this type of waste andv more 
importantlyv if the model builders themselves already try to reuse the empty 
runners. In addition to thatv it would be interesting to understand how the runners 
are reused. Presumably it will happen inside the hobby itselfv but the ways in which 
it happens may allow to better understand the importance given to the waste. 
Finallyv an important information to gather is the amount of empty runners that 
the community has on averagev how much of it is used andv most importantlyv if the 
general sentiment is a willingness to use more of it. 2
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n  he second objective of the survey was to understand the perception of the model 
making companies.  he key point of this objective was to determine if the 
community perception of the model making companies would change together 
with the companiesJ effort to become more eco-friendlyv and how it would change.\
While this objective is perhaps less indicative than the previous onev since the 
perception of the companies would change e�clusively if and when a solution is 
adoptedv making the objective less linked to other segments of the surveyv it can 
still provide useful information about the model building community.

First of allv it allows a better understanding of why model builders may be inclined 
to buy products from certain companies. Model builders may have various reasons 
outside the model kits designs and IPs to purchase new onesv so it could be 
interesting if a change in production processes or efforts to become more eco-
friendly may be incentives to buy products from multiple companies.

Another interesting element would be how the perception of the model making 
companies would changev if in positive or in negative andv in more detailv why it 
would change. By understanding the reason the perception changesv it would be 
easier to develop a strategy that focuses on reaching the most common reasons 
that bring a positive change in opinion and avoid the ones that result in a negative 
change.

All in allv this objective is more interesting from a “public relation” point of viewv 
rather than from a more technical one.
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 he third and main objective of the survey was to understand the interest of the 
users in the identi ed solutions.  hisv together with the  rst objectivev is particularly 
importantv since it would work similarly to a multicriteria analysis developed from 
the feedback from the userbase.

 he key point of this objective was to gather and analyse how the model building 
community feels towards the identi ed solutions and in there was particular 
interest towards one or more of them. In order to not only obtain the opinion of the 
communityv but also to understand how used is the community to similar 
possibilitiesv the information about different materials and the use of digital  les 
include also potential previous e�periences that the model builders may have.  his 
way it would be possible to speculate how much the community is already used to 
less traditional options that may become part of the hobby.

In addition to thatv this objective also intends to understand the willingness of 
model builders to participate in initiatives where the waste from the model kits are 
recovered. In this casev the main points that the objective tries to understand go 
from the simple interest in participatingv to how often the community would 
participatev to which issues may come up that would make the model builders less 
interested in participating.
 his point of the objective is particularly interesting towards understanding the 
community because it is directly linked with the  rst objectivev the participation of 
the model builders in the hobby. By cross-e�amining the results from the questions 
in the relative sectionsv it will be possible to gather interesting data regarding both 
the issues regarding the preferred location of purchasesv the quantity of purchased 
model kitsv the amount of backlog and how all of these points may be inºuenced 
by participating in a similar initiative.

As a  nal notev this objective will be particularly effective towards the development 
of the projectv especially when the data gathered is analysed together with the 
data from the previous objectives. It will be possible to understand how to develop 
a communication strategyv a new network and how to open the model kit industry 
with the collaboration of the userbase.
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 his chapter is dedicated to the survey developed to ask the users of model kits 
various questions about both the hobbyv the industry and the solutions introduced 
in the previous chapter.
 he objective of this survey was to learn how the model builders participate in the 
hobby from a point of view of what they consider wastev how they see the 
companies that produce model kits and if they are interested in any eco-friendly 
effort these companies may take. In addition to these informationv the survey asked 
the hobbyists if the identi ed solutions may be of interest and if these solutions 
may affect some aspects of the hobby.

 he survey was conducted in online communities of hobbyists. In these 
communitiesv model builders share their latest model built and painted and often 
there is a healthy share of suggestions.  he survey was sent from the beginning of 
March 2023 to the end of the  rst half of April of the same year. It managed to 
gather a total of 230 answers.
 he online communities were part of the social network “Reddit”v which is divided 
in various “subreddits”.  he major ones in which the survey was sent were “r/
Warhammer40K”v “r/Gunpla”v “r/modelmaking” and “r/minipainting”.  hese 
communities were the most active ones and this inºuenced the answers of some of 
the questionsv mainly the ones dedicated to discovering the preferred companies of 
the model builders.  hisv thoughv was e�pectedv since the communities of the 
products of Games Workshop and BANDAI SPIRI S are more mainstream than the 
ones dedicated to historical model building. In addition to thatv both companies are 
linked to various IPs and mediav which eased a larger public into the model kit 
hobby.
In addition to thatv the Games Workshop communities are also spread in the 
various factions of the company wargames and IPsv making much easier to enter in 
contact with the Warhammer community than other ones.
Alsov generally the r/modelmaking community is less active than the other onesv 
while r/minipaintingv the biggest one in which the survey was runv has a high 
concentration of beautifully painted Games Workshop model kits.
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 he  rst objective of the survey was to understand how the userbase interacts with 
the hobbyv mainly regarding topics like the preferred material for the model kitsv 
the preferred purchasing location and other information that would help de ne 
how to implement the identi ed solutions.
In addition to thatv this objective is particularly important since it will be directly 
linked to the perception that the model builders have of the companies producing 
model kits and to the interest that the userbase may have towards the identi ed 
solutions. Using the information related to the hobby and the materials more 
commonly used by the community. It would be possible to add another analysis 
layer to the multicriteria analysis that allowed the de nition of the more effective 
solutions.

Another key point of this objective is what does the model building community see 
as waste from the model kit. Considering what has transpired previously by the 
analysis of the various production processesv it is already possibly to determine that 
the empty runners are a common waste present in the model kits. It would be very 
insightful to be able to see how the userbase sees this type of waste andv more 
importantlyv if the model builders themselves already try to reuse the empty 
runners. In addition to thatv it would be interesting to understand how the runners 
are reused. Presumably it will happen inside the hobby itselfv but the ways in which 
it happens may allow to better understand the importance given to the waste. 
Finallyv an important information to gather is the amount of empty runners that 
the community has on averagev how much of it is used andv most importantlyv if the 
general sentiment is a willingness to use more of it. 2
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making companies.  he key point of this objective was to determine if the 
community perception of the model making companies would change together 
with the companiesJ effort to become more eco-friendlyv and how it would change.\
While this objective is perhaps less indicative than the previous onev since the 
perception of the companies would change e�clusively if and when a solution is 
adoptedv making the objective less linked to other segments of the surveyv it can 
still provide useful information about the model building community.

First of allv it allows a better understanding of why model builders may be inclined 
to buy products from certain companies. Model builders may have various reasons 
outside the model kits designs and IPs to purchase new onesv so it could be 
interesting if a change in production processes or efforts to become more eco-
friendly may be incentives to buy products from multiple companies.

Another interesting element would be how the perception of the model making 
companies would changev if in positive or in negative andv in more detailv why it 
would change. By understanding the reason the perception changesv it would be 
easier to develop a strategy that focuses on reaching the most common reasons 
that bring a positive change in opinion and avoid the ones that result in a negative 
change.

All in allv this objective is more interesting from a “public relation” point of viewv 
rather than from a more technical one.
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 he third and main objective of the survey was to understand the interest of the 
users in the identi ed solutions.  hisv together with the  rst objectivev is particularly 
importantv since it would work similarly to a multicriteria analysis developed from 
the feedback from the userbase.

 he key point of this objective was to gather and analyse how the model building 
community feels towards the identi ed solutions and in there was particular 
interest towards one or more of them. In order to not only obtain the opinion of the 
communityv but also to understand how used is the community to similar 
possibilitiesv the information about different materials and the use of digital  les 
include also potential previous e�periences that the model builders may have.  his 
way it would be possible to speculate how much the community is already used to 
less traditional options that may become part of the hobby.

In addition to thatv this objective also intends to understand the willingness of 
model builders to participate in initiatives where the waste from the model kits are 
recovered. In this casev the main points that the objective tries to understand go 
from the simple interest in participatingv to how often the community would 
participatev to which issues may come up that would make the model builders less 
interested in participating.
 his point of the objective is particularly interesting towards understanding the 
community because it is directly linked with the  rst objectivev the participation of 
the model builders in the hobby. By cross-e�amining the results from the questions 
in the relative sectionsv it will be possible to gather interesting data regarding both 
the issues regarding the preferred location of purchasesv the quantity of purchased 
model kitsv the amount of backlog and how all of these points may be inºuenced 
by participating in a similar initiative.

As a  nal notev this objective will be particularly effective towards the development 
of the projectv especially when the data gathered is analysed together with the 
data from the previous objectives. It will be possible to understand how to develop 
a communication strategyv a new network and how to open the model kit industry 
with the collaboration of the userbase.



��

}[EîrãPî/ã:r�:$�/�Ø�ÍÂ[�Ø·
îrf�¬rq�Ø[q® «[:ª�ãrE

³
Ø
r
f
Ø
[

âßàÔÛÕÙ×ÔÐÕáÛÖÎÏÌÔàÖàÅàÏ×ÔÝËÙÔ×ßàÔÉà×àÕÅÎÏË×ÎáÏÔ×ßàÔÌàÏÉàÕÔÉÎÙ×ÕÎÈÒ×ÎáÏÔÎÏÔ×ßàÔ
ÅáÉàÖÔÈÒÎÖÉÎÏÌÔßáÈÈÆÃÔÑÏÔáÕÉàÕÔ×áÔÉáÔ×ßÎÙ¿Ô×ßàÔÙÎÅÐÖàÔ½ÒàÙ×ÎáÏÔ¾ÚßË×ÔÌàÏÉàÕÔËÕàÔ
ÆáÒ¼ÔÝËÙÔÐÕàÙàÏ×àÉÔÛÕÙ×Ô×áÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔ×áÔ×ßàÔÙÒÕÇàÆÁ
âßàÕàÔÝàÕàÔÙáÅàÔÐÕàÉÎÓ×ÎáÏÙ¿ÔÅËÎÏÖÆÔ×áÝËÕÉÙÔËÔÐÕàÉáÅÎÏËÏ×ÖÆÔÐÕàÙàÏÓàÔá»ÔÅËÖàÔ
ßáÈÈÆÎÙ×Ù¿ÔÈÒ×ÔÎ×ÔÝËÙÔÙ×ÎÖÖÔàºÐàÓ×àÉÔ×ßàÔÐÕàÙàÏÓàÔá»Ô»àÅËÖàÔÅáÉàÖÔÈÒÎÖÉàÕÙ¿ÔËÙÔÝàÖÖÔ
ËÙÔÏáÏÞÈÎÏËÕÆÔáÕÔ×ÕËÏÙÌàÏÉàÕÔÎÏÉÎÇÎÉÒËÖÙÀ

âßàÔÕàÙÒÖ×ÙÔÓáÏÛÕÅàÉÔÙËÎÉÔÐÕàÉÎÓ×ÎáÏÙÄÔ×ßàÔÐàÕÓàÏ×ËÌàÔá»ÔÅËÖàÔÅáÉàÖÔÈÒÎÖÉàÕÙÔ
ËÅáÒÏ×àÉÔ×áÔ¹ÊÃ¸¶¿ÔÝßÎÖàÔ»àÅËÖàÔÅáÉàÖÔÈÒÎÖÉàÕÙÔÅËÉàÔÒÐÔµ¶Ôá»Ô×ßàÔ×á×ËÖÔËÏÙÝàÕÙÃÔ
´ÎÏËÖÖÆ¿ÔÏáÏÞÈÎÏËÕÆÔËÏÉÔ×ÕËÏÙÌàÏÉàÕÔßáÈÈÆÎÙ×ÙÔËÅáÒÏ×àÉÔ×áÔÜÃ¸¶Á
ÚßÎÖàÔ×ßÎÙÔÅËÆÔÙààÅÔ×ßË×Ô×ßàÕàÔÎÙÔÙáÅàÔÙáÕ×Ôá»ÔÉÎÙÓÕÎÅÎÏË×ÎáÏÔÎÏÔ×ßàÔÓáÅÅÒÏÎ×ÆÔáÕÔ
ÌàÏàÕËÖÔÓÖáÙÎÏÌÔá»Ô×ßàÔßáÈÈÆÔ×áÝËÕÉÙÔ×ßàÔÖàÙÙÔÕàÐÕàÙàÏ×àÉÔÌàÏÉàÕÙ¿ÔÎ×ÔÎÙÔÎÅÐáÕ×ËÏ×Ô
×áÔÕàÅàÅÈàÕÔ×ßË×Ô×ßàÔßáÈÈÆÔÝËÙÔËÖÝËÆÙÔÅËÎÏÖÆÔ×ËÕÌà×àÉÔ×áÝËÕÉÙÔËÔÅËÖàÔËÒÉÎàÏÓà¿Ô
ÐËÕ×ÎÓÒÖËÕÖÆÔ×áÝËÕÉÙÔÅàÏÔËÏÉÔ×ààÏËÌàÕÙÔÎÏ×àÕàÙ×àÉÔÎÏÔ»ËÏ×ËÙÆÔáÕÔÙÓÎÞÛÔÙà××ÎÏÌÙÃÔ
âßàÕà»áÕà¿ÔÎ×ÔÙßáÒÖÉÔÏá×ÔÈàÔÙÒÕÐÕÎÙÎÏÌÔ×ßË×Ô×ßàÔßáÈÈÆÔßËÙÔËÔÐÕàÉáÅÎÏËÏ×ÔÅËÖàÔ
ÐÕàÙàÏÓàÃ

¬
E
Ø

�Ïá×ßàÕÔ»ËÓ×áÕÔÎÏÔÐÕáÛÖÎÏÌÔ×ßàÔÅáÉàÖÔÈÒÎÖÉÎÏÌÔÓáÅÅÒÏÎ×ÆÔÝËÙÔ×áÔÉà×àÕÅÎÏàÔ×ßàÔ
ËÇàÕËÌàÔËÌà¿ÔÅËÎÏÖÆÔÉÎÇÎÉÎÏÌÔÎ×ÔÎÏÔÕËÏÌàÙÁ
ÚßÎÖàÔÎÏÔ×ßàÔÌàÏÉàÕÔÐÕáÛÖÎÏÌÔ×ßàÕàÔÝËÙÔÙáÅàÔÖàÇàÖÔá»ÔÐÕàÉÎÓ×ÎÏÌÔ×ßàÔÕàÙÒÖ×Ù¿Ô×ßËÏ�ÙÔ
×áÔ×ßàÔ�ÏáÝÏÔ×ËÕÌà×Ôá»Ô×ßàÔßáÈÈÆ¿ÔÎÏÔ×ßàÔÓËÙàÔá»ÔËÌàÔÐÕáÛÖÎÏÌÔ×ßàÕàÔÎÙÔÏáÔÕàËÖÔ
ÎÏÉÎÓË×áÕ¿ÔáÒ×ÙÎÉàÔ×ßàÔÕàÓáÅÅàÏÉàÉÔËÌàÔ»áÕÔ×ßàÔÅáÉàÖÔ�Î×ÙÔËÏÉÔáÒ×ÙÎÉàÔ×ßàÔ»ËÓ×Ô
×ßË×Ô×ßàÔÙÒÕÇàÆÔÝËÙÔÕÒÏÔáÏÔ àÉÉÎ×¿ÔËÔÙáÓÎËÖÔÏà×ÝáÕ�ÔÅáÕàÔÓáÅÅáÏÔÈà×ÝààÏÔÆáÒÏÌÔ
ËÉÒÖ×ÙÁ
âßàÔÕàÓáÅÅàÏÉàÉÔËÌà¿Ô×ßáÒÌß¿ÔÓßËÏÌàÙÔ»ÕáÅÔÅáÉàÖÔ�Î×Ô×áÔÅáÉàÖÔ�Î×¿ÔàÙÐàÓÎËÖÖÆÔ
ÝßàÏÔÓáÅÐËÕÎÏÌÔ×ÝáÔÉÎ»»àÕàÏ×ÔÑ	ÙÃÔ´áÕÔàºËÅÐÖà¿Ôô�÷ð�ÑÔí	Ñ ÑâíÔÅáÉàÖÔ�Î×ÙÔËÕàÔÏá×Ô
ÕàÓáÅÅàÏÉàÉÔ»áÕÔ�ÎÉÙÔÒÏÉàÕÔ×ßÕààÔÆàËÕÙÔáÖÉ¿Ô×ßËÏ�ÙÔ×áÔ×ßàÔÐÕàÙàÏÓàÔá»ÔÙÅËÖÖÔÐËÕ×Ù¿Ô
ÝßÎÓßÔÓËÏÔÈàÔËÔÓßáÓ�ÎÏÌÔßËöËÕÉÃÔ#ËÅàÙÔÚáÕ�ÙßáÐÔÅáÉàÖÔ�Î×¿ÔÎÏÙ×àËÉ¿ÔÎÏÉÎÓË×àÔËÔ
ÅÎÏÎÅÒÅÔËÌàÔá»Ô×ÝàÖÇàÔÆàËÕÙÔáÖÉ¿ÔÈàÓËÒÙàÔá»Ô×ßàÔÏààÉÔá»ÔÌÖÒàÙÔ×áÔ�ààÐÔ×ßàÔ�Î×ÙÔ
ËÙÙàÅÈÖàÉÔËÏÉÔ×ßàÔÏàÓàÙÙÎ×ÆÔá»ÔÐËÎÏ×ÎÏÌÔ×ßàÅÁ
ÑÏÔËÉÉÎ×ÎáÏÔ×áÔ×ßË×¿Ô×ßàÔÙÒÕÇàÆÔÝËÙÔÖËÒÏÓßàÉÔáÏÔËÔÙáÓÎËÖÔÏà×ÝáÕ�¿Ô×ßàÕà»áÕàÔ×ßàÔ
ÅÎÏÎÅÒÅÔËÌàÔÝËÙÔÙà×ÔË×Ôò&ÔÆàËÕÙÔáÖÉÀ

âßàÔÕàÙÒÖ×ÙÔÝàÕàÔÎÏ×àÕàÙ×ÎÏÌÄÔ×ßàÔÅáÙ×ÔÓáÅÅáÏÔËÌàÔÕËÏÌàÔÙàÖàÓ×àÉÔÝËÙÔÈà×ÝààÏÔò¹Ô
ËÏÉÔÜ&ÔÆàËÕÙÔáÖÉ¿ÔÓáÕÕàÙÐáÏÉÎÏÌÔ×áÔËÔÐàÕÓàÏ×ËÌàÔá»ÔÜëÃµ¶ÃÔÚßÎÖàÔ×ßÎÙÔÕàÙÒÖ×ÔÝËÙÔÎÏÔ
ÖÎÏàÔÝÎ×ßÔ×ßàÔËÌàÔÐÕàÉÎÓ×ÎáÏ¿Ô×ßàÔÕàËÖÔÙÒÕÐÕÎÙàÔÓËÅàÔ»ÕáÅÔ×ßàÔÙàÓáÏÉÔÅáÙ×ÔÎÏÉÎÓË×àÉÔ
ËÌàÔÕËÏÌàÄÔèÜÞæÊÔÆàËÕÙÔáÖÉ¿ÔÓáÇàÕÎÏÌÔÜ¸Ã&¶Ôá»Ô×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÃÔÑÏÔËÉÉÎ×ÎáÏÔ×áÔ×ßÎÙ¿Ô×ßàÔ
ËÌàÔÕËÏÌàÔÈà×ÝààÏÔÜ¸ÔËÏÉÔèòÔÆàËÕÙÔáÖÉÔÝËÙÔ×ßàÔ×ßÎÕÉÔÅáÙ×ÔÙàÖàÓ×àÉÔáÐ×ÎáÏ¿ÔÕàËÓßÎÏÌÔ
ÜòÃµ¶Ôá»Ô×ßàÔËÏÙÝàÕÙÃÔâßàÏÔ×ßàÔ»áÒÕ×ßÔÅáÙ×ÔÙàÖàÓ×àÉÔáÐ×ÎáÏÔÝËÙÔ×ßàÔÕËÏÌàÔæòÞ&&Ô
ÆàËÕÙÔáÖÉ¿ÔË×ÔòÜÃ¸¶Ôá»ÔËÏÙÝàÕÙÃÔ´ÎÏËÖÖÆ¿Ô×ßàÔÕËÏÌàÔò&ÞòëÔÓáÕÕàÙÐáÏÉàÉÔ×áÔòÊ¶Ôá»Ô×ßàÔ
ËÏÙÝàÕÙ¿ÔÝßÎÖàÔ×ßàÔáÐ×ÎáÏÔ&¸�ÔáÏÖÆÔÕàÌÎÙ×àÕàÉÔáÏàÔËÏÙÝàÕ¿ÔÊÃæ¶Ôá»Ô×ßàÔ×á×ËÖÁ
âßàÙàÔÕàÙÒÖ×ÙÔÙßáÝÔ×ßË×Ô×ßàÔÐËÙÙÎáÏÔ»áÕÔËÔßáÈÈÆÔÓËÏÔßàÖÐÔÐàáÐÖàÔ»ÕáÅÔËÖÖÔËÌàÙÔ×áÔ
ÓáÅàÔ×áÌà×ßàÕÔËÏÉÔÙßËÕàÔ×ßË×ÔÐËÙÙÎáÏÃÔÑÏÔËÉÉÎ×ÎáÏÔ×áÔ×ßË×¿Ô×ßàÔÕàÙÒÖ×ÙÔÎÏÉÎÓË×àÔ×ßË×Ô
×ßàÔÐá×àÏ×ÎËÖÔ×ËÕÌà×ÙÔ»áÕÔËÔÓáÖÖËÈáÕË×ÎáÏÔÝÎ×ßÔ×ßàÔßáÈÈÆÎÙ×ÙÔÉáàÙÔÏá×ÔÏàÓàÙÙËÕÎÖÆÔ
ÏààÉÔ×áÔÈàÔ»áÓÒÙàÉÔáÏÖÆÔáÏÔËÔÙÅËÖÖÔËÌàÔÌÕáÒÐÃ

0.-,+

2+
6-,+

;r
/[
:
f
Â
?
/ã
:
r

âßàÔÙÒÕÇàÆÔÝËÙÔÉÎÇÎÉàÉÔÎÏÔàÎÌß×ÔÉÎ»»àÕàÏ×ÔÙàÓ×ÎáÏÙ¿ÔàËÓßÔáÏàÔÓáÏÙÎÙ×ÎÏÌÔá»ÔÇËÕÎáÒÙÔ
½ÒàÙ×ÎáÏÙÃÔJËÓßÔÙàÓ×ÎáÏÔÓáÇàÕàÉÔËÔÉÎ»»àÕàÏ×Ô×áÐÎÓ¿ÔÓáÇàÕÎÏÌÔËÖÖÔ×ßàÔáÈFàÓ×ÎÇàÙÔ
ÉàÙÓÕÎÈàÉÔÐÕàÇÎáÒÙÖÆÃÔâßËÏ�ÙÔ×áÔ×ßàÔÉÎÇàÕÙÎ×ÆÔá»Ô�àÆÔÐáÎÏ×ÙÔÎÏÔàËÓßÔáÈFàÓ×ÎÇà¿ÔàËÓßÔ
ÙàÓ×ÎáÏÔÓáÇàÕàÉÔáÏàÔá»Ô×ßàÔ�àÆÔÐáÎÏ×ÙÁ
âßàÔÙÒÕÇàÆÔÓáÏÙÎÙ×àÉÔÎÏÔÈá×ßÔáÐàÏÔ½ÒàÙ×ÎáÏÙ¿ÔÝßàÕàÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔßËÉÔ×áÔÝÕÎ×àÔËÔ
ÙßáÕ×Ô×àº×¿ÔËÏÉÔÅÒÖ×ÎÐÖàÔÓßÎáÓàÔ½ÒàÙ×ÎáÏÙÃÔÑÏÔ×ßàÔÅËFáÕÎ×ÆÔá»Ô×ßàÔÅÒÖ×ÎÐÖàÔÓßáÎÓàÔ
½ÒàÙ×ÎáÏÙÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÔÓáÒÖÉÔáÏÖÆÔÓßááÙàÔáÏàÔËÏÙÝàÕ¿ÔÈÒ×ÔÎÏÔÙáÅàÔ×ßàÕàÔÝËÙÔ×ßàÔ
áÐ×ÎáÏÔ×áÔËÉÉÔËÏÔËÉÉÎ×ÎáÏËÖÔËÏÙÝàÕÔÎ»Ô×ßàÔÐËÕ×ÎÓÎÐËÏ×ÔÉàÓÎÉàÉÔ×áÃÔâßàÕàÔÝàÕàÔËÖÙáÔ
ÙáÅàÔ½ÒàÙ×ÎáÏÙÔÝßàÕàÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔÓáÒÖÉÔÓßááÙàÔÅÒÖ×ÎÐÖàÔáÐ×ÎáÏÙÀ

âßàÔÙÒÕÇàÆÔÝËÙÔÓáÅÐÖà×àÖÆÔËÏáÏÆÅáÒÙ¿ÔÈÒ×ÔËÏÔÎÏÎ×ÎËÖÔÐÕáÛÖÎÏÌÔÙàÓ×ÎáÏÔÝËÙÔËÉÉàÉ¿Ô
ÎÏÔáÕÉàÕÔ×áÔÐËÎÏ×ÔËÔÌàÏàÕÎÓÔÐÎÓ×ÒÕàÔËÈáÒ×Ô×ßàÔÅáÉàÖÔ�Î×ÔÓáÅÅÒÏÎ×ÆÁ
âßàÔÙÒÕÇàÆÔÝËÙÔ×áÔÈàÔËÏÙÝàÕàÉÔÎÏÔJÏÌÖÎÙßÔËÏÉÔÝËÙÔÉàÇàÖáÐàÉÔÒÙÎÏÌÔ×ßàÔ»ÕààÔáÏÖÎÏàÔ
ÙÒÕÇàÆÔÅË�àÕÔ»ÕáÅÔ#ááÌÖà¿Ô#ááÌÖàÔ´áÕÅÃ

}
[E

î
r
ãP
î
/ã
:
r
�:
$�
/�

Ø
�q
Ø
?
/ã
:
r

âßàÔÛÕÙ×ÔÙàÓ×ÎáÏÔá»Ô×ßàÔÙÒÕÇàÆÔÓáÇàÕàÉÔ×ßàÔÌàÏàÕËÖÔÐÕáÛÖÎÏÌÔá»Ô×ßàÔÅáÉàÖÔÅË�ÎÏÌÔ
ÓáÅÅÒÏÎ×ÆÁ
âßÎÙÔÙàÓ×ÎáÏÔÝËÙÔ½ÒÎ×àÔÙßáÕ×ÔËÏÉÔ½ÒÎÓ�Ô×áÔÓáÅÐÎÖà¿ÔÕà½ÒÎÕÎÏÌÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔ×áÔ
ËÏÙÝàÕÔáÏÖÆÔ»áÒÕÔ½ÒàÙ×ÎáÏÙÁ
âßàÔÛÕÙ×Ô½ÒàÙ×ÎáÏÔÕàÌËÕÉàÉÔ×ßàÔÌàÏÉàÕÔá»Ô×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÃÔÑÏÔáÕÉàÕÔ×áÔàËÙàÔ
ËÏÙÝàÕÎÏÌÔËÏÉÔÓáÅÐÎÖÎÏÌÔ×ßàÔÉË×Ë¿Ô×ßÎÙÔÝËÙÔËÔÅÒÖ×ÎÐÖàÔÓßáÎÓàÔ½ÒàÙ×ÎáÏÃÔâßàÔ
ËÇËÎÖËÈÖàÔËÏÙÝàÕÙÔÝàÕàÔ¾~ËÖà¼¿Ô¾´àÅËÖà¼ÔËÏÉÔËÏÔáÐàÏÔáÏà¿ÔÝßàÕàÔÐËÕ×ÎÓÎÐËÏ×ÙÔÏá×Ô
ÎÉàÏ×Î»ÆÎÏÌÔÝÎ×ßÔáÏàÔá»Ô×ßàÔ×ÝáÔÐÕàÇÎáÒÙÔËÏÙÝàÕÙÔ�áÕÔÒÏÝÎÖÖÎÏÌÔ×áÔÓßááÙàÔáÏàÔá»Ô
×ßàÅtÔÝàÕàÔËÈÖàÔ×áÔÝÕÎ×àÔ×ßàÔÐÕà»àÕÕàÉÔÌàÏÉàÕÔÎÉàÏ×Î×ÆÁ
âßàÔÙàÓáÏÉÔ½ÒàÙ×ÎáÏÔÕàÌËÕÉàÉÔ×ßàÔËÌàÃÔâßÎÙÔáÏàÔÝËÙÔËÌËÎÏÔËÔÅÒÖ×ÎÐÖàÔÓßáÎÓàÔ
½ÒàÙ×ÎáÏ¿ÔÉÎÇÎÉÎÏÌÔ×ßàÔËÌàÙÔÎÏÔÇËÕÎáÒÙÔÕËÏÌàÙÃÔâßàÔÕËÏÌàÙÔÝàÏ×Ô»ÕáÅÔ¾ò&Þòë¼ÔÆàËÕÙÔ
áÖÉÔËÙÔ×ßàÔÆáÒÏÌàÙ×ÔËÌàÔÌÕáÒÐ¿Ô×áÔ¾&¸�¼ÔËÙÔ×ßàÔáÖÉàÙ×ÃÔâßÎÙÔÓßáÎÓàÔËÖÖáÝàÉÔ»áÕÔÉË×ËÔ
àËÙÎÖÆÔÓáÅÐÎÖËÈÖàÁ
âßàÔ×ßÎÕÉÔ½ÒàÙ×ÎáÏÔÝËÙÔËÈáÒ×Ô×ßàÔÓáÒÏ×ÕÆÔá»ÔáÕÎÌÎÏÃÔÑÏÔ×ßÎÙÔÓËÙà¿Ô×ßàÔ½ÒàÙ×ÎáÏÔÝËÙÔ
»áÕÅË××àÉÔÒÙÎÏÌÔËÔÉÕáÐÉáÝÏÔÖÎÙ×¿ÔÎÏÔÝßÎÓßÔËÖÖÔ×ßàÔÓáÒÏ×ÕÎàÙÔáÏÔJËÕ×ßÔÝàÕàÔÎÏÙàÕ×àÉÃÔ
âßÎÙÔÎÙÔËÔÓáÅÅáÏÔ»áÕÅË×Ô»áÕÔÙÎÅÎÖËÕÔ½ÒàÙ×ÎáÏÙ¿ÔËÖÖáÝÎÏÌÔ×áÔÓáÅÐÎÖàÔ×ßàÔËÏÙÝàÕÙÔÎÏÔËÔ
ÙÎÅÐÖàÔÐÎàÔÓßËÕ×Á
âßàÔ»áÒÕ×ßÔËÏÉÔÛÏËÖÔ½ÒàÙ×ÎáÏÔËÙ�àÉÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔ×ßàÎÕÔáÓÓÒÐË×ÎáÏÃÔÑÏÔ×ßÎÙÔÓËÙàÔ
×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔÝàÕàÔÕà½ÒÎÕàÉÔ×áÔËÏÙÝàÕÔÈÆÔÝÕÎ×ÎÏÌÔËÔÙßáÕ×Ô×àº×ÃÔÚßÎÖàÔÎ×ÔÝáÒÖÉÔ
ßËÇàÔÈààÏÔÐáÙÙÎÈÖàÔ×áÔÐÕáÐáÙàÔËÔÅÒÖ×ÎÐÖàÔÓßáÎÓàÔ½ÒàÙ×ÎáÏ¿ÔÌÎÇÎÏÌÔ×ßàÔáÐ×ÎáÏÙÔ
Èà×ÝààÏÔ¾Ù×ÒÉàÏ×¼¿Ô¾ÝáÕ�àÕ¼ÔËÏÉÔËÔÛÏËÖÔáÐàÏÔáÏà¿ÔÙÎÅÎÖËÕÖÆÔ×áÔ×ßàÔÌàÏÉàÕÔ½ÒàÙ×ÎáÏ¿Ô
×ßàÔÕàÙÒÖ×ÙÔ×ßË×ÔÓáÒÖÉÔÓáÅàÔ»ÕáÅÔËÙ�ÎÏÌÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔ×áÔÉàÛÏàÔ×ßàÎÕÔÅËÎÏÔ
áÓÓÒÐË×ÎáÏÔÅËÆÔÈàÔÐËÕ×ÎÓÒÖËÕÖÆÔÎÏ×àÕàÙ×ÎÏÌ¿ÔàÙÐàÓÎËÖÖÆÔÎ»ÔËÔÐËÕ×ÎÓÒÖËÕÔáÓÓÒÐË×ÎáÏÔ
ÝàÕàÔ×áÔÈàÔÅáÕàÔÐÕáÅÎÏàÏ×Ô×ßËÏÔá×ßàÕÙÀ

lÎÙ×Ôá»Ô×ßàÔ½ÒàÙ×ÎáÏÙ¤

�w ÚßË×ÔÌàÏÉàÕÔËÕàÔÆáÒs
�w jáÝÔáÖÉÔËÕàÔÆáÒs
�w ´ÕáÅÔÝßÎÓßÔÓáÒÏ×ÕÆÔËÕàÔÆáÒÔ»ÕáÅs
iw ÚßË×ÔÎÙÔÆáÒÕÔáÓÓÒÐË×ÎáÏp



��

}[EîrãPî/ã:r�:$�/�Ø�ÍÂ[�Ø·
îrf�¬rq�Ø[q® «[:ª�ãrE

³
Ø
r
f
Ø
[

âßàÔÛÕÙ×ÔÐÕáÛÖÎÏÌÔàÖàÅàÏ×ÔÝËÙÔ×ßàÔÉà×àÕÅÎÏË×ÎáÏÔ×ßàÔÌàÏÉàÕÔÉÎÙ×ÕÎÈÒ×ÎáÏÔÎÏÔ×ßàÔ
ÅáÉàÖÔÈÒÎÖÉÎÏÌÔßáÈÈÆÃÔÑÏÔáÕÉàÕÔ×áÔÉáÔ×ßÎÙ¿Ô×ßàÔÙÎÅÐÖàÔ½ÒàÙ×ÎáÏÔ¾ÚßË×ÔÌàÏÉàÕÔËÕàÔ
ÆáÒ¼ÔÝËÙÔÐÕàÙàÏ×àÉÔÛÕÙ×Ô×áÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔ×áÔ×ßàÔÙÒÕÇàÆÁ
âßàÕàÔÝàÕàÔÙáÅàÔÐÕàÉÎÓ×ÎáÏÙ¿ÔÅËÎÏÖÆÔ×áÝËÕÉÙÔËÔÐÕàÉáÅÎÏËÏ×ÖÆÔÐÕàÙàÏÓàÔá»ÔÅËÖàÔ
ßáÈÈÆÎÙ×Ù¿ÔÈÒ×ÔÎ×ÔÝËÙÔÙ×ÎÖÖÔàºÐàÓ×àÉÔ×ßàÔÐÕàÙàÏÓàÔá»Ô»àÅËÖàÔÅáÉàÖÔÈÒÎÖÉàÕÙ¿ÔËÙÔÝàÖÖÔ
ËÙÔÏáÏÞÈÎÏËÕÆÔáÕÔ×ÕËÏÙÌàÏÉàÕÔÎÏÉÎÇÎÉÒËÖÙÀ

âßàÔÕàÙÒÖ×ÙÔÓáÏÛÕÅàÉÔÙËÎÉÔÐÕàÉÎÓ×ÎáÏÙÄÔ×ßàÔÐàÕÓàÏ×ËÌàÔá»ÔÅËÖàÔÅáÉàÖÔÈÒÎÖÉàÕÙÔ
ËÅáÒÏ×àÉÔ×áÔ¹ÊÃ¸¶¿ÔÝßÎÖàÔ»àÅËÖàÔÅáÉàÖÔÈÒÎÖÉàÕÙÔÅËÉàÔÒÐÔµ¶Ôá»Ô×ßàÔ×á×ËÖÔËÏÙÝàÕÙÃÔ
´ÎÏËÖÖÆ¿ÔÏáÏÞÈÎÏËÕÆÔËÏÉÔ×ÕËÏÙÌàÏÉàÕÔßáÈÈÆÎÙ×ÙÔËÅáÒÏ×àÉÔ×áÔÜÃ¸¶Á
ÚßÎÖàÔ×ßÎÙÔÅËÆÔÙààÅÔ×ßË×Ô×ßàÕàÔÎÙÔÙáÅàÔÙáÕ×Ôá»ÔÉÎÙÓÕÎÅÎÏË×ÎáÏÔÎÏÔ×ßàÔÓáÅÅÒÏÎ×ÆÔáÕÔ
ÌàÏàÕËÖÔÓÖáÙÎÏÌÔá»Ô×ßàÔßáÈÈÆÔ×áÝËÕÉÙÔ×ßàÔÖàÙÙÔÕàÐÕàÙàÏ×àÉÔÌàÏÉàÕÙ¿ÔÎ×ÔÎÙÔÎÅÐáÕ×ËÏ×Ô
×áÔÕàÅàÅÈàÕÔ×ßË×Ô×ßàÔßáÈÈÆÔÝËÙÔËÖÝËÆÙÔÅËÎÏÖÆÔ×ËÕÌà×àÉÔ×áÝËÕÉÙÔËÔÅËÖàÔËÒÉÎàÏÓà¿Ô
ÐËÕ×ÎÓÒÖËÕÖÆÔ×áÝËÕÉÙÔÅàÏÔËÏÉÔ×ààÏËÌàÕÙÔÎÏ×àÕàÙ×àÉÔÎÏÔ»ËÏ×ËÙÆÔáÕÔÙÓÎÞÛÔÙà××ÎÏÌÙÃÔ
âßàÕà»áÕà¿ÔÎ×ÔÙßáÒÖÉÔÏá×ÔÈàÔÙÒÕÐÕÎÙÎÏÌÔ×ßË×Ô×ßàÔßáÈÈÆÔßËÙÔËÔÐÕàÉáÅÎÏËÏ×ÔÅËÖàÔ
ÐÕàÙàÏÓàÃ

¬
E
Ø

�Ïá×ßàÕÔ»ËÓ×áÕÔÎÏÔÐÕáÛÖÎÏÌÔ×ßàÔÅáÉàÖÔÈÒÎÖÉÎÏÌÔÓáÅÅÒÏÎ×ÆÔÝËÙÔ×áÔÉà×àÕÅÎÏàÔ×ßàÔ
ËÇàÕËÌàÔËÌà¿ÔÅËÎÏÖÆÔÉÎÇÎÉÎÏÌÔÎ×ÔÎÏÔÕËÏÌàÙÁ
ÚßÎÖàÔÎÏÔ×ßàÔÌàÏÉàÕÔÐÕáÛÖÎÏÌÔ×ßàÕàÔÝËÙÔÙáÅàÔÖàÇàÖÔá»ÔÐÕàÉÎÓ×ÎÏÌÔ×ßàÔÕàÙÒÖ×Ù¿Ô×ßËÏ�ÙÔ
×áÔ×ßàÔ�ÏáÝÏÔ×ËÕÌà×Ôá»Ô×ßàÔßáÈÈÆ¿ÔÎÏÔ×ßàÔÓËÙàÔá»ÔËÌàÔÐÕáÛÖÎÏÌÔ×ßàÕàÔÎÙÔÏáÔÕàËÖÔ
ÎÏÉÎÓË×áÕ¿ÔáÒ×ÙÎÉàÔ×ßàÔÕàÓáÅÅàÏÉàÉÔËÌàÔ»áÕÔ×ßàÔÅáÉàÖÔ�Î×ÙÔËÏÉÔáÒ×ÙÎÉàÔ×ßàÔ»ËÓ×Ô
×ßË×Ô×ßàÔÙÒÕÇàÆÔÝËÙÔÕÒÏÔáÏÔ àÉÉÎ×¿ÔËÔÙáÓÎËÖÔÏà×ÝáÕ�ÔÅáÕàÔÓáÅÅáÏÔÈà×ÝààÏÔÆáÒÏÌÔ
ËÉÒÖ×ÙÁ
âßàÔÕàÓáÅÅàÏÉàÉÔËÌà¿Ô×ßáÒÌß¿ÔÓßËÏÌàÙÔ»ÕáÅÔÅáÉàÖÔ�Î×Ô×áÔÅáÉàÖÔ�Î×¿ÔàÙÐàÓÎËÖÖÆÔ
ÝßàÏÔÓáÅÐËÕÎÏÌÔ×ÝáÔÉÎ»»àÕàÏ×ÔÑ	ÙÃÔ´áÕÔàºËÅÐÖà¿Ôô�÷ð�ÑÔí	Ñ ÑâíÔÅáÉàÖÔ�Î×ÙÔËÕàÔÏá×Ô
ÕàÓáÅÅàÏÉàÉÔ»áÕÔ�ÎÉÙÔÒÏÉàÕÔ×ßÕààÔÆàËÕÙÔáÖÉ¿Ô×ßËÏ�ÙÔ×áÔ×ßàÔÐÕàÙàÏÓàÔá»ÔÙÅËÖÖÔÐËÕ×Ù¿Ô
ÝßÎÓßÔÓËÏÔÈàÔËÔÓßáÓ�ÎÏÌÔßËöËÕÉÃÔ#ËÅàÙÔÚáÕ�ÙßáÐÔÅáÉàÖÔ�Î×¿ÔÎÏÙ×àËÉ¿ÔÎÏÉÎÓË×àÔËÔ
ÅÎÏÎÅÒÅÔËÌàÔá»Ô×ÝàÖÇàÔÆàËÕÙÔáÖÉ¿ÔÈàÓËÒÙàÔá»Ô×ßàÔÏààÉÔá»ÔÌÖÒàÙÔ×áÔ�ààÐÔ×ßàÔ�Î×ÙÔ
ËÙÙàÅÈÖàÉÔËÏÉÔ×ßàÔÏàÓàÙÙÎ×ÆÔá»ÔÐËÎÏ×ÎÏÌÔ×ßàÅÁ
ÑÏÔËÉÉÎ×ÎáÏÔ×áÔ×ßË×¿Ô×ßàÔÙÒÕÇàÆÔÝËÙÔÖËÒÏÓßàÉÔáÏÔËÔÙáÓÎËÖÔÏà×ÝáÕ�¿Ô×ßàÕà»áÕàÔ×ßàÔ
ÅÎÏÎÅÒÅÔËÌàÔÝËÙÔÙà×ÔË×Ôò&ÔÆàËÕÙÔáÖÉÀ

âßàÔÕàÙÒÖ×ÙÔÝàÕàÔÎÏ×àÕàÙ×ÎÏÌÄÔ×ßàÔÅáÙ×ÔÓáÅÅáÏÔËÌàÔÕËÏÌàÔÙàÖàÓ×àÉÔÝËÙÔÈà×ÝààÏÔò¹Ô
ËÏÉÔÜ&ÔÆàËÕÙÔáÖÉ¿ÔÓáÕÕàÙÐáÏÉÎÏÌÔ×áÔËÔÐàÕÓàÏ×ËÌàÔá»ÔÜëÃµ¶ÃÔÚßÎÖàÔ×ßÎÙÔÕàÙÒÖ×ÔÝËÙÔÎÏÔ
ÖÎÏàÔÝÎ×ßÔ×ßàÔËÌàÔÐÕàÉÎÓ×ÎáÏ¿Ô×ßàÔÕàËÖÔÙÒÕÐÕÎÙàÔÓËÅàÔ»ÕáÅÔ×ßàÔÙàÓáÏÉÔÅáÙ×ÔÎÏÉÎÓË×àÉÔ
ËÌàÔÕËÏÌàÄÔèÜÞæÊÔÆàËÕÙÔáÖÉ¿ÔÓáÇàÕÎÏÌÔÜ¸Ã&¶Ôá»Ô×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÃÔÑÏÔËÉÉÎ×ÎáÏÔ×áÔ×ßÎÙ¿Ô×ßàÔ
ËÌàÔÕËÏÌàÔÈà×ÝààÏÔÜ¸ÔËÏÉÔèòÔÆàËÕÙÔáÖÉÔÝËÙÔ×ßàÔ×ßÎÕÉÔÅáÙ×ÔÙàÖàÓ×àÉÔáÐ×ÎáÏ¿ÔÕàËÓßÎÏÌÔ
ÜòÃµ¶Ôá»Ô×ßàÔËÏÙÝàÕÙÃÔâßàÏÔ×ßàÔ»áÒÕ×ßÔÅáÙ×ÔÙàÖàÓ×àÉÔáÐ×ÎáÏÔÝËÙÔ×ßàÔÕËÏÌàÔæòÞ&&Ô
ÆàËÕÙÔáÖÉ¿ÔË×ÔòÜÃ¸¶Ôá»ÔËÏÙÝàÕÙÃÔ´ÎÏËÖÖÆ¿Ô×ßàÔÕËÏÌàÔò&ÞòëÔÓáÕÕàÙÐáÏÉàÉÔ×áÔòÊ¶Ôá»Ô×ßàÔ
ËÏÙÝàÕÙ¿ÔÝßÎÖàÔ×ßàÔáÐ×ÎáÏÔ&¸�ÔáÏÖÆÔÕàÌÎÙ×àÕàÉÔáÏàÔËÏÙÝàÕ¿ÔÊÃæ¶Ôá»Ô×ßàÔ×á×ËÖÁ
âßàÙàÔÕàÙÒÖ×ÙÔÙßáÝÔ×ßË×Ô×ßàÔÐËÙÙÎáÏÔ»áÕÔËÔßáÈÈÆÔÓËÏÔßàÖÐÔÐàáÐÖàÔ»ÕáÅÔËÖÖÔËÌàÙÔ×áÔ
ÓáÅàÔ×áÌà×ßàÕÔËÏÉÔÙßËÕàÔ×ßË×ÔÐËÙÙÎáÏÃÔÑÏÔËÉÉÎ×ÎáÏÔ×áÔ×ßË×¿Ô×ßàÔÕàÙÒÖ×ÙÔÎÏÉÎÓË×àÔ×ßË×Ô
×ßàÔÐá×àÏ×ÎËÖÔ×ËÕÌà×ÙÔ»áÕÔËÔÓáÖÖËÈáÕË×ÎáÏÔÝÎ×ßÔ×ßàÔßáÈÈÆÎÙ×ÙÔÉáàÙÔÏá×ÔÏàÓàÙÙËÕÎÖÆÔ
ÏààÉÔ×áÔÈàÔ»áÓÒÙàÉÔáÏÖÆÔáÏÔËÔÙÅËÖÖÔËÌàÔÌÕáÒÐÃ

0.-,+

2+
6-,+

;r
/[
:
f
Â
?
/ã
:
r

âßàÔÙÒÕÇàÆÔÝËÙÔÉÎÇÎÉàÉÔÎÏÔàÎÌß×ÔÉÎ»»àÕàÏ×ÔÙàÓ×ÎáÏÙ¿ÔàËÓßÔáÏàÔÓáÏÙÎÙ×ÎÏÌÔá»ÔÇËÕÎáÒÙÔ
½ÒàÙ×ÎáÏÙÃÔJËÓßÔÙàÓ×ÎáÏÔÓáÇàÕàÉÔËÔÉÎ»»àÕàÏ×Ô×áÐÎÓ¿ÔÓáÇàÕÎÏÌÔËÖÖÔ×ßàÔáÈFàÓ×ÎÇàÙÔ
ÉàÙÓÕÎÈàÉÔÐÕàÇÎáÒÙÖÆÃÔâßËÏ�ÙÔ×áÔ×ßàÔÉÎÇàÕÙÎ×ÆÔá»Ô�àÆÔÐáÎÏ×ÙÔÎÏÔàËÓßÔáÈFàÓ×ÎÇà¿ÔàËÓßÔ
ÙàÓ×ÎáÏÔÓáÇàÕàÉÔáÏàÔá»Ô×ßàÔ�àÆÔÐáÎÏ×ÙÁ
âßàÔÙÒÕÇàÆÔÓáÏÙÎÙ×àÉÔÎÏÔÈá×ßÔáÐàÏÔ½ÒàÙ×ÎáÏÙ¿ÔÝßàÕàÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔßËÉÔ×áÔÝÕÎ×àÔËÔ
ÙßáÕ×Ô×àº×¿ÔËÏÉÔÅÒÖ×ÎÐÖàÔÓßÎáÓàÔ½ÒàÙ×ÎáÏÙÃÔÑÏÔ×ßàÔÅËFáÕÎ×ÆÔá»Ô×ßàÔÅÒÖ×ÎÐÖàÔÓßáÎÓàÔ
½ÒàÙ×ÎáÏÙÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÔÓáÒÖÉÔáÏÖÆÔÓßááÙàÔáÏàÔËÏÙÝàÕ¿ÔÈÒ×ÔÎÏÔÙáÅàÔ×ßàÕàÔÝËÙÔ×ßàÔ
áÐ×ÎáÏÔ×áÔËÉÉÔËÏÔËÉÉÎ×ÎáÏËÖÔËÏÙÝàÕÔÎ»Ô×ßàÔÐËÕ×ÎÓÎÐËÏ×ÔÉàÓÎÉàÉÔ×áÃÔâßàÕàÔÝàÕàÔËÖÙáÔ
ÙáÅàÔ½ÒàÙ×ÎáÏÙÔÝßàÕàÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔÓáÒÖÉÔÓßááÙàÔÅÒÖ×ÎÐÖàÔáÐ×ÎáÏÙÀ

âßàÔÙÒÕÇàÆÔÝËÙÔÓáÅÐÖà×àÖÆÔËÏáÏÆÅáÒÙ¿ÔÈÒ×ÔËÏÔÎÏÎ×ÎËÖÔÐÕáÛÖÎÏÌÔÙàÓ×ÎáÏÔÝËÙÔËÉÉàÉ¿Ô
ÎÏÔáÕÉàÕÔ×áÔÐËÎÏ×ÔËÔÌàÏàÕÎÓÔÐÎÓ×ÒÕàÔËÈáÒ×Ô×ßàÔÅáÉàÖÔ�Î×ÔÓáÅÅÒÏÎ×ÆÁ
âßàÔÙÒÕÇàÆÔÝËÙÔ×áÔÈàÔËÏÙÝàÕàÉÔÎÏÔJÏÌÖÎÙßÔËÏÉÔÝËÙÔÉàÇàÖáÐàÉÔÒÙÎÏÌÔ×ßàÔ»ÕààÔáÏÖÎÏàÔ
ÙÒÕÇàÆÔÅË�àÕÔ»ÕáÅÔ#ááÌÖà¿Ô#ááÌÖàÔ´áÕÅÃ

}
[E
î
r
ãP
î
/ã
:
r
�:
$�
/�
Ø
�q
Ø
?
/ã
:
r

âßàÔÛÕÙ×ÔÙàÓ×ÎáÏÔá»Ô×ßàÔÙÒÕÇàÆÔÓáÇàÕàÉÔ×ßàÔÌàÏàÕËÖÔÐÕáÛÖÎÏÌÔá»Ô×ßàÔÅáÉàÖÔÅË�ÎÏÌÔ
ÓáÅÅÒÏÎ×ÆÁ
âßÎÙÔÙàÓ×ÎáÏÔÝËÙÔ½ÒÎ×àÔÙßáÕ×ÔËÏÉÔ½ÒÎÓ�Ô×áÔÓáÅÐÎÖà¿ÔÕà½ÒÎÕÎÏÌÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔ×áÔ
ËÏÙÝàÕÔáÏÖÆÔ»áÒÕÔ½ÒàÙ×ÎáÏÙÁ
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½ÒàÙ×ÎáÏ¿ÔÉÎÇÎÉÎÏÌÔ×ßàÔËÌàÙÔÎÏÔÇËÕÎáÒÙÔÕËÏÌàÙÃÔâßàÔÕËÏÌàÙÔÝàÏ×Ô»ÕáÅÔ¾ò&Þòë¼ÔÆàËÕÙÔ
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âßÎÙÔÎÙÔËÔÓáÅÅáÏÔ»áÕÅË×Ô»áÕÔÙÎÅÎÖËÕÔ½ÒàÙ×ÎáÏÙ¿ÔËÖÖáÝÎÏÌÔ×áÔÓáÅÐÎÖàÔ×ßàÔËÏÙÝàÕÙÔÎÏÔËÔ
ÙÎÅÐÖàÔÐÎàÔÓßËÕ×Á
âßàÔ»áÒÕ×ßÔËÏÉÔÛÏËÖÔ½ÒàÙ×ÎáÏÔËÙ�àÉÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔ×ßàÎÕÔáÓÓÒÐË×ÎáÏÃÔÑÏÔ×ßÎÙÔÓËÙàÔ
×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔÝàÕàÔÕà½ÒÎÕàÉÔ×áÔËÏÙÝàÕÔÈÆÔÝÕÎ×ÎÏÌÔËÔÙßáÕ×Ô×àº×ÃÔÚßÎÖàÔÎ×ÔÝáÒÖÉÔ
ßËÇàÔÈààÏÔÐáÙÙÎÈÖàÔ×áÔÐÕáÐáÙàÔËÔÅÒÖ×ÎÐÖàÔÓßáÎÓàÔ½ÒàÙ×ÎáÏ¿ÔÌÎÇÎÏÌÔ×ßàÔáÐ×ÎáÏÙÔ
Èà×ÝààÏÔ¾Ù×ÒÉàÏ×¼¿Ô¾ÝáÕ�àÕ¼ÔËÏÉÔËÔÛÏËÖÔáÐàÏÔáÏà¿ÔÙÎÅÎÖËÕÖÆÔ×áÔ×ßàÔÌàÏÉàÕÔ½ÒàÙ×ÎáÏ¿Ô
×ßàÔÕàÙÒÖ×ÙÔ×ßË×ÔÓáÒÖÉÔÓáÅàÔ»ÕáÅÔËÙ�ÎÏÌÔ×ßàÔÐËÕ×ÎÓÎÐËÏ×ÙÔ×áÔÉàÛÏàÔ×ßàÎÕÔÅËÎÏÔ
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ÝàÕàÔ×áÔÈàÔÅáÕàÔÐÕáÅÎÏàÏ×Ô×ßËÏÔá×ßàÕÙÀ

lÎÙ×Ôá»Ô×ßàÔ½ÒàÙ×ÎáÏÙ¤

�w ÚßË×ÔÌàÏÉàÕÔËÕàÔÆáÒs
�w jáÝÔáÖÉÔËÕàÔÆáÒs
�w ´ÕáÅÔÝßÎÓßÔÓáÒÏ×ÕÆÔËÕàÔÆáÒÔ»ÕáÅs
iw ÚßË×ÔÎÙÔÆáÒÕÔáÓÓÒÐË×ÎáÏp
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6°·Ç»Ã¾È¯¦¶��¼�¦¶�°¦»È¼��Ã¼¦�¾¶�¦¶��¦°¶��Ã¦°È�¼©¦¾¶¦¼��·¼¦¶�»¶¦µ�¼¼¦³°·Çµ��¦Â¼�¼©¦
µ¾²�¦¯»Ç¦Íµµ¾È¯¦»È¸¦É»¼¾È¯¦·»¶�Ã¾»µ¦¸°¦È°¶¦¾È¶�Ã�¼¶¦¶��¦³°··ÂÈ¾¶´¦»¼¦·Â³�«¦��¾¼¦
¸°�¼¦·»²�¦¼�È¼�©¦¼¾È³�¦¾¶¦¾¼¦Ç°¼¼¾Éµ�¦¶°¦ÍÈ¸¦°¶��Ã¦ÇÃ°¸Â³¶¼¦¶�»¶¦³»È¦³°Ë�Ã¦¶�°¼�¦
È��¸¼«¦ÀÈ¦Ç»Ã¶¾³Âµ»Ã©¦É»¼¾È¯¦·»¶�Ã¾»µ¦¾¼¦»¦·»Ã²�¶¦�¾¶�¦»¦µ»Ã¯�¦Ë»Ã¾�¶´¦°¿¦°Ç¶¾°È¼©¦¿Ã°·¦
¼»È¸¦°¿¦Ë»Ã¾°Â¼¦¯Ã»¾È¦¶°¦¿»²�¦¯Ã»¼¼¦¶Â¿¶¼¦»È¸¦¿»²�¦½°��Ã¼¦»È¸¦Çµ»È¶¼
Ì�¾µ�¦»È»µ´¼¾È¯¦¶��¦°¶��Ã¦·�¶�°¸¼¦¶�»¶¦¼°·�¦Ç»Ã¶¾³¾Ç»È¶¼¦µ¾¼¶�¸©¦¾¶¦»ÇÇ�»Ã�¸¦¶�»¶¦
Ã»Ã�µ´¦ÃÂÈÈ�Ã¼¦»Ã�¦»µ¼°¦Â¼�¸¦¾È¦¶��¦Ç»¾È¶¾È¯¦¼¶»¯�¦°¿¦¶��¦�°ÉÉ´©¦Â¼Â»µµ´¦�¾¶��Ã¦¶°¦¶�¼¶¦
Ç»¾È¶¼¦°Ã¦¶°¦�°µ¸¦¼·»µµ�Ã¦³°·Ç°È�È¶¼¬

���¦ÍÈ»µ¦�Â�¼¶¾°È¦»É°Â¶¦¶��¦Ã�Â¼�¦°¿¦ÃÂÈÈ�Ã¼¦�»¼¦»¦¼¾·Çµ�¦´�¼¦°Ã¦È°¦°È�©¦»¼²¾È¯¦
¶��¦Ç»Ã¶¾³¾Ç»È¶¼¦¾¿¦¶��´¦��Ã�¦¾È¶�Ã�¼¶�¸¦¾È¦Ã�Â¼¾È¯¦»¦µ»Ã¯�Ã¦�Â»È¶¾¶´¦°¿¦ÃÂÈÈ�Ã¼«¦
ÀÈ¶�Ã�¼¶¾È¯µ´¦�È°Â¯�©¦¶��¦»È¼��Ã¼¦��Ã�¦·°¼¶µ´¦Ç°¼¾¶¾Ë�©¦Ã�»³�¾È¯¦�§«¤¦°¿¦¶��¦¶°¶»µ«¦
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ÇÃ°Ë¾¸¾È¯¦»È¦»µ¶�ÃÈ»¶¾Ë�¦¶°¦¶�Ã°�¾È¯¦»�»´¦ÃÂÈÈ�Ã¼¦»È¸¦Ã�Â¼¾È¯¦¶��·¦¾È¦»È°¶��Ã¦
�»´¦³°Âµ¸¦¾È¶�Ã�¼¶¦·°¸�µ¦·»²�Ã¼©¦�¼Ç�³¾»µµ´¦¶��¦°È�¼¦¶�»¶¦¸°¦È°¶¦Ã�Â¼�¦¶��¦ÃÂÈÈ�Ã¼¦
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���¦Ã�¼Âµ¶¼¦°¿¦¶�¾¼¦¼�³¶¾°È¦°¿¦¶��¦¼ÂÃË�´¦·»È»¯�¸¦¶°¦¸�Ë�µ°Ç¦¿ÂÃ¶��Ã¦¶��¦Ç�Ã¼°È»¼©¦
É´¦»µµ°�¾È¯¦¶°¦�¼¶»Éµ¾¼�¦¶��¾Ã¦³°ÈÈ�³¶¾°È¦�¾¶�¦¶��¦�»¼¶�¦¿Ã°·¦¶��¦·°¸�µ¦²¾¶¼«S
���¦Ç�Ã¼°È»¼¦�¾µµ¦É�¦¼°·�°È�¦¶�»¶¦¼°·�¶¾·�¼¦¶�Ã°�¼¦»�»´¦¶��¦É°�¦¶��¦·°¸�µ¦²¾¶¦
³»·�¦¾È©¦¶�»È²¼¦¶°¦»¦µ»³²¦°¿¦¼Ç»³�©¦²��Ç¾È¯¦¾È¼¶�»¸¦°Èµ´¦¶��¦°È�¼¦�¾¶�¦»¦Ç»Ã¶¾³Âµ»Ãµ´¦
³»Ç¶¾Ë»¶¾È¯¦É°�¦»Ã¶«¦���´¦»Ã�¦»µ¼°¦²��Ç¾È¯¦Ç»Ã¶¦°¿¦¶��¦ÃÂÈÈ�Ã¼©¦µ¾·¾¶¾È¯¦¶��·¼�µË�¼¦
¶°¦°È�¼¦°Ã¦Ç»Ã¶¼¦°¿¦°È�¼©¦¶�»¶¦³»È¦É�¦Â¼�¿Âµ¦¾È¦¶��¾Ã¦ÇÃ°¨�³¶¼«¦�Ë�È¦¼°©¦¶��´¦»Ã�¦È°¶¦
»µ�»´¼¦»Éµ�¦¶°¦Ã�Â¼�¦µ»Ã¯�¦»·°ÂÈ¶¼¦°¿¦ÃÂÈÈ�Ã¼¦»È¸¦�°Âµ¸¦µ¾²�¦¶°¦¸°¦¼°¦·°Ã�¦°¿¶�È¬

ÀÈ¦»¸¸¾¶¾°È¦¶°¦¶��¦³°È¶Ã¾ÉÂ¶¾°È¦¶°¦¶��¦Ç�Ã¼°È»¼©¦¶�¾¼¦¼�³¶¾°È¦°¿¦¶��¦¼ÂÃË�´¦·»È»¯�¸¦
¶°¦��µÇ¦¸�ÍÈ�¦¶��¦·°¸�µ¦ÉÂ¾µ¸¾È¯¦³°··ÂÈ¾¶´¦»¼¦°È�¦¶�»¶¦¸°�¼¦¼��·¦¶°¦É�¦
¾È¶�Ã�¼¶�¸¦¾È¦Ã�¸Â³¾È¯¦�»¼¶�©¦»¶¦µ�»¼¶¦Ç»Ã¶¾»µµ´©¦É´¦Ã�Â¼¾È¯¦Ç»Ã¶¦°¿¦¶��¦Ç»³²»¯¾È¯¦
·°¸�µ¦²¾¶¼¦³°·�¦¾È«¦��»¶¦¼»¾¸©¦¾¶¦¾¼¦¼¶¾µµ¦»È¦�¿¿°Ã¶¦·»¸�¦É´¦ÇÃ¾Ë»¶�¦·�·É�Ã¼¦°¿¦
¼°³¾�¶´©¦��¾³�¦Ã�¸Â³�¼¦¶��¦�¿¿�³¶¾Ë�È�¼¼¦¶�»¶¦¾¶¦·»´¦�»Ë�«¦ÀÈ¦¶��¦µ»¶�Ã¦¼�³¶¾°È¼¦°¿¦
¶��¦¼ÂÃË�´¦¾¶¦�¾µµ¦É�¦Ë�Ã´¦¾È¶�Ã�¼¶¾È¯¦¶°¦»È»µ´¼�¦�°�¦¶��¦³°··ÂÈ¾¶´¦¿�µ¶¦¶°�»Ã¸¼¦
�³°	¿Ã¾�È¸µ´¦�¿¿°Ã¶¼¦¿Ã°·¦¶��¦·°¸�µ¦·»²¾È¯¦³°·Ç»È¾�¼¦»È¸¦¾¿¦¶��¦·°¸�µ¦ÉÂ¾µ¸�Ã¼¦
�°Âµ¸¦É�¦�¾µµ¾È¯¦¶°¦Ç»Ã¶¾³¾Ç»¶�¦¾È¦�³°	¿Ã¾�È¸µ´¦¾È¾¶¾»¶¾Ë�¼«
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���¦ÍÈ»µ¦Ç»Ã¶¦°¿¦¶�¾¼¦¼�³¶¾°È¦°¿¦¶��¦¼ÂÃË�´¦¿ÂÈ³¶¾°È�¸¦»¼¦»¦�»´¦¶°¦³°·Çµ�¶�¦¶��¦
ÂÈ¸�Ã¼¶»È¸¾È¯¦°¿¦¶��¦Ã�µ»¶¾°È¼�¾Ç¦É�¶���È¦�°ÉÉ´¾¼¶¼¦»È¸¦¶��¦�·Ç¶´¦ÃÂÈÈ�Ã¼¦¶�»¶¦
³°·Ç°¼�¦¶��¦Çµ»¼¶¾³¦�»¼¶�¦¿Ã°·¦¶��¦�°ÉÉ´
Ì�¾µ�¦�¾¶�¦¶��¦ÇÃ�Ë¾°Â¼¦�Â�¼¶¾°È¼¦¾¶¦�»¼¦Ç°¼¼¾Éµ�¦¶°¦¸�Ë�µ°Ç¦»¦¯�È�Ã»µ¦¾¸�»¦°¿¦¶��¦
»·°ÂÈ¶¦°¿¦Çµ»¼¶¾³¦�»¼¶�¦¾È¦ÃÂÈÈ�Ã¼¦¶�»¶¦¶��¦·°¸�µ¦ÉÂ¾µ¸�Ã¼¦²��Ç©¦¶��¦°É¨�³¶¾Ë�¦°¿¦
¶��¦¿°µµ°�¾È¯¦�Â�¼¶¾°È¼¦¾¼¦¶°¦ÂÈ¸�Ã¼¶»È¸¦�°�¦·Â³�¦°¿¦¶�»¶¦�»¼¶�¦¯�¶¼¦Ã�Â¼�¸¦É´¦
¶��¦·°¸�µ¦ÉÂ¾µ¸�Ã¼©¦�°�¦»È¸©¦ÍÈ»µµ´©¦¾¿¦¶��´¦»Ã�¦³°È¶�È¶¦�¾¶�¦¶��¦»·°ÂÈ¶¦Ã�Â¼�¸¬

���¦³°··ÂÈ¾¶´¦»È¼��Ã�¸¦¾È¦»È¦¾È¶�Ã�¼¶¾È¯¦�»´¦¶°¦¶��¦�Â�¼¶¾°È¦»É°Â¶¦¶��¦»·°ÂÈ¶¦
°¿¦�·Ç¶´¦ÃÂÈÈ�Ã¼¦¶�»¶¦¶��´¦·»È»¯�¦¶°¦Ã�Â¼�«¦���¦Ë»¼¶¦·»¨°Ã¾¶´¦»È¼��Ã�¸¦�µ�¼¼¦¶�»È¦
§Å¤¢©¦��¾³�¦�»¼¦¼�µ�³¶�¸¦¡¡«Æ¤¦°¿¦¶��¦¶¾·�«¦���¦°¶��Ã¦°Ç¶¾°È¼¦��Ã�¦¼�µ�³¶�¸¦µ�¼¼¦
»È¸¦µ�¼¼¦»¼¦¶��¦ÇÃ°Ç°¼�¸¦Ç�Ã³�È¶»¯�¦¾È³Ã�»¼�¸©¦�¾¶�¦¶��¦¼�³°È¸¦·°¼¶¦³�°¼�È©¦
�§Å	ºÅ¤¢¦Ã�»³�¾È¯¦°Èµ´¦§Æ«�¤¦°¿¦¶��¦¶°¶»µ¦»È¼��Ã¼
��¾¼¦¶Ã�È¸¦¼�°�¼¦¶�»¶¦��¾µ�¦¶��Ã�¦¾¼¦¾È¶�Ã�¼¶¦¾È¦Ã�Â¼¾È¯¦¶��¦ÃÂÈÈ�Ã¼©¦¶��¦·»¨°Ã¾¶´¦°¿¦
¶��¦·°¸�µ¦ÉÂ¾µ¸¾È¯¦³°··ÂÈ¾¶´¦�¾¶��Ã¦¸°�¼¦È°¶¦¸°¦¶�»¶¦·Â³�«¦��¾¼¦³°Âµ¸¦É�¦É»¼�¸¦
°È¦Ë»Ã¾°Â¼¦¿»³¶°Ã¼©¦µ¾²�¦¶��¦¸¾¿Í³Âµ¶´¦¾È¦»¸»Ç¶¾È¯¦¶��¦Ç¾�³�¼¦°¿¦ÃÂÈÈ�Ã¼¦¶°¦¶��¦
ÇÃ°¨�³¶¼¦°Ã¦»¦µ»³²¦°¿¦²È°�µ�¸¯�¦°¿¦�°�¦¶°¦Ã�Â¼�¦¶��·«¦ÀÈ¦»¸¸¾¶¾°È¦¶°¦¶�»¶©¦¶��Ã�¦¾¼¦
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�»³�¦³°·Ç°È�È¶¦°¿¦¶��¦·°¸�µ¦²¾¶©¦��¾µ�¦»µ¼°¦»Ë°¾¸¾È¯¦»È¦��³�¼¼¾Ë�¦¸¾»·�¶�Ã¦¿°Ã¦¶��¦
¼�³¶¾°È¼¦°¿¦¶��¦ÃÂÈÈ�Ã«¦��¾¼¦·»²�¼¦¼°¦¶�»¶©¦¾È¦¼°·�¦³»¼�¼¦��«¯«¦�»·�¼¦Ì°Ã²¼�°Ç¦
·°¸�µ¦²¾¶¼¥©¦¶��¦ÃÂÈÈ�Ã¼Î¦¼�»Ç�¦»È¸¦¸¾»·�¶�Ã¦³°Âµ¸¦¸¾¿¿�Ã¦¿Ã°·¦»¦·°¸�µ¦²¾¶¦¶°¦
»È°¶��Ã©¦·»²¾È¯¦·°Ã�¦¸¾¿Í³Âµ¶¦¶��¾Ã¦Â¼�¦°È¦ÇÃ°¨�³¶¼©¦�¼Ç�³¾»µµ´¦¾¿¦¶��¦¼�³¶¾°È¼¦°¿¦¶��¦
ÃÂÈÈ�Ã¼¦È��¸¦¶°¦É�¦Â¼�¸¦¾È¦»¦¼Ç�³¾Í³¦�»´¬
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¶��¦�Â�¼¶¾°È¦¶��Ã�¦��Ã�¦Ë»Ã¾°Â¼¦°Ç¶¾°È¼¦¿°Ã¦¶��¦Ç»Ã¶¾³¾Ç»È¶¼¦¶°¦³�°°¼�«¦�»³�¦°Ç¶¾°È¦
¾¼¦»¦³°··°È¦�»´¦»¼¦¼��È¦¾È¦¶��¦³°··ÂÈ¾¶¾�¼¦°È¦¼°³¾»µ¦È�¶�°Ã²¼«¦�
»¼¾È¯¦·»¶�Ã¾»µ¢¦
·�»È¶¦¶�»¶¦¶��¦ÃÂÈÈ�Ã¼¦»Ã�¦Â¼�¸¦¶°¦¸�³°Ã»¶�¦¶��¦É»¼�¼¦°¿¦¼°·�¦·°¸�µ¦²¾¶¼©¦µ¾²�¦
�»·�¼¦Ì°Ã²¼�°Ç¦°È�¼©¦��¾³�¦Â¼Â»µµ´¦³°·�¦°È¦Ë»Ã¾°Â¼¦¼¾ �¸¦É»¼�¼«¦��¾¶É»¼�¾È¯Á
¼³Ã»¶³�ÉÂ¾µ¸¾È¯¦·»¶�Ã¾»µ¢¦·�»È¶¦¶�»¶¦¶��¦ÃÂÈÈ�Ã¼¦»Ã�¦Â¼�¸¦»¼¦Ç»Ã¶¦°¿¦²¾¶É»¼�¾È¯¦
ÇÃ°¨�³¶¼«¦��»Ç¦Íµµ�Ã¦»¿¶�Ã¦·�µ¶¾È¯¢¦·�»È¶¦¶��¦¶Ã»È¼¿°Ã·»¶¾°È¦°¿¦¼°µ¾¸¦Çµ»¼¶¾³¦ÃÂÈÈ�Ã¼¦
¾È¶°¦»¦¼µ¾·�	µ¾²�¦µ¾�Â¾¸¦»¿¶�Ã¦¶��´¦»Ã�¦¸¾¼¼°µË�¸¦¾È¦»³�¶°È�«¦��¾¼¦·»¶�Ã¾»µ¦¾¼¦¶��È¦Â¼�¸¦
¶°¦³µ°¼�¦Ç°¼¼¾Éµ�¦¯»Ç¼¦¾È¦¶��¦·°¸�µ¦²¾¶¼«¦ª¾È»µµ´©¦�»µµ¦°¿¦¶��¦»É°Ë�¢¦�»¼¦¶��¦°Ç¶¾°È¦¿°Ã¦
Ç»Ã¶¾³¾Ç»È¶¼¦¶�»¶¦Â¼�¦¶��¦ÃÂÈÈ�Ã¼¦¾È¦»µµ¦°¿¦¶��¦ÇÃ�Ë¾°Â¼µ´¦·�È¶¾°È�¸¦·�¶�°¸¼«¦ÀÈ¦
»¸¸¾¶¾°È¦¶°¦¶��¼�¦°Ç¶¾°È¼©¦»È¦°Ç�È¦°È�¦�»¼¦µ�¿¶¦¿°Ã¦¶��¦·°¸�µ¦ÉÂ¾µ¸�Ã¼¦¶°¦»¸¸¦¶��¾Ã¦
°�È¦Â¼»¯�
���¦·°¼¶¦¼�µ�³¶�¸¦°Ç¶¾°È¦�»¼¦�»µµ¦°¿¦¶��¦»É°Ë�¢©¦Ã�¯¾¼¶�Ã¾È¯¦»¦¶°¶»µ¦°¿¦º§«º¤¦°¿¦¶��¦
¶°¶»µ«¦���¦¼�³°È¸¦�»¼¦�²¾¶É»¼�¾È¯Á¼³Ã»¶³�ÉÂ¾µ¸¾È¯¦·»¶�Ã¾»µ¢©¦��¾³�¦�»¼¦¼�µ�³¶�¸¦
§�«¡¤¦°¿¦¶��¦¶¾·�«¦���¼�¦¶�°¦°Ç¶¾°È¼¦¼�°�¦¶�»¶¦¶��¦³°··ÂÈ¾¶´¦¸°�¼¦¼��·¦¶°¦
·»È»¯�¦¶°¦Â¼�¦¾È¦»¦Ë»Ã¾�¶´¦°¿¦�»´¼¦¶��¦ÃÂÈÈ�Ã¼©¦¶�Â¼¦¼µ¾¯�¶µ´¦³°È¶Ã»¼¶¾È¯¦�¾¶�¦¶��¦
ÇÃ�Ë¾°Â¼¦Ã�¼Âµ¶¼«¦À¶¦³°Âµ¸¦·�»È©¦¶�°Â¯�©¦¶�»¶¦¼¾È³�¦°È�¦°¿¦¶��¦·°¼¶¦³°··°È¦Â¼�¼¦¾¼¦
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�ÅÆ�ºÆ°½©¨°���Â�ºªÆ¾�¨ÅÆ°Æ�°½°Á����Â°¯�°Å�¥�Â¹�¨Å²¨�¡¡µÃ ��³�¨ÅÆ�Á²º¨���Á²Â¨°�
¥�½©¾��²ºÆ�²¬�½¨�¨ÅÆ°Æ�Æ³³�º¨°¯�¥Å�©Æ��Â©����µ� �¥�½©¾�Â�¨·

�ÅÆ�°Æ��Â¾�½Æ°¨��Â��Â�¨ÅÆ�¨�Á����³�¨ÅÆ�Æ³³Æ�¨°�¨Å²¨�Æ��Ä³º�ÆÂ¾©��Æ³³�º¨°�¥�½©¾�Å²«Æ�
�Â�¨ÅÆ�ÁÆº�ÆÁ¨��Â��³�¨ÅÆ���ªÁ²Â�Æ°�²°�Æ¾�¨ÅÆ�Á²º¨���Á²Â¨°��³�°²�¾�Æ³³�º¨°�¥�½©¾�
�Â1½ÆÂ�Æ�¨ÅÆª��Â�Á½º�Å²°�Â¹�ª�¾Æ©���¨°�³º�ª�¨Å²¨���ªÁ²Â�µ��ÅÆ�ºÆ°½©¨°�¥ÆºÆ�«Æº��
�Â¨ÆºÆ°¨�Â¹X��Â�¨Å�°��²°Æ¯�¨ÅÆ�ª²��º�¨���³�Á²º¨���Á²Â¨°��Â¾��²¨Æ¾�¨Å²¨�¨ÅÆ��¥�½©¾�Â�¨�
¬Æ��Â1½ÆÂ�Æ¾¯�°Æ©Æ�¨�Â¹�®Â�§�¢�µÃ ��³�¨ÅÆ�¨�ªÆ¯�¥Å�©Æ�Ã¡µ� ��³�¨ÅÆ�ª�¾Æ©�¬½�©¾Æº°�
�Â°¨Æ²¾�°Æ©Æ�¨Æ¾�®�Æ°§µ�.Å�©Æ�¨ÅÆ�ºÆ°½©¨°�¾�¾�°¥�¨�Å¯�¨ÅÆ�¾�³³ÆºÆÂ�Æ�¬Æ¨¥ÆÆÂ�¨ÅÆ�¨¥��
²Â°¥Æº°�¥²°�Â�¨�²°�Æ�¨ºÆªÆµ��Å�°�ª²���Â¾��²¨Æ�¨Å²¨�¨ÅÆ�²¾�Á¨��Â��³�Æ��Ä³º�ÆÂ¾©��
Æ³³�º¨°�ª²��Å²«Æ�²�Á�°�¨�«Æ�Æ³³Æ�¨��Â�°²©Æ°¯�¨Å�½¹Å�¨ÅÆ�Áº�¾½�¨°�²Â¾�¨ÅÆ�¾Æ°�¹Â°�
¥�½©¾�°¨�©©�ÂÆÆ¾�¨��¬Æ�Å�¹Å�½²©�¨���Â��º¾Æº�¨���Â¨ÆºÆ°¨�¨ÅÆ�ª²��º�¨���³�ª�¾Æ©�
¬½�©¾Æº°·

�ÅÆ��Â²©�Æ©ÆªÆÂ¨�¨��½Â¾Æº°¨²Â¾�¨ÅÆ�Æ³³Æ�¨°��³�Æ��Ä³º�ÆÂ¾©��Æ³³�º¨°�¥²°�¨ÅÆ��Å²Â¹Æ°�
�Â��Á�Â��Â��³�²���ªÁ²Â�¶
�Å�°�½Æ°¨��Â�¥²°�¾�«�¾Æ¾��Â�¨¥��°ÆÁ²º²¨Æ�½Æ°¨��Â°¯��ÂÆ�²°��Â¹��³�¨ÅÆ��Á�Â��Â�
¥�½©¾�¬Æ��Â1½ÆÂ�Æ¾�²Â¾�¨ÅÆ��¨ÅÆº��³�¨ÅÆ��Å²Â¹Æ�¥�½©¾�¬Æ�Á�°�¨�«Æ��º�ÂÆ¹²¨�«Æ¶
�ÅÆ��º°¨�²Â°¥Æº�°Å�¥Æ¾�²�©²º¹Æ�²ª�½Â¨��³�Á²º¨���Á²Â¨°�°¨²¨�Â¹�¨Å²¨�¨ÅÆ�º��Á�Â��Â�
¥�½©¾��Å²Â¹Æ¯�¥�¨Å�¡¿µM ��³�¨ÅÆª�°Æ©Æ�¨�Â¹�®�Æ°§�²¹²�Â°¨��¸µ¡ �°Æ©Æ�¨�Â¹�®Â�§µ
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�|~kv�s|kt~lsm�jk��ks|~ktqoy~hk��lqt~ek�jks|~kqt~okzdts~ko~l�y~ohkmjmsmdsmy~kdjek
l�y~o~ek�j~k��ks|~kw~hki�mjstk��ks|~kcpjs~o~tskmjks|~kt�aqsm�jt`k�x_~lsmy~^
�|~kZq~tsm�jtkmjks|mtkt~lsm�jkz~o~kqt~eks�kqje~otsdjeks|~kmjs~o~tsks|dskf�e~ak
xqmae~otkz�qaek|dy~kmjkidosmlmidsmjYkmjkdjkmjmsmdsmy~kmjkz|ml|k~fishkoqjj~otkz~o~k
o~l�y~o~ek�o�fks|~kqt~ot]k�|~kZq~tsm�jtkodjY~ek�o�fkdtwmjYkz|~s|~oks|~kf�e~ak
xqmae~otkz�qaekidosmlmids~kmjks|~kmjmsmdsmy~bks�kdtwmjYkz|~s|~okmjl~jsmy~tkz�qaek
mjs~o~tsks|~fkf�o~kmjktdmekmjmsmdsmy~bks�k|�zk��s~jks|~hkz�qaekidosmlmids~bks�kz|~o~k
s|~hkz�qaekio~�~okxomjYks|~k~fishkoqjj~otkdjekz|h[

�|~kvotskZq~tsm�jbkdkh~tk�okj�k�j~bkdtw~eks|~kidosmlmidjstkm�ks|~hkz~o~kmjs~o~ts~ekmjk
iqol|dtmjYkf�e~akwmstkfde~kzms|ko~lhla~ekiadtsml]ku|ma~ks|mtkZq~tsm�jkmtkj�sk
i~o�~lsahkmjkamj~kzms|ks|~k��aa�zmjYk�j~tbkmskmtkamjw~eks�ks|~kmjmsmdsmy~bktmjl~kmjks|~k
{qjiadkn~lhlamjYkXo�_~lskldt~ktsqehks|dskzmaakx~kdjdaht~ekf�o~kmjke~is|kmjks|~kj~Wsk
l|dis~obks|~ko~l�y~o~ekoqjj~otkzmaakx~ko~qt~ekxhkio�eqlmjYkf�e~akwmstkmjko~lhla~ek
X�ahtsho~j~[

�|~kZq~tsm�jtk�o�fks|~kt~l�jeks�ks|~kv�s|k�j~kdo~k��lqt~ek�jks|~kmjmsmdsmy~^
�|~kt~l�jekZq~tsm�jbkdkh~tk�okj�k�j~bkamw~ks|~k��aa�zmjYksz�bkdtw~eks|~kf�e~ak
xqmae~otkm�ks|~hkz~o~kzmaamjYks�kYmy~kdzdhk~fishkoqjj~otkm�ks|dsko~eql~eks|~kiadtsmlk
zdts~kdjeks|~kqtdY~k��kymoYmjkfds~omdakmjks|~kio�eqlsm�jk��kf�e~akwmst]k�|~ks|moek
Zq~tsm�jbks|~jbkdtw~eks|~kf�e~akxqmae~otkm�ks|~hkz~o~kmjs~o~ts~ekmjkidosmlmidsmjYkmjk
dkqt~okzdts~ko~l�y~ohkmjmsmdsmy~]k�|~jbks|~k��qos|kZq~tsm�jkdtw~ekm�ks|~kio~t~jl~k��k
mjl~jsmy~tkz�qaekl�jymjl~ks|~kf�e~akxqmae~otkmjkidosmlmidsmjYkmjks|~kmjmsmdsmy~]kpjk
s|mtkZq~tsm�jtbks|~kdydmadxa~kdjtz~otkz~o~kch~t`bkcj�`kdjekcfdhx~`^
�|~kv�s|kZq~tsm�jkzdtkdYdmjko~ads~eks�ks|~kmjl~jsmy~tbkYmymjYkdk�~zk~Wdfia~tkdjek
daa�zmjYks|~kidosmlmidjstks�kx�s|kl|��t~kfqasmia~k�ism�jtkdjekdeemjYk�j~k��ks|~mok
�zjbkzms|kdjk�i~jktidl~^
�|~t~kZq~tsm�jtk|deks|~kY�dak��ktl�qsmjYks|~kY~j~odakmjs~o~tsk��ks|~kf�e~akxqmae~otk
s�zdoetkdktmfmadokmjmsmdsmy~bks�Y~s|~okzms|kYdmjmjYkdjkqje~otsdjemjYk��kz|ml|k
mjl~jsmy~tkl�qaekx~kf�o~k~��~lsmy~kmjkmjlo~dt~ks|~kzmaamjYj~ttkmjkidosmlmidsmjY[

�|~ktmWs|kZq~tsm�jkzdtko~ads~eks�kdka�ldsm�jkio~�~o~jl~]kVhkYmymjYks|~k�ism�jtk��k
xomjYmjYks|~koqjj~otk~ms|~oks�kdke~emlds~ek|qxk�oks�ks|~mokio~�~oo~ek|�xxhkts�o~bkmsk
zdtki�ttmxa~ks�k|dy~kdkxdtmtk�jkz|ml|ke~y~a�ikdko~l�y~ohkj~sz�ow[

�|~kt~y~js|kZq~tsm�jkdjeks|~k��aa�zmjYksz�kz~o~ko~ads~eks�k|�zkfdjhkoqjj~otks|~k
f�e~akxqmae~otkz�qaekxomjYks�ks|~ko~l�y~ohki�mjstkdjek|�zk��s~j]k�|~kt~y~js|k
Zq~tsm�jkdtw~eky~ohkY~j~odaahkm�ks|~kf�e~akxqmae~otkz�qaekxomjYkdaak��ks|~k~fishk
oqjj~otks�ks|~ko~l�y~ohki�mjstbkz|ma~ks|~k~mY|skZq~tsm�jkzdtk�i~jbkdtwmjYk��oks|~k
o~dt�jkz|hkj�s]k�|~kdjtz~okzdtko~Zqmo~eks�kx~kdkt|�osks~Wsbkdaa�zmjYks|~k
idosmlmidjstkmjks|~ktqoy~hks�kx~ss~okl�ffqjmlds~ks|~ko~dt�j^
�|~kjmjs|kZq~tsm�jkdtw~eks|~kf�e~akxqmae~otk|�zk��s~jks|~hkz�qaekxomjYks|~k
~fishkoqjj~ot]kpjks|mtkldt~bks|~kdjtz~otkYdy~k~Wdfia~tbkamw~kc�jl~kdkz~~w`k�okc�jahk
z|~jkY�mjYkxqhmjYk�s|~okf�e~akwmst`]kpjkdeemsm�jks�ks|~t~k�ism�jtbkdjk�i~jkdjtz~ok
zdtkdydmadxa~bkmjk�oe~oks�kdaa�zks|~kidosmlmidjstks�kmjemlds~kdkf�o~kio~lmt~k�lldtm�jk
z|~jks|~hkz�qaekxomjYks|~koqjj~ot] ?
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�|~t~kZq~tsm�jtk|deks|~k�x_~lsmy~ks�kidmjskdko~adsmy~ahkio~lmt~kimlsqo~k��ks|~k
i�s~jsmdakidosmlmidsm�jk��ks|~kf�e~akxqmae~otkmjkdkqt~okzdts~ko~l�y~ohkmjmsmdsmy~bk
z|ml|kz�qaekdaa�zks�ke~vj~ks|~ksmfmjYk��oks|~kydom�qtk~a~f~jstkmjkdkj~zkj~sz�ow[

�|~k��aa�zmjYk��qokZq~tsm�jk'�o�fks|~ks~js|ks�ks|~ks|mos~~js|�kdtw~eks|~kf�e~ak
xqmae~otkm�kdjekz|hkidosmlmidsmjYkmjkdkqt~okzdts~ko~l�y~ohkmjmsmdsmy~kz�qaekmj+q~jl~k
s|~mokidosmlmidsm�jkmjks|~k|�xxh^
�|~ks~js|kdjek~a~y~js|kZq~tsm�jtkdtw~eks|~kf�e~akxqmae~otkm�kidosmlmidsmjYkmjks|~k
mjmsmdsmy~kz�qaek|~aiks|~fko~eql~ks|~mokxdlwa�Ybkz|ma~ks|~ksz~a�s|kdjeks|mos~~js|k
Zq~tsm�jtkdtw~eks|~ktdf~kdx�qsks|~kf�e~akxqmae~otkiqol|dtmjYkf�o~kf�e~akwmst]�
pjkx�s|kldt~tks|~ks~js|kdjeksz~a�s|kZq~tsm�jtkz~o~ktmfia~kh~tk�okj�k�j~tbkz|ma~ks|~k
~a~y~js|kdjeks|mos~~js|kZq~tsm�jtko~Zqmo~ekdkt|�osks~Wskdtkdjkdjtz~obkdtwmjYkz|hk�ok
z|hkj�sks|~kmjmsmdsmy~kz�qaekmj+q~jl~ks|~kio~ym�qtahkf~jsm�j~eki�mjst[

�|~kadtsksz�kZq~tsm�jtkdtw~eks|~kf�e~akxqmae~otkm�ks|~hkz~o~kidosk��kdk|�xxhklaqxk
djekm�ks|~kio~t~jl~k��kdeemsm�jdakmjl~jsmy~tkmjkidosmlmidsmjYkmjks|~kmjmsmdsmy~kz�qaek
mj+q~jl~ks|~fkmjk~js~omjYkmjk�j~^
�|~t~kZq~tsm�jtkdjeks|~mokdjtz~otkz~o~ktmfia~kh~tk�ok�jkZq~tsm�jtkdjeks|~ko~tqastk
l�qaekx~kmjs~o~tsmjYkmjkme~jsm�hmjYk~��~lsmy~kl�ffqjmldsm�jkf~s|�et[

	mtsk��ks|~kZq~tsm�jt�

0� u�qaekh�qkx~kmjs~o~ts~ekmjkxqhmjYkf�e~akwmstkio�eql~ekzms|ko~lhla~ekiadtsml�
�� u�qaekh�qkx~kzmaamjYks�kYmy~kdzdhkh�qok~fishkoqjj~ot�tioq~tkm�ks|dsko~eql~ek
s|~kiadtsmlkzdts~kdjeks|~kqtdY~k��kymoYmjkfds~omdakmjks|~kio�eqlsm�jk��kf�e~ak
wmst�

� u�qaekh�qkx~kzmaamjYks�kidosmlmids~kmjkdjkmjmsmdsmy~ks|dsko~l�y~o~ek~fishkoqjj~ot�
tioq~tk�o�fks|~k~jekqt~ot�

�� p�kj�sbkz�qaekh�qkx~kf�o~kzmaamjYks�kidosmlmids~kmjktdmekmjmsmdsmy~km�ks|~o~kz~o~k
mjl~jsmy~t�

�� u|ml|k��ks|~k��aa�zmjYkmjl~jsmy~tke�kh�qkx~am~y~kz�qaekx~kmjs~o~tsmjYk�ok
ydaqdxa~ks�kmjl~jsmym1~kh�qkmjkidosmlmidsmjY�kXa~dt~bkm�kh�qkz~o~ks�kvjekj�k�ism�jk
mjs~o~tsmjYk�okydaqdxa~k~j�qY|bk�~~ak�o~~ks�kdeekh�qokme~dkmjks|~k�,s|~o�k�ism�)

�� u|~o~kz�qaekh�qkio~�~oks�kxomjYks|~k~fishkoqjj~ot�tioq~tk�
�� u�qaekh�qkxomjYkdaakh�qok~fishkoqjj~ot�tioq~tk�
�� p�kj�sbkz|h�
�� ��zk��s~jkz�qaekh�qkxomjYks|~k~fishkoqjj~ot�tioq~tk�
0�� ��kh�qks|mjwkxomjYmjYkh�qok~fishkoqjj~ot�tioq~tkz�qaek|~aikh�qko~eql~kh�qok

�ima~k��kt|df~��
00� u|h�
0�� ��kh�qks|mjwkxomjYmjYkh�qok~fishkoqjj~ot�tioq~tkz�qaekfdw~kh�qkxqhkf�o~k

f�e~akwmst�
0� u|h�
0��  o~kh�qkidosk��kdkf�e~akfdwmjYklaqxkamjw~eks�kdkl�fidjhk'~]Y]k movWklaqx��
0�� u�qaekh�qkx~kzmaamjYks�kx~l�f~kidosk��kdktmfmadoklaqxkm�kmskf~djsk|dymjYk~Wsodk

o~zdoetk��okidosmlmidsmjYkmjks|~kmjmsmdsmy~�
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�|~kv�s|kt~lsm�jk��ks|~ktqoy~hk��lqt~ek�jks|~kqt~okzdts~ko~l�y~ohkmjmsmdsmy~kdjek
l�y~o~ek�j~k��ks|~kw~hki�mjstk��ks|~kcpjs~o~tskmjks|~kt�aqsm�jt`k�x_~lsmy~^
�|~kZq~tsm�jtkmjks|mtkt~lsm�jkz~o~kqt~eks�kqje~otsdjeks|~kmjs~o~tsks|dskf�e~ak
xqmae~otkz�qaek|dy~kmjkidosmlmidsmjYkmjkdjkmjmsmdsmy~kmjkz|ml|k~fishkoqjj~otkz~o~k
o~l�y~o~ek�o�fks|~kqt~ot]k�|~kZq~tsm�jtkodjY~ek�o�fkdtwmjYkz|~s|~oks|~kf�e~ak
xqmae~otkz�qaekidosmlmids~kmjks|~kmjmsmdsmy~bks�kdtwmjYkz|~s|~okmjl~jsmy~tkz�qaek
mjs~o~tsks|~fkf�o~kmjktdmekmjmsmdsmy~bks�k|�zk��s~jks|~hkz�qaekidosmlmids~bks�kz|~o~k
s|~hkz�qaekio~�~okxomjYks|~k~fishkoqjj~otkdjekz|h[

�|~kvotskZq~tsm�jbkdkh~tk�okj�k�j~bkdtw~eks|~kidosmlmidjstkm�ks|~hkz~o~kmjs~o~ts~ekmjk
iqol|dtmjYkf�e~akwmstkfde~kzms|ko~lhla~ekiadtsml]ku|ma~ks|mtkZq~tsm�jkmtkj�sk
i~o�~lsahkmjkamj~kzms|ks|~k��aa�zmjYk�j~tbkmskmtkamjw~eks�ks|~kmjmsmdsmy~bktmjl~kmjks|~k
{qjiadkn~lhlamjYkXo�_~lskldt~ktsqehks|dskzmaakx~kdjdaht~ekf�o~kmjke~is|kmjks|~kj~Wsk
l|dis~obks|~ko~l�y~o~ekoqjj~otkzmaakx~ko~qt~ekxhkio�eqlmjYkf�e~akwmstkmjko~lhla~ek
X�ahtsho~j~[

�|~kZq~tsm�jtk�o�fks|~kt~l�jeks�ks|~kv�s|k�j~kdo~k��lqt~ek�jks|~kmjmsmdsmy~^
�|~kt~l�jekZq~tsm�jbkdkh~tk�okj�k�j~bkamw~ks|~k��aa�zmjYksz�bkdtw~eks|~kf�e~ak
xqmae~otkm�ks|~hkz~o~kzmaamjYks�kYmy~kdzdhk~fishkoqjj~otkm�ks|dsko~eql~eks|~kiadtsmlk
zdts~kdjeks|~kqtdY~k��kymoYmjkfds~omdakmjks|~kio�eqlsm�jk��kf�e~akwmst]k�|~ks|moek
Zq~tsm�jbks|~jbkdtw~eks|~kf�e~akxqmae~otkm�ks|~hkz~o~kmjs~o~ts~ekmjkidosmlmidsmjYkmjk
dkqt~okzdts~ko~l�y~ohkmjmsmdsmy~]k�|~jbks|~k��qos|kZq~tsm�jkdtw~ekm�ks|~kio~t~jl~k��k
mjl~jsmy~tkz�qaekl�jymjl~ks|~kf�e~akxqmae~otkmjkidosmlmidsmjYkmjks|~kmjmsmdsmy~]kpjk
s|mtkZq~tsm�jtbks|~kdydmadxa~kdjtz~otkz~o~kch~t`bkcj�`kdjekcfdhx~`^
�|~kv�s|kZq~tsm�jkzdtkdYdmjko~ads~eks�ks|~kmjl~jsmy~tbkYmymjYkdk�~zk~Wdfia~tkdjek
daa�zmjYks|~kidosmlmidjstks�kx�s|kl|��t~kfqasmia~k�ism�jtkdjekdeemjYk�j~k��ks|~mok
�zjbkzms|kdjk�i~jktidl~^
�|~t~kZq~tsm�jtk|deks|~kY�dak��ktl�qsmjYks|~kY~j~odakmjs~o~tsk��ks|~kf�e~akxqmae~otk
s�zdoetkdktmfmadokmjmsmdsmy~bks�Y~s|~okzms|kYdmjmjYkdjkqje~otsdjemjYk��kz|ml|k
mjl~jsmy~tkl�qaekx~kf�o~k~��~lsmy~kmjkmjlo~dt~ks|~kzmaamjYj~ttkmjkidosmlmidsmjY[

�|~ktmWs|kZq~tsm�jkzdtko~ads~eks�kdka�ldsm�jkio~�~o~jl~]kVhkYmymjYks|~k�ism�jtk��k
xomjYmjYks|~koqjj~otk~ms|~oks�kdke~emlds~ek|qxk�oks�ks|~mokio~�~oo~ek|�xxhkts�o~bkmsk
zdtki�ttmxa~ks�k|dy~kdkxdtmtk�jkz|ml|ke~y~a�ikdko~l�y~ohkj~sz�ow[

�|~kt~y~js|kZq~tsm�jkdjeks|~k��aa�zmjYksz�kz~o~ko~ads~eks�k|�zkfdjhkoqjj~otks|~k
f�e~akxqmae~otkz�qaekxomjYks�ks|~ko~l�y~ohki�mjstkdjek|�zk��s~j]k�|~kt~y~js|k
Zq~tsm�jkdtw~eky~ohkY~j~odaahkm�ks|~kf�e~akxqmae~otkz�qaekxomjYkdaak��ks|~k~fishk
oqjj~otks�ks|~ko~l�y~ohki�mjstbkz|ma~ks|~k~mY|skZq~tsm�jkzdtk�i~jbkdtwmjYk��oks|~k
o~dt�jkz|hkj�s]k�|~kdjtz~okzdtko~Zqmo~eks�kx~kdkt|�osks~Wsbkdaa�zmjYks|~k
idosmlmidjstkmjks|~ktqoy~hks�kx~ss~okl�ffqjmlds~ks|~ko~dt�j^
�|~kjmjs|kZq~tsm�jkdtw~eks|~kf�e~akxqmae~otk|�zk��s~jks|~hkz�qaekxomjYks|~k
~fishkoqjj~ot]kpjks|mtkldt~bks|~kdjtz~otkYdy~k~Wdfia~tbkamw~kc�jl~kdkz~~w`k�okc�jahk
z|~jkY�mjYkxqhmjYk�s|~okf�e~akwmst`]kpjkdeemsm�jks�ks|~t~k�ism�jtbkdjk�i~jkdjtz~ok
zdtkdydmadxa~bkmjk�oe~oks�kdaa�zks|~kidosmlmidjstks�kmjemlds~kdkf�o~kio~lmt~k�lldtm�jk
z|~jks|~hkz�qaekxomjYks|~koqjj~ot] ?
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�|~t~kZq~tsm�jtk|deks|~k�x_~lsmy~ks�kidmjskdko~adsmy~ahkio~lmt~kimlsqo~k��ks|~k
i�s~jsmdakidosmlmidsm�jk��ks|~kf�e~akxqmae~otkmjkdkqt~okzdts~ko~l�y~ohkmjmsmdsmy~bk
z|ml|kz�qaekdaa�zks�ke~vj~ks|~ksmfmjYk��oks|~kydom�qtk~a~f~jstkmjkdkj~zkj~sz�ow[

�|~k��aa�zmjYk��qokZq~tsm�jk'�o�fks|~ks~js|ks�ks|~ks|mos~~js|�kdtw~eks|~kf�e~ak
xqmae~otkm�kdjekz|hkidosmlmidsmjYkmjkdkqt~okzdts~ko~l�y~ohkmjmsmdsmy~kz�qaekmj+q~jl~k
s|~mokidosmlmidsm�jkmjks|~k|�xxh^
�|~ks~js|kdjek~a~y~js|kZq~tsm�jtkdtw~eks|~kf�e~akxqmae~otkm�kidosmlmidsmjYkmjks|~k
mjmsmdsmy~kz�qaek|~aiks|~fko~eql~ks|~mokxdlwa�Ybkz|ma~ks|~ksz~a�s|kdjeks|mos~~js|k
Zq~tsm�jtkdtw~eks|~ktdf~kdx�qsks|~kf�e~akxqmae~otkiqol|dtmjYkf�o~kf�e~akwmst]�
pjkx�s|kldt~tks|~ks~js|kdjeksz~a�s|kZq~tsm�jtkz~o~ktmfia~kh~tk�okj�k�j~tbkz|ma~ks|~k
~a~y~js|kdjeks|mos~~js|kZq~tsm�jtko~Zqmo~ekdkt|�osks~Wskdtkdjkdjtz~obkdtwmjYkz|hk�ok
z|hkj�sks|~kmjmsmdsmy~kz�qaekmj+q~jl~ks|~kio~ym�qtahkf~jsm�j~eki�mjst[

�|~kadtsksz�kZq~tsm�jtkdtw~eks|~kf�e~akxqmae~otkm�ks|~hkz~o~kidosk��kdk|�xxhklaqxk
djekm�ks|~kio~t~jl~k��kdeemsm�jdakmjl~jsmy~tkmjkidosmlmidsmjYkmjks|~kmjmsmdsmy~kz�qaek
mj+q~jl~ks|~fkmjk~js~omjYkmjk�j~^
�|~t~kZq~tsm�jtkdjeks|~mokdjtz~otkz~o~ktmfia~kh~tk�ok�jkZq~tsm�jtkdjeks|~ko~tqastk
l�qaekx~kmjs~o~tsmjYkmjkme~jsm�hmjYk~��~lsmy~kl�ffqjmldsm�jkf~s|�et[

	mtsk��ks|~kZq~tsm�jt�

0� u�qaekh�qkx~kmjs~o~ts~ekmjkxqhmjYkf�e~akwmstkio�eql~ekzms|ko~lhla~ekiadtsml�
�� u�qaekh�qkx~kzmaamjYks�kYmy~kdzdhkh�qok~fishkoqjj~ot�tioq~tkm�ks|dsko~eql~ek
s|~kiadtsmlkzdts~kdjeks|~kqtdY~k��kymoYmjkfds~omdakmjks|~kio�eqlsm�jk��kf�e~ak
wmst�

� u�qaekh�qkx~kzmaamjYks�kidosmlmids~kmjkdjkmjmsmdsmy~ks|dsko~l�y~o~ek~fishkoqjj~ot�
tioq~tk�o�fks|~k~jekqt~ot�

�� p�kj�sbkz�qaekh�qkx~kf�o~kzmaamjYks�kidosmlmids~kmjktdmekmjmsmdsmy~km�ks|~o~kz~o~k
mjl~jsmy~t�

�� u|ml|k��ks|~k��aa�zmjYkmjl~jsmy~tke�kh�qkx~am~y~kz�qaekx~kmjs~o~tsmjYk�ok
ydaqdxa~ks�kmjl~jsmym1~kh�qkmjkidosmlmidsmjY�kXa~dt~bkm�kh�qkz~o~ks�kvjekj�k�ism�jk
mjs~o~tsmjYk�okydaqdxa~k~j�qY|bk�~~ak�o~~ks�kdeekh�qokme~dkmjks|~k�,s|~o�k�ism�)

�� u|~o~kz�qaekh�qkio~�~oks�kxomjYks|~k~fishkoqjj~ot�tioq~tk�
�� u�qaekh�qkxomjYkdaakh�qok~fishkoqjj~ot�tioq~tk�
�� p�kj�sbkz|h�
�� ��zk��s~jkz�qaekh�qkxomjYks|~k~fishkoqjj~ot�tioq~tk�
0�� ��kh�qks|mjwkxomjYmjYkh�qok~fishkoqjj~ot�tioq~tkz�qaek|~aikh�qko~eql~kh�qok

�ima~k��kt|df~��
00� u|h�
0�� ��kh�qks|mjwkxomjYmjYkh�qok~fishkoqjj~ot�tioq~tkz�qaekfdw~kh�qkxqhkf�o~k

f�e~akwmst�
0� u|h�
0��  o~kh�qkidosk��kdkf�e~akfdwmjYklaqxkamjw~eks�kdkl�fidjhk'~]Y]k movWklaqx��
0�� u�qaekh�qkx~kzmaamjYks�kx~l�f~kidosk��kdktmfmadoklaqxkm�kmskf~djsk|dymjYk~Wsodk

o~zdoetk��okidosmlmidsmjYkmjks|~kmjmsmdsmy~�
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Cross Analysis of
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After analysing the results for each question separately, a cross analysis of the 
answers was done in order to defne better the community based on the data 
recovered from the profling.
This cross analysis was initially distributed on the age groups, the occupation and 
the origin of each participant. The gender was not considered, since the vast 
majority (90.4%) of the participants were male, thus not being a diverse enough 
pool of participants to obtain interesting results.
During the cross analysis, though, it appeared that both the use of occupation and 
origin would not bring forth interesting results.
First of all, the results of the occupation question showed that the participants 
were mainly working, but, most importantly, during the cross analysis of each 
section of the survey and of the most interesting questions, it appeared that the 
various answers were mostly equally split between the options “Working”, 
“Student” and “Unemployed”. Even if each option varied in number of selection (as 
a reminder: 70.9% of the participants chose “Working”, 21.7% chose “Student” and 
only 7.4% chose “Unemployed”), the answers for each question did not vary much in 
percentage, even if, for the smaller categories, the difference seemed more drastic. 
In addition to that, the large difference between choices muddled the results: the 
17 participants that chose “Unemployed”, when compared to the 163 that chose 
“Working”, would not show useful data, since the pool is too small.
When it comes to the origin, as it will be shown later regarding the preferences 
where purchasing model kits, it seemed that the similar pool si�e of answers gave 
another result: the answers were relatively equally divided between the three 
options “United States”, “Europe” and “Other”. This division would not really allow 
gaining insight in the community, especially when considering that the pool of 
participants counted 230 ones.
More interesting results related to occupation and origin could be obtained from a 
survey that gained a larger pool of participants, especially considering that the 
“Other” category ended up covering South America, Asia and Australia�`ew 
Zealand.
Instead, the results that emerged from cross analysing the questions with the age 
groups showed interesting results, even when taking in consideration the 
difference in numbers between options. As noticed in the section of the chapter 
dedicated to profling, the two groups “1^-1\” and “41-^^” had similarly si�ed pools, 
allowing for a comparison between two extreme age groups. The smallest group 
“^6y”, only counted one participant. This group was still counted in the cross 
analysis, but the results obviously do not hold any weight. Finally, the three largest 
age groups, “19-2^”, “26-31” and “32-40”, which counted 6^, ^0 and 61 participants 
respectively, allowed for an interesting comparison, related mainly to a gradual 
ageing in the community. Still, each cross analysis has been conducted 
maintaining the other categories, in order to avoid losing potential interesting 
results. For example, the cross analysis of the questions about the timing and 
amount of model kit purchasing was conducted with both age groups and 
occupation categoriesf

On a fnal note, outside the results from cross analysing questions with multiple 
selections, the percentages presented in the text describe the total of participants 
in a certain age group. On the previous page, together with the graphs about the 
hobby, one with the total numbers of participants for each age range is present. P
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The cross analysis started from the results from the questions about how the 
community participates in the hobby.
The elements that were analysed were related to the purchasing preferences 
(timing, amount, location), assembly (timing) and backlog. In order to maintain a 
similar information Dow as the one used in the previous section of the chapter, the 
results from the analysis will be presented in the same orderf

Comparing the results from the question “How often do you buy model kits” with 
the age groups, it is possible to notice that the majority of the participants for each 
group has a preference towards the “monthly” options. In particular, in line with the 
results of that question, All the age groups (outside “^6y”), has a preference towards 
the option “�ess than once a month”, which was selected between 33.\% and 41.4% 
of the time. In addition to this, the other “monthly” options average around 20% of 
the choices for each age group when it comes to “Once a moth”, with the age 
group “1^-1\” selecting it 17.^% of the time and being the one that chose this option 
the least. The group that chose this option the most was “26-31”, 24%. For the option 
“More than once a moth”, the percentage of participants that selected it averaged 
around 19.4% for each group, with “1^-1\” choosing it 13% of the time.
Interestingly enough, this same age group is one of the two that indicated that 
they purchase model kits “�arely�on occasion�when I can afford one”. This is one of 
the few times a selection could be motivated by the occupation, since this age 
group was composed mainly by students. That said, this option was only chosen 
17.^% of the time by the participants between 1^ and 1\ years old, indicating that 
the actual occupation may not have such a strong impactf

The following question, “How many model kits do you buy at the same time4”, 
showed another example of general symmetry between age groups. Interestingly 
enough, all age groups bar one indicated the purchase of “2-4” model kits at the 
same time. The only group that mainly selected “1” was the “1^-1\” group. This again 
could be linked with the difference in occupation, since the remaining groups 
presented a vast majority of working participants. That said, the age group “32-40” 
showed a very slight difference between the two options, choosing “1” 40.9% of the 
time and “2-4” ^0.\% of the time. In addition to that, while “2-4” averaged ^3.1% of 
the choices in the various age groups, the option “1” averaged 39.4%. This shows 
that these two options were the most common, despite any difference between 
age groups, occupation and origin.
The difference between the amount of participants that choose “1” (74%) and “2-4” 
(21.7%) in the age group “1^-1\” may not be necessarily linked to the money 
available to them. Since this is the age group that counts the youngest participants, 
it is plausible that they are not as experienced as participants in older age groups. 
Thus, these model builders may prefer purchase a smaller amount of model kits in 
order to start their collection and to slowly build up their skills, before starting to 
work on more advanced projects. Another element to consider is the fact that each 
model kit I= covers price ranges that may be very large, depending on the 
products. This may inDuence the amount of kits purchased at once: sometimes one 
large and expensive, other times multiple smaller and cheaper ones.
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After analysing the results for each question separately, a cross analysis of the 
answers was done in order to defne better the community based on the data 
recovered from the profling.
This cross analysis was initially distributed on the age groups, the occupation and 
the origin of each participant. The gender was not considered, since the vast 
majority (90.4%) of the participants were male, thus not being a diverse enough 
pool of participants to obtain interesting results.
During the cross analysis, though, it appeared that both the use of occupation and 
origin would not bring forth interesting results.
First of all, the results of the occupation question showed that the participants 
were mainly working, but, most importantly, during the cross analysis of each 
section of the survey and of the most interesting questions, it appeared that the 
various answers were mostly equally split between the options “Working”, 
“Student” and “Unemployed”. Even if each option varied in number of selection (as 
a reminder: 70.9% of the participants chose “Working”, 21.7% chose “Student” and 
only 7.4% chose “Unemployed”), the answers for each question did not vary much in 
percentage, even if, for the smaller categories, the difference seemed more drastic. 
In addition to that, the large difference between choices muddled the results: the 
17 participants that chose “Unemployed”, when compared to the 163 that chose 
“Working”, would not show useful data, since the pool is too small.
When it comes to the origin, as it will be shown later regarding the preferences 
where purchasing model kits, it seemed that the similar pool si�e of answers gave 
another result: the answers were relatively equally divided between the three 
options “United States”, “Europe” and “Other”. This division would not really allow 
gaining insight in the community, especially when considering that the pool of 
participants counted 230 ones.
More interesting results related to occupation and origin could be obtained from a 
survey that gained a larger pool of participants, especially considering that the 
“Other” category ended up covering South America, Asia and Australia�`ew 
Zealand.
Instead, the results that emerged from cross analysing the questions with the age 
groups showed interesting results, even when taking in consideration the 
difference in numbers between options. As noticed in the section of the chapter 
dedicated to profling, the two groups “1^-1\” and “41-^^” had similarly si�ed pools, 
allowing for a comparison between two extreme age groups. The smallest group 
“^6y”, only counted one participant. This group was still counted in the cross 
analysis, but the results obviously do not hold any weight. Finally, the three largest 
age groups, “19-2^”, “26-31” and “32-40”, which counted 6^, ^0 and 61 participants 
respectively, allowed for an interesting comparison, related mainly to a gradual 
ageing in the community. Still, each cross analysis has been conducted 
maintaining the other categories, in order to avoid losing potential interesting 
results. For example, the cross analysis of the questions about the timing and 
amount of model kit purchasing was conducted with both age groups and 
occupation categoriesf

On a fnal note, outside the results from cross analysing questions with multiple 
selections, the percentages presented in the text describe the total of participants 
in a certain age group. On the previous page, together with the graphs about the 
hobby, one with the total numbers of participants for each age range is present. P
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The cross analysis started from the results from the questions about how the 
community participates in the hobby.
The elements that were analysed were related to the purchasing preferences 
(timing, amount, location), assembly (timing) and backlog. In order to maintain a 
similar information Dow as the one used in the previous section of the chapter, the 
results from the analysis will be presented in the same orderf

Comparing the results from the question “How often do you buy model kits” with 
the age groups, it is possible to notice that the majority of the participants for each 
group has a preference towards the “monthly” options. In particular, in line with the 
results of that question, All the age groups (outside “^6y”), has a preference towards 
the option “�ess than once a month”, which was selected between 33.\% and 41.4% 
of the time. In addition to this, the other “monthly” options average around 20% of 
the choices for each age group when it comes to “Once a moth”, with the age 
group “1^-1\” selecting it 17.^% of the time and being the one that chose this option 
the least. The group that chose this option the most was “26-31”, 24%. For the option 
“More than once a moth”, the percentage of participants that selected it averaged 
around 19.4% for each group, with “1^-1\” choosing it 13% of the time.
Interestingly enough, this same age group is one of the two that indicated that 
they purchase model kits “�arely�on occasion�when I can afford one”. This is one of 
the few times a selection could be motivated by the occupation, since this age 
group was composed mainly by students. That said, this option was only chosen 
17.^% of the time by the participants between 1^ and 1\ years old, indicating that 
the actual occupation may not have such a strong impactf

The following question, “How many model kits do you buy at the same time4”, 
showed another example of general symmetry between age groups. Interestingly 
enough, all age groups bar one indicated the purchase of “2-4” model kits at the 
same time. The only group that mainly selected “1” was the “1^-1\” group. This again 
could be linked with the difference in occupation, since the remaining groups 
presented a vast majority of working participants. That said, the age group “32-40” 
showed a very slight difference between the two options, choosing “1” 40.9% of the 
time and “2-4” ^0.\% of the time. In addition to that, while “2-4” averaged ^3.1% of 
the choices in the various age groups, the option “1” averaged 39.4%. This shows 
that these two options were the most common, despite any difference between 
age groups, occupation and origin.
The difference between the amount of participants that choose “1” (74%) and “2-4” 
(21.7%) in the age group “1^-1\” may not be necessarily linked to the money 
available to them. Since this is the age group that counts the youngest participants, 
it is plausible that they are not as experienced as participants in older age groups. 
Thus, these model builders may prefer purchase a smaller amount of model kits in 
order to start their collection and to slowly build up their skills, before starting to 
work on more advanced projects. Another element to consider is the fact that each 
model kit I= covers price ranges that may be very large, depending on the 
products. This may inDuence the amount of kits purchased at once: sometimes one 
large and expensive, other times multiple smaller and cheaper ones.
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Subsequentely, analysing the question “How often do you build model kits”, it was 
possible to notice how the results for each age group show that the answers were 
more or less distributed between the options “More than once a week”, “Once a 
week”, “More than once a month”, “Once a month”, “Less than once a month”, with 
the third and ffth one being preferred slightly moree
This information, paired with what emerged from the previous analysis, start to 
paint a very interesting picture of the model kit community.  hile some 
differences are visible, and will become more apparent in following questions, the 
community seems to be relatively stable, without major contrasts between age 
groups. This may be linked to the inherently communitary nature of the model 
building hobby. This is a hobby that has a heavy focus not only on the model kits, 
but also on talking with other model builders, either to ask for guidance or to 
compare projects and fnd new ways to build the model kits or how to paint them. 
The online communities where the survey was run show this nature often. From 
new model builders asking how to achieve a certain colour shade, to veterans of 
the hobby that present their latest project, each post has various comments that 
provide a sense of community. This is not limited to online forumsy as gathered 
from the previous section of this chapter, one of the reasons why model builders 
may prefer physical stores is for the human contact and opportunity to chat either 
with other model builders and the store staffe
This nature of the hobby ends up making so that the community infuences itself, 
creating a “loop”, where new model builders start behaving similarly to people 
collecting for years. This can be often times seen when it comes to more technical 
aspects of the hobby, assembling a model kit and painting it, but it seems to also 
infuence other aspects, which may not be obvious.  hile purchasing preferences 
may be infuenced by various elements (self-control, time available, money 
available, ...), they may also be affected by suggestions from other builders. � very 
simple example are newer model builders purchasing a small number of kits, upon 
suggestion from older builders, in order to avoid spending a large amount of 
money immediately when startinge
Similarly, the time available to actually assemble a model kit varies between model 
builders, but it also may be linked to suggestions from the community, as well as 
how much time a model builder wants to dedicate to a single project.

On a fnal analytical note, it is possible to notice that for this question it seems that 
personal preference is still more indicative than infuences from the communityy 
the age group “15-18” selected the option “Less than once a moth” the most (26.2% 
of the time), while both the groups “19-25” and “26-31” chose the most the option 
“More than once a month” (24.6% and 28% of the time respectively). Finally, the 
group “32-40” showed preference towards the option “More than once a week” 
(27.9% of the time), while the group “41-55” selected the most “More than once a 
month” (31.1% of the time), similarly to the groups previously mentioned.
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Regarding the backlog, when asked “Do you have a “pile of shame” Do you have a 
"pile of shame" (a number of model kits bought but yet to build/unopened)?” the 
majority of almost all age groups answered yes, in line with the results from the 
question.  Outside of the group “15-18”, though, each age group indicated “yes” 
between 83.1% of the time (group “19-25”) and 90% of the time (group 26-31). The 
group “15-18” was the only outlier, since the majority chose “no” (56.5%). That said, it 
was still around half of the participants in that age range. This can be expected, 
since the participants around that age would not have, on average, the same 
economic availability of working adults. Building up a backlog would require both a 
relatively constant purchasing of model kits and a lack of time to assemble each 
one as soon as purchased. Therefore, work life would limit at least the second factor 
much more than an average school lifee
In addition to these results, the answers for “How many models do you have in it? (If 
you want to give a precise number, use the "Other" option)”, the follow-up question 
to the previous one, showed that the majority of the participants between 15 and 18 
years of age have a smaller amount of model kits in their backlog than the other 
age rangesy the option “Less than 5” was chosen 43.7% of the timee
The only other age group that ended up choosing the most the frst option was 
“19-25”, but the total answers from those participants were distributed much more 
equally on all the optionse
The proof about the effects of age and time spent in the hobby can be seen in the 
results from the other age groupsy all “26-31”, “32-40” and “41-55” selected the last 
option “More than 40” 28.3%, 28.6% and 37.1% of the time, respectively. �nother 
information came from this analysisy all the three age groups with the most 
participants had their answers relatively distributed around the available answers, 
while both the “15-28” and “41-55” age groups ended up with a more polari�ed 
results on the two extremes. This, again, is an example of how much the 
participants pools effect the outcomes, but also how many decades spent 
collecting would affect the participants.

The last element to be cross-analysed from this section of the survey was the 
preference between types of stores. This cross analysis was initially conducted 
using the data from the origin question of the survey, but, as it is possible to notice 
from the graph, the results show that, regardless of the origin, the majority of 
participants do not have a strong preference between the two store, using them 
interchangeability. The only slightly interesting data comes from the participants 
from the �nited States, who chose “Online store/e-shop” more than “�hysical 
stores”, contrasting with the other two categories. That said, between 42.4% and 
50% of the participants of each category still chose the “Both/Doesn’t matter 
option”e
Compared with these results, the ones from cross analysing age groups with the 
preferences in type of stores give more details. First of all, similarly to the results 
from the previous cross analyses, both the “15-18” and “41-55” age groups show 
more polari�ed results, with a higher majority of participants choosing “Both/
doesn’t matter” (56.5% and 43% of the time respectively). In this case, though, the 
younger age range has selected the other options equally, while the older range 
leaned towards online stores. Considering, instead, the three middle ranges, the 
older ones, even if choosing the most “Both/doesn’t matter”, showed more interest 
towards physical storesy the group “26-31” selected the options “�hysical stores” and 
“Online stores/e-shops” 30% and 22% of the time, respectively, while the group 
“32-40” selected the two options 29.5% and 14.7% of the time, respectivelye
Interestingly enough, the remaining age group “19-25” showed a more balanced 
selection of the three options. It was the only age range no selecting “Both/doesn’t 
matter” the most (29.2%), while also selecting “�hysical stores” 33.8% of the time, 
with “Online stores/e-shop” being chosen 37% of the timee
This analysis showed that, while there is a common indifference towards which 
type of stores is preferred, the community seems to be almost equally split 
between physical and online stores.
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Subsequentely, analysing the question “How often do you build model kits”, it was 
possible to notice how the results for each age group show that the answers were 
more or less distributed between the options “More than once a week”, “Once a 
week”, “More than once a month”, “Once a month”, “Less than once a month”, with 
the third and ffth one being preferred slightly moree
This information, paired with what emerged from the previous analysis, start to 
paint a very interesting picture of the model kit community.  hile some 
differences are visible, and will become more apparent in following questions, the 
community seems to be relatively stable, without major contrasts between age 
groups. This may be linked to the inherently communitary nature of the model 
building hobby. This is a hobby that has a heavy focus not only on the model kits, 
but also on talking with other model builders, either to ask for guidance or to 
compare projects and fnd new ways to build the model kits or how to paint them. 
The online communities where the survey was run show this nature often. From 
new model builders asking how to achieve a certain colour shade, to veterans of 
the hobby that present their latest project, each post has various comments that 
provide a sense of community. This is not limited to online forumsy as gathered 
from the previous section of this chapter, one of the reasons why model builders 
may prefer physical stores is for the human contact and opportunity to chat either 
with other model builders and the store staffe
This nature of the hobby ends up making so that the community infuences itself, 
creating a “loop”, where new model builders start behaving similarly to people 
collecting for years. This can be often times seen when it comes to more technical 
aspects of the hobby, assembling a model kit and painting it, but it seems to also 
infuence other aspects, which may not be obvious.  hile purchasing preferences 
may be infuenced by various elements (self-control, time available, money 
available, ...), they may also be affected by suggestions from other builders. � very 
simple example are newer model builders purchasing a small number of kits, upon 
suggestion from older builders, in order to avoid spending a large amount of 
money immediately when startinge
Similarly, the time available to actually assemble a model kit varies between model 
builders, but it also may be linked to suggestions from the community, as well as 
how much time a model builder wants to dedicate to a single project.

On a fnal analytical note, it is possible to notice that for this question it seems that 
personal preference is still more indicative than infuences from the communityy 
the age group “15-18” selected the option “Less than once a moth” the most (26.2% 
of the time), while both the groups “19-25” and “26-31” chose the most the option 
“More than once a month” (24.6% and 28% of the time respectively). Finally, the 
group “32-40” showed preference towards the option “More than once a week” 
(27.9% of the time), while the group “41-55” selected the most “More than once a 
month” (31.1% of the time), similarly to the groups previously mentioned.
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Regarding the backlog, when asked “Do you have a “pile of shame” Do you have a 
"pile of shame" (a number of model kits bought but yet to build/unopened)?” the 
majority of almost all age groups answered yes, in line with the results from the 
question.  Outside of the group “15-18”, though, each age group indicated “yes” 
between 83.1% of the time (group “19-25”) and 90% of the time (group 26-31). The 
group “15-18” was the only outlier, since the majority chose “no” (56.5%). That said, it 
was still around half of the participants in that age range. This can be expected, 
since the participants around that age would not have, on average, the same 
economic availability of working adults. Building up a backlog would require both a 
relatively constant purchasing of model kits and a lack of time to assemble each 
one as soon as purchased. Therefore, work life would limit at least the second factor 
much more than an average school lifee
In addition to these results, the answers for “How many models do you have in it? (If 
you want to give a precise number, use the "Other" option)”, the follow-up question 
to the previous one, showed that the majority of the participants between 15 and 18 
years of age have a smaller amount of model kits in their backlog than the other 
age rangesy the option “Less than 5” was chosen 43.7% of the timee
The only other age group that ended up choosing the most the frst option was 
“19-25”, but the total answers from those participants were distributed much more 
equally on all the optionse
The proof about the effects of age and time spent in the hobby can be seen in the 
results from the other age groupsy all “26-31”, “32-40” and “41-55” selected the last 
option “More than 40” 28.3%, 28.6% and 37.1% of the time, respectively. �nother 
information came from this analysisy all the three age groups with the most 
participants had their answers relatively distributed around the available answers, 
while both the “15-28” and “41-55” age groups ended up with a more polari�ed 
results on the two extremes. This, again, is an example of how much the 
participants pools effect the outcomes, but also how many decades spent 
collecting would affect the participants.

The last element to be cross-analysed from this section of the survey was the 
preference between types of stores. This cross analysis was initially conducted 
using the data from the origin question of the survey, but, as it is possible to notice 
from the graph, the results show that, regardless of the origin, the majority of 
participants do not have a strong preference between the two store, using them 
interchangeability. The only slightly interesting data comes from the participants 
from the �nited States, who chose “Online store/e-shop” more than “�hysical 
stores”, contrasting with the other two categories. That said, between 42.4% and 
50% of the participants of each category still chose the “Both/Doesn’t matter 
option”e
Compared with these results, the ones from cross analysing age groups with the 
preferences in type of stores give more details. First of all, similarly to the results 
from the previous cross analyses, both the “15-18” and “41-55” age groups show 
more polari�ed results, with a higher majority of participants choosing “Both/
doesn’t matter” (56.5% and 43% of the time respectively). In this case, though, the 
younger age range has selected the other options equally, while the older range 
leaned towards online stores. Considering, instead, the three middle ranges, the 
older ones, even if choosing the most “Both/doesn’t matter”, showed more interest 
towards physical storesy the group “26-31” selected the options “�hysical stores” and 
“Online stores/e-shops” 30% and 22% of the time, respectively, while the group 
“32-40” selected the two options 29.5% and 14.7% of the time, respectivelye
Interestingly enough, the remaining age group “19-25” showed a more balanced 
selection of the three options. It was the only age range no selecting “Both/doesn’t 
matter” the most (29.2%), while also selecting “�hysical stores” 33.8% of the time, 
with “Online stores/e-shop” being chosen 37% of the timee
This analysis showed that, while there is a common indifference towards which 
type of stores is preferred, the community seems to be almost equally split 
between physical and online stores.
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Following the matter of the boxes, the questions about the behaviour of the 
participants towards the empty runners were cross analysed.
The frst question asked whether the participants threw away the empty runners. 
As seen in the results of the question, there is a slight preference towards throwing 
the runners away. This result, though, is not common in all the age groups: the 
group “19-25” had a slight preference (50.8%) towards not throwing the runners 
away. In addition to that, while the other groups do still prefer throwing them away, 
the difference between “Yes” and “No” is smaller in the groups “15-18” (56.5% “Yes”, 
43.5% “No”) and “26-31” (56% “Yes”, 44% “No”), than in the older groups (“32-40”: 
62.3% “Yes”, 37.7% “No”; “41-55”: 69% “Yes”, 31% “No”). This difference may be caused 
by the experience in reusing runners between age groups, as well as the amount of 
material that the runners are: after a long time participating in the hobby, the 
amount of plastic in empty runners may be so much that keeping newer ones 
would just be a waste of space.

As a follow-up to that question, the next one to be cross analysed was the one 
asking the participants if they reused the empty runners. The results confrmed the 
reason behind the difference noticed in the previous analysis: outside of the two 
smaller groups, all of the age groups indicated that reusing the runners was 
relatively common, enough to amount to around half of the answers. Interestingly, 
the results from the age group “15-18” showed a difference between “Yes” and “No” 
of around 30% (34.8% selected “Yes”, 65.2 “No”), while for the age group “41-55” the 
difference was much smaller: 41.4% of the participants in that group answered 
“Yes”, while 58.6% “No”. This difference is much more in line with the one from the 
remaining age groups, indicating that, maybe with a larger pool of participants 
aged between 41 and 55 years old, the results may change.

In the survey, the subsequent question to the one just analysed asked the 
participants the amount of plastic that they have in empty runners. Ronsidering 
the previous questions and the results from the answers on this one, as seen in the 
previous section of this chapter, it was already known that the majority of 
participants, independently of the age group, would indicate that they have a 
relatively low amount of plastic in the form of runners. While the results from this 
cross analysis confrmed this, it is interesting to notice the distribution difference of 
the answers between age groups.
While all the groups had the frst option, “Less than 1 kg”, as the most selected one, 
the percentage for each group varies between 46% (“26-31”) and 69% (41-55). In 
addition to that, both the age groups “19-25” and “26-31” were the only ones to 
present at least one selection for each option available. While this does not seem 
particularly important, it is interesting when noticing a peculiar trend: the 
percentage of material in empty runners grows with the age, at least until “26-31”, 
after which it decreases gradually. As proof, the age group with the highest 
percentage of participants selecting “Less than 1 kg” is “41-55” (69%). 
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This progression does seem to slightly contrast with the results from the previous 
cross analysis, but it could also be proof of the actual amount of material reused by 
each age group, as well as the amount of empty runners that older hobbyists are 
willing to keep, which could be affected by factors like space available, similarly to 
them choosing whether or not keeping boxes.

The next question to be cross analysed was asking the participants how much 
plastic they manage to reuse. The results from the question originally portrayed the 
vast majority of the community answering “Less than 10%”, which was still 
confrmed by this analysis. There were a few key differences, again highlighted by 
the age groups. While most of the age groups indicated that option between 70.6% 
of the time (“32-40”) and 84% of the time (“26-31”), the only group that showed a 
more balanced distribution between the various options was “19-25”. While these 
participants still chose “Less than 10%” the most (49.2% of the time), the remaining 
distribution contrasted heavily with the other age groups. While the second option, 
“10-30%”, was still the second most selected for all groups, only “19-25” chose it 
more than 20% of the time, followed by “15-18”, which chose it 17.4% of the time. In 
addition to that, the distribution of the remaining participants in this age group 
was lower than the other groups only for the fourth option, “50-70%”, for which only 
the “32-40” age group chose it more. That said, these results do follow the ones 
from the question about throwing away the runners: the group “19-25” was the only 
one that was almost equally split between the two options (32 participants selected 
“Yes”, 33 “No”), while the other groups showed larger differences. In addition to that, 
this scenario repeated itself with the following question, about reusing the runners, 
and the distribution about the amount of plastic in runners showed again this age 
group as one of the most well distributed, covering all options.

The last element to be cross analysed about the topic of waste from the model kits 
is how the participants reuse the runners. The results for this question were very 
interesting, showing that the majority of the community reuses the runners in all of 
the mentioned methods, since the most selected option was “All of the above”. 
During the cross analysis, this was confrmed, since all the age groups had that as 
the most selected option, except for the group “15-18”, which selected more “Don)t 
reuse” (39.2%). That said, the “All of the above” option was still the second most 
chosen (26.1%). Romparing the results of the cross analysis with the ones from the 
original question, it is possible to notice some interesting details. First of all, the age 
group with a more balanced distribution of answers was “26-31”, where the “All of 
the above” option was selected 24% of the time, making it the smallest percentage 
between the age groups. In addition to that, the other options, outside of “8ther”, 
all were selected between 16% of the time (“�ap fller after melting”) and 22% of the 
time (“Don)t reuse”). Another example of interesting distribution of the answers was 
the age group “32-40”, which distributed the answers outside “All of the above” 
(34.5%) between all the remaining options, the percentages of which ranged 
between 9.8% and 18%.
A fnal comparison can be made between the age groups “15-18” and “41-55”. The 
frst group showed a more extreme distribution of the answers, since outside of the 
two mentioned previously, the remaining options were selected between 4.3% and 
13% of the time. The second group, instead, was the only one that never selected 
the option “.asing material”, distributing instead the answers between the 
remaining options and thus selecting most of them between 17.2% of the time 
(“�ap fller after melting”) and 34.6% (“All of the above”). Interestingly, both groups 
gave an open answer (classifed as “8ther”) only once.

As a fnal note, the cross analysis of the behaviour towards waste from the model 
kits seems to follow a similar conclusion to the one derived from the participation 
in the hobby, but with differences that seem based more on the time spent on the 
hobby and the experiences that come from it.
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Following the matter of the boxes, the questions about the behaviour of the 
participants towards the empty runners were cross analysed.
The frst question asked whether the participants threw away the empty runners. 
As seen in the results of the question, there is a slight preference towards throwing 
the runners away. This result, though, is not common in all the age groups: the 
group “19-25” had a slight preference (50.8%) towards not throwing the runners 
away. In addition to that, while the other groups do still prefer throwing them away, 
the difference between “Yes” and “No” is smaller in the groups “15-18” (56.5% “Yes”, 
43.5% “No”) and “26-31” (56% “Yes”, 44% “No”), than in the older groups (“32-40”: 
62.3% “Yes”, 37.7% “No”; “41-55”: 69% “Yes”, 31% “No”). This difference may be caused 
by the experience in reusing runners between age groups, as well as the amount of 
material that the runners are: after a long time participating in the hobby, the 
amount of plastic in empty runners may be so much that keeping newer ones 
would just be a waste of space.

As a follow-up to that question, the next one to be cross analysed was the one 
asking the participants if they reused the empty runners. The results confrmed the 
reason behind the difference noticed in the previous analysis: outside of the two 
smaller groups, all of the age groups indicated that reusing the runners was 
relatively common, enough to amount to around half of the answers. Interestingly, 
the results from the age group “15-18” showed a difference between “Yes” and “No” 
of around 30% (34.8% selected “Yes”, 65.2 “No”), while for the age group “41-55” the 
difference was much smaller: 41.4% of the participants in that group answered 
“Yes”, while 58.6% “No”. This difference is much more in line with the one from the 
remaining age groups, indicating that, maybe with a larger pool of participants 
aged between 41 and 55 years old, the results may change.

In the survey, the subsequent question to the one just analysed asked the 
participants the amount of plastic that they have in empty runners. Ronsidering 
the previous questions and the results from the answers on this one, as seen in the 
previous section of this chapter, it was already known that the majority of 
participants, independently of the age group, would indicate that they have a 
relatively low amount of plastic in the form of runners. While the results from this 
cross analysis confrmed this, it is interesting to notice the distribution difference of 
the answers between age groups.
While all the groups had the frst option, “Less than 1 kg”, as the most selected one, 
the percentage for each group varies between 46% (“26-31”) and 69% (41-55). In 
addition to that, both the age groups “19-25” and “26-31” were the only ones to 
present at least one selection for each option available. While this does not seem 
particularly important, it is interesting when noticing a peculiar trend: the 
percentage of material in empty runners grows with the age, at least until “26-31”, 
after which it decreases gradually. As proof, the age group with the highest 
percentage of participants selecting “Less than 1 kg” is “41-55” (69%). 
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This progression does seem to slightly contrast with the results from the previous 
cross analysis, but it could also be proof of the actual amount of material reused by 
each age group, as well as the amount of empty runners that older hobbyists are 
willing to keep, which could be affected by factors like space available, similarly to 
them choosing whether or not keeping boxes.

The next question to be cross analysed was asking the participants how much 
plastic they manage to reuse. The results from the question originally portrayed the 
vast majority of the community answering “Less than 10%”, which was still 
confrmed by this analysis. There were a few key differences, again highlighted by 
the age groups. While most of the age groups indicated that option between 70.6% 
of the time (“32-40”) and 84% of the time (“26-31”), the only group that showed a 
more balanced distribution between the various options was “19-25”. While these 
participants still chose “Less than 10%” the most (49.2% of the time), the remaining 
distribution contrasted heavily with the other age groups. While the second option, 
“10-30%”, was still the second most selected for all groups, only “19-25” chose it 
more than 20% of the time, followed by “15-18”, which chose it 17.4% of the time. In 
addition to that, the distribution of the remaining participants in this age group 
was lower than the other groups only for the fourth option, “50-70%”, for which only 
the “32-40” age group chose it more. That said, these results do follow the ones 
from the question about throwing away the runners: the group “19-25” was the only 
one that was almost equally split between the two options (32 participants selected 
“Yes”, 33 “No”), while the other groups showed larger differences. In addition to that, 
this scenario repeated itself with the following question, about reusing the runners, 
and the distribution about the amount of plastic in runners showed again this age 
group as one of the most well distributed, covering all options.

The last element to be cross analysed about the topic of waste from the model kits 
is how the participants reuse the runners. The results for this question were very 
interesting, showing that the majority of the community reuses the runners in all of 
the mentioned methods, since the most selected option was “All of the above”. 
During the cross analysis, this was confrmed, since all the age groups had that as 
the most selected option, except for the group “15-18”, which selected more “Don)t 
reuse” (39.2%). That said, the “All of the above” option was still the second most 
chosen (26.1%). Romparing the results of the cross analysis with the ones from the 
original question, it is possible to notice some interesting details. First of all, the age 
group with a more balanced distribution of answers was “26-31”, where the “All of 
the above” option was selected 24% of the time, making it the smallest percentage 
between the age groups. In addition to that, the other options, outside of “8ther”, 
all were selected between 16% of the time (“�ap fller after melting”) and 22% of the 
time (“Don)t reuse”). Another example of interesting distribution of the answers was 
the age group “32-40”, which distributed the answers outside “All of the above” 
(34.5%) between all the remaining options, the percentages of which ranged 
between 9.8% and 18%.
A fnal comparison can be made between the age groups “15-18” and “41-55”. The 
frst group showed a more extreme distribution of the answers, since outside of the 
two mentioned previously, the remaining options were selected between 4.3% and 
13% of the time. The second group, instead, was the only one that never selected 
the option “.asing material”, distributing instead the answers between the 
remaining options and thus selecting most of them between 17.2% of the time 
(“�ap fller after melting”) and 34.6% (“All of the above”). Interestingly, both groups 
gave an open answer (classifed as “8ther”) only once.

As a fnal note, the cross analysis of the behaviour towards waste from the model 
kits seems to follow a similar conclusion to the one derived from the participation 
in the hobby, but with differences that seem based more on the time spent on the 
hobby and the experiences that come from it.
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 he next section of the survey to be cross analysed was the third one, focusing on 
the perception of the companies by the community. For this section of the survey, 
which was composed of only few questions, all of them were cross analysed.

 he frst question asaed the participants if they would care if model ait companies 
were to start maaing more efforts to become more eco-friendly.  s noticed in the 
results of the question, all the age groups answered positively. However, the “15-18” 
age groups, while still answering mostly positively, did show less care towards these 
efforts, since 30.4% of the participants in that group answered “No”. 

Subsequently, the participants were asaed if the aforementioned efforts would 
innuence them into purchasing products from companies maaing them.  gain, the 
results from the question were renected in the cross analysis, with the majority of 
the participants for each age group answering negatively. Interestingly, though, the 
percentage of participants that answered positively increased with the ageing: the 
“15-18” group answered “Yes” 26% of the time, the group “19-25” 30.8% of the time, 
the group “26-31” 38%, the group “32-40” 46% and, fnally, the group “41-55” 
answered “Yes” 44.8% of the time, a slight decrease from the previous one. In the 
case of the last age group, it could be possible that with a larger pool the result 
may change: the difference between participants that answered “Yes” and the ones 
that answered “No” was only 3.   larger pool could balance this difference outa
 hese result show that companies choosing eco-friendly solutions may be generally 
seen not only as positive by the majority of the community, but could innuence the 
purchasing preferences of older hobbyists, much more than the preferences of 
newer ones.

 he questions following the ones just cross analysed focused on understanding if 
the opinion of the community towards the companies would change, and how.T
 he frst step was to investigate how many participants for each age group would 
have their opinion on companies innuenced by eco-friendly efforts.  he results 
showed that, while all age groups would have a vast majority of participants being 
innuenced Iup to 93.1% for the group “41-55”S, the youngest one, “15-18” would still 
have more participants sceptical, since 34.8% of them would not be innuenced.  his 
is quite in line with the result of the analysis of the frst question, and it shows that 
younger generations seem less willing to trust companies in changes in 
productions and eco-friendly promisesa
Following this frst analysis of the innuence on opinions, the next step was to 
compare how each age group answered. In order to organi]e the results more 
clearly and avoid confusion, the results from the original answer were divided in 
two main categories: one containing how the opinion of the participant would be 
changed, and the other containing the reason why it would not be changed.  his 
step was necessary, since not only the community did not express a negative 
change in opinion, but also because this question needed the participants to write 
their reason.
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answered “�ositive” or other similarly vague answers. In order to better divide the 
results, the number of participants for each age group was divided using their 
answer to the previous question.  his way it was possible to distinguish between 
participants whose opinion would change and ones whose opinion would not, 
regardless of the level of detail, or laca thereof, present in the written answer.

Starting from the reasons why their opinion would change, the majority of 
participants in the survey gave a reason why, but it was still relatively generic.  ll of 
them wrote that their opinion would become more positive of the company, since 
the model ait companies would become more eco-friendly.  his reason, while 
welcoming said changes, seem to be very non-committal, which could have been 
caused by a laca of examples of possible changes in the previous questions. 
Regarding the participants that answered positively to the previous question, but 
did not give a reason, they amounted between 26.6% and 36.5% for the age groups 
from “15-18” to “32-40”, with the participants from the “41-55” group did not give a 
reason 48.1% of the timea
When analysing the reasons why the opinion of the participants would not change, 
the results were much less useful than the previous ones. In this case, the vast 
majority of the participants who answered negatively on whether their opinion of 
model ait companies would be innuenced by eco-friendly efforts did not give a 
reason.  his result hinders this cross analysis, even if part of the community did give 
some reasons, particularly stating that, while the opinion would not change, it 
would still be positive.  his, at least, shows that, in line with previous results, the 
model ait companies are seen in a general positive light even prior any eco-friendly 
efforts.   few participants, 1 from the group “19-25” and 2 from “26-31” stated that 
they do not thina about the company.



135

Cross Analysis of
the Answers

P
e
rc
e
p
ti
o
n
 o
f 
th
e
 c
o
m
p
a
n
ie
s

 he next section of the survey to be cross analysed was the third one, focusing on 
the perception of the companies by the community. For this section of the survey, 
which was composed of only few questions, all of them were cross analysed.

 he frst question asaed the participants if they would care if model ait companies 
were to start maaing more efforts to become more eco-friendly.  s noticed in the 
results of the question, all the age groups answered positively. However, the “15-18” 
age groups, while still answering mostly positively, did show less care towards these 
efforts, since 30.4% of the participants in that group answered “No”. 

Subsequently, the participants were asaed if the aforementioned efforts would 
innuence them into purchasing products from companies maaing them.  gain, the 
results from the question were renected in the cross analysis, with the majority of 
the participants for each age group answering negatively. Interestingly, though, the 
percentage of participants that answered positively increased with the ageing: the 
“15-18” group answered “Yes” 26% of the time, the group “19-25” 30.8% of the time, 
the group “26-31” 38%, the group “32-40” 46% and, fnally, the group “41-55” 
answered “Yes” 44.8% of the time, a slight decrease from the previous one. In the 
case of the last age group, it could be possible that with a larger pool the result 
may change: the difference between participants that answered “Yes” and the ones 
that answered “No” was only 3.   larger pool could balance this difference outa
 hese result show that companies choosing eco-friendly solutions may be generally 
seen not only as positive by the majority of the community, but could innuence the 
purchasing preferences of older hobbyists, much more than the preferences of 
newer ones.

 he questions following the ones just cross analysed focused on understanding if 
the opinion of the community towards the companies would change, and how.T
 he frst step was to investigate how many participants for each age group would 
have their opinion on companies innuenced by eco-friendly efforts.  he results 
showed that, while all age groups would have a vast majority of participants being 
innuenced Iup to 93.1% for the group “41-55”S, the youngest one, “15-18” would still 
have more participants sceptical, since 34.8% of them would not be innuenced.  his 
is quite in line with the result of the analysis of the frst question, and it shows that 
younger generations seem less willing to trust companies in changes in 
productions and eco-friendly promisesa
Following this frst analysis of the innuence on opinions, the next step was to 
compare how each age group answered. In order to organi]e the results more 
clearly and avoid confusion, the results from the original answer were divided in 
two main categories: one containing how the opinion of the participant would be 
changed, and the other containing the reason why it would not be changed.  his 
step was necessary, since not only the community did not express a negative 
change in opinion, but also because this question needed the participants to write 
their reason.
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answered “�ositive” or other similarly vague answers. In order to better divide the 
results, the number of participants for each age group was divided using their 
answer to the previous question.  his way it was possible to distinguish between 
participants whose opinion would change and ones whose opinion would not, 
regardless of the level of detail, or laca thereof, present in the written answer.

Starting from the reasons why their opinion would change, the majority of 
participants in the survey gave a reason why, but it was still relatively generic.  ll of 
them wrote that their opinion would become more positive of the company, since 
the model ait companies would become more eco-friendly.  his reason, while 
welcoming said changes, seem to be very non-committal, which could have been 
caused by a laca of examples of possible changes in the previous questions. 
Regarding the participants that answered positively to the previous question, but 
did not give a reason, they amounted between 26.6% and 36.5% for the age groups 
from “15-18” to “32-40”, with the participants from the “41-55” group did not give a 
reason 48.1% of the timea
When analysing the reasons why the opinion of the participants would not change, 
the results were much less useful than the previous ones. In this case, the vast 
majority of the participants who answered negatively on whether their opinion of 
model ait companies would be innuenced by eco-friendly efforts did not give a 
reason.  his result hinders this cross analysis, even if part of the community did give 
some reasons, particularly stating that, while the opinion would not change, it 
would still be positive.  his, at least, shows that, in line with previous results, the 
model ait companies are seen in a general positive light even prior any eco-friendly 
efforts.   few participants, 1 from the group “19-25” and 2 from “26-31” stated that 
they do not thina about the company.
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 tv”ovx ” vr sbo”bo” tv” oeovy” b”av”reb  ” o by ve”rboveve” tv”fe  ”bo” tv” tevv”
 bbo sbo ” ev vo ve”so” tv” oeovyn” ”o ve”w   v”evrbovey”sos s  sove” tv”qov  sbo ”
 t  ”wvev” o by ve”obro ve”bo” tv”so vev  ” bw ee ” ” smsb e”sos s  sovn” tv”sofovorv”
bo”sorvo sov n” tv”voovr  ” t  ” ts ”sos s  sov”rbobe”t ov”bo” bmv”   vr  ”bo” tv”
tbaay” oe”tbw”wbobe” tv”rbmmoos y”  e srs   v.

 tv”fe  ”qov  sbo”  kve” tv”rbmmoos y”so” tvy”wvev”so vev  ve”so”  e srs   soa”so”
  se”sos s  sove” tv” o wve ”oebm” tv”qov  sbo”wvev”m soby” b s sovn”ao ” tv”
es  esao sbo”bo” tb v” o wve ”so” tv”o esbo ” av”e oav ” tbwve” ”ovey”so vev  soa”
 sr oeve”Wtsbv” bb” tv”aebo  ”ev  boeve”bovewtvbmsoaby” b s sovbyn”boby” tv” 41-55e”
bov” tbwve” ”rbm bv v”so vev  ”so”  e srs   soan” vbvr soa” tv” mv e”b  sbo”100%”bo”
 tv” smve” tv”rbb v  ”aebo ” b” t  ”ev ob ”w  ” tv” 19-25e”bovn”wtsrt” vbvr ve” mv e”
92e3%”bo” tv” smv.

Wtvo”rbooebo soa” tv v”ev ob  ”ws t” tv”bov ”oebm” tv”reb  ” o by s ”bo” tv”
obbbbwsoa”qov  sbon”wtsrt”  kve” tv”  e srs  o  ”so” tv” ev vorv”bo”sorvo sov ”
wbobe”rboosorv” tvm” b”  e srs   vn” tevv” av”aebo  ”  w” ”eveor sbo”bo”
  e srs  o  ”wtb” vbvr ve” “be:” tv” 15-18e”aebo n” tv” 2S-31e”bov” oe” tv” 32-40e”
bove”�o” tv”b tve”t oen” tv” 41-55e”aebo ”  w”5”  e srs  o  ” o wvesoa” “bee” ts ”s ”
ob ”ovrv   esby” ”ova  sov”ev ob n”ao ”s ”rbobe” r o bby”av” b s sovn” sorv”s ”rbobe”
mv o” t  ” tv v”  e srs  o  ”wbobe”ob ”ovve” oy”sorvo sov ” b”  e srs   v”so” ”
 smsb e”sos s  sove” o vev  soabyn” tv”boby” av”aebo ” t  ”  w” ”aebw t”bo” tv” “be”
 vbvr sbo”w  ” tv” 19-25e”bovn”wtvev” tv” “be”wvo ”oebm”5” b”S.
 o” ees sbo” b” t  n”so” bb”r  v ”vxrv  ”bovn” tv”  e srs  o  ” t  ” vbvr ve” M yave”
wvev”mbev” t o” tv”bov ” t  ” vbvr ve” “bee” tv”boby”vxrv  sbo”w  ” tv”aebo ”
 41-55en”wtvev” tv” mboo ”bo” vbvr sbo”bo” “be” oe” M yave”w  ” tv”  mv:”5”
  e srs  o  n”vqo  soa” b”1Oe2%”bo” tv”bov ”so” ts ” av”aebo .

Fbbbbwsoa” ts ”qov  sbon” tv”  e srs  o  ”wvev”  kve” b” vbvr ”wtsrt”sorvo sov ”
wbobe”av”mbev”voovr sov”so”  oeesoa” tvm”so”  e srs   soa”so” tv”sos s  sov.
 ts ”qov  sbo” bbbwve” tv”  e srs  o  ” b” vbvr ”mob s bv”b  sbo”obe” tvse” o wve n”
 tvevobev”s ”ovveve” ”esoovevo ”   eb rt”so”reb  ” o by soa”s e” tv”fe  ”  v ”w  ” b”
 obse”o soa” tv” b  b”oomave”bo”  e srs  o  ”so” tv” av”aebo  n” sorv”s ”wbobe”ob ”
evfvr ” tv” r o b” mboo ”bo” vbvr sbo ”rtb vo”ay”v rt”bo” tv”  e srs  o  e” o  v en”
 tv”e   ”o ve” b” o by v” tvm”w  ”rbm  esoa” tv” mboo ”bo” smv ”v rt”b  sbo”
w  ”rtb vo”so”v rt” av”aebo e” ts ”w y”s ”w  ” b  sabv” b”ob srv”ab t”wtsrt”wvev”
 tv”mb  ”   v bsoa”b  sbo ”obe”v rt”aebo n”wtsbv” b b” o by soa” tv”sofovorv” t  ”
v rt” av”aebo ”t e”bo” tv”fo b”ev ob  ”bo” ts ”qov  sboe” ts ”mv tbe”wsbb”av”o sbs ve”
obe” bb” tv”b tve”r  v ”bo”mob s bv” vbvr sbo”qov  sbo e” o”beeve” b” bbbw” ”mbev”rbv e”
 sr oev”bo” tv”ev ob  n”ooeve” tv”ae  t”ev  sbsoa” tv”rtbsrv ”bo”v rt” av”aebo ”
 ob tve”ae  t”s ” ev vo n” tbwsoa” tv” b  b” vbvr sbo ”obe”v rt”b  sboe
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S  e soa”oebm” tv” av”aebo ” 15-18en” tv”b  sbo ”rtb vo” tv”mb  ”ay” tv”
  e srs  o  ”so” ts ” av”e oav”wvev” Mbov  ey”rbm vo   sbo”(veae”0n5”)” ve”vm  y”
eooove)e”(14” smv n”vqo  soa” b”13eO%”bo”s  ” b  b” vbvr sbo )n” 
s rboo  ”a  ve”bo” tv”
 mboo ”(wvsat )”bo” b   sr�ev so”aeboat ”a rke”(14” smv n”vqo  soa” b”9%”bo”s  ” b  b”
 vbvr sbo ”bo” ts ”b  sbo)” oe” �eves  ” bw ee ” tv” ebeor  ”bo” ”rve  so”rbm  oy”
(evqosesoa” tv”abx” bb)e”(13” smv n”10e8%”bo”s  ” b  b” vbvr sbo ”bo” ts ”b  sbo)e 
 tv” vrboe” av”aebo n” 19-25en” bav tve”ws t” tv”ovx ” wbn” t ok ” b”s  ”b eave” bbb”
bo”  e srs  o  n”rboveve” ”b eav” mboo ”bo” tv” b  b” vbvr sbo ”obe” bb”bo” tv”b  sbo n”
vxrv  ”obe” “bov”bo” tv” abovee” tv”  e srs  o  ”so” ts ” av”e oav” tbwve”so vev  ”
 bw ee ” tv”fe  ”fov”b  sbo n”e oasoa”so”v rt”bo” tvm”av wvvo”2O” oe”4O”
 vbvr sbo e” o”  e srob en” tv”fe  ”b  sbo”w  ” vbvr ve”30” smv ”(2OeS%”bo”s  ” b  b”
 vbvr sbo )n” tv” vrboe”4O” smv ”(30e4%”bo”s  ” vbvr sbo )” oe” tv”oboe t”35” smv ”
(28e9%”bo”s  ” b  b” vbvr sbo )e” o” ees sbo” b” t  n”so” bb” tevv” ts ” av”aebo ”rboveve”
 tv”tsatv  ” vervo  av”bo” vbvr sbo n”avsoa”vqo bbve”boby”obe” tv”oboe t”b  sbo”ay”
 tv” av”aebo ” 32-40ee” tv” av”aebo ” 19-25e”rboveve” tv”tsatv  ” vervo  av”bo”
 vbvr sbo ” b b”obe” tv”fo t”b  sbon”wtvev”t osoa” vbvr ve”s ”2O” smv ”vqo  ve” b”
35e5%”bo”s  ” b  b” vbvr sbo .
Ssmsb eby” b” tv” evosbo ” av”aebo n” tv”bov”e oasoa”oebm”2S” b”31”yv e ”bbe” tbwve”
so vev  ” bw ee ” tv”fe  ”fov”b  sbo n” tboat”so” ts ”r  v” tv”  e srs  o  ”obro ve”
mbev” bw ee ” tv”fe  ” tevve” t  ”  sen” ts ”s ”bov”bo” tv” tevv” av”aebo  ” t  ”
 bso ve”bo ” t  ”obov”bo” tv” o sb abv”b  sbo ”wvev”  e srob eby”so vev  soan”ebsoa”
 b”2” smv e 
 tv” av”aebo ” 32-40e”obbbbwve” ” smsb e” evoe” b” tv” evosbo ” wbn”ws t”mbev”obro ”
 bw ee ” tv” vrboen” tsee” oe”oboe t”b  sboe” o” ts ”r  vn” ts ” av”aebo ”rboveve”
 tv”tsatv  ” vervo  av”bo” tv” vbvr sbo ”bo” tv” tsee”b  sbon”31n”wtsrt”vqo  ve” b”
33%”bo”s  ” b  b” vbvr sbo e” o” ees sbo” b” t  n” ts ” av”aebo ” b b”rboveve” tv”
tsatv  ” vervo  av”bo” tv” “bov”bo” tv” above”b  sbon”ws t”S” vbvr sbo n”vqo b” b”
50%”bo”s  ” b  b” vbvr sbo .
 tv”aebo ” 41-55e”w  ”so” ” smsb e” b s sbo”  ” tv” 15-18e”bovn”rbo sevesoa” t  ”ab t”
t e” m bb”  e srs  o ” bbb e” t  ”  sen”s ”t e”bbwve”sm  r ”bo” tv” b  b” vbvr sbo ”obe”
 tv”fe  ”fov”b  sbo n”vovo” tboat”s  ”  e srs  o  ”obro ve”bo” tv”fe  n” vrboe” oe”
fo t”bove” ts ” av”aebo ”rboveve” ” siv abv” vervo  av”bo” tv” “bov”bo” tv” above”
b  sbon”33e3%n” oen” bav tve”ws t” tv” 19-25e”aebo n”rboveve”S0%”(30%”bo” tv” b  b”
 vbvr sbo ”v rt)”bo” tv” vovo t” b  sboen”wtsrt”w  ” tv”b vo”   rv”wtvev”
  e srs  o  ”rbobe” oaav  ” o”sorvo sove
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 tv”ovx ” vr sbo”bo” tv” oeovy” b”av”reb  ” o by ve”rboveve” tv”fe  ”bo” tv” tevv”
 bbo sbo ” ev vo ve”so” tv” oeovyn” ”o ve”w   v”evrbovey”sos s  sove” tv”qov  sbo ”
 t  ”wvev” o by ve”obro ve”bo” tv”so vev  ” bw ee ” ” smsb e”sos s  sovn” tv”sofovorv”
bo”sorvo sov n” tv”voovr  ” t  ” ts ”sos s  sov”rbobe”t ov”bo” bmv”   vr  ”bo” tv”
tbaay” oe”tbw”wbobe” tv”rbmmoos y”  e srs   v.

 tv”fe  ”qov  sbo”  kve” tv”rbmmoos y”so” tvy”wvev”so vev  ve”so”  e srs   soa”so”
  se”sos s  sove” tv” o wve ”oebm” tv”qov  sbo”wvev”m soby” b s sovn”ao ” tv”
es  esao sbo”bo” tb v” o wve ”so” tv”o esbo ” av”e oav ” tbwve” ”ovey”so vev  soa”
 sr oeve”Wtsbv” bb” tv”aebo  ”ev  boeve”bovewtvbmsoaby” b s sovbyn”boby” tv” 41-55e”
bov” tbwve” ”rbm bv v”so vev  ”so”  e srs   soan” vbvr soa” tv” mv e”b  sbo”100%”bo”
 tv” smve” tv”rbb v  ”aebo ” b” t  ”ev ob ”w  ” tv” 19-25e”bovn”wtsrt” vbvr ve” mv e”
92e3%”bo” tv” smv.

Wtvo”rbooebo soa” tv v”ev ob  ”ws t” tv”bov ”oebm” tv”reb  ” o by s ”bo” tv”
obbbbwsoa”qov  sbon”wtsrt”  kve” tv”  e srs  o  ”so” tv” ev vorv”bo”sorvo sov ”
wbobe”rboosorv” tvm” b”  e srs   vn” tevv” av”aebo  ”  w” ”eveor sbo”bo”
  e srs  o  ”wtb” vbvr ve” “be:” tv” 15-18e”aebo n” tv” 2S-31e”bov” oe” tv” 32-40e”
bove”�o” tv”b tve”t oen” tv” 41-55e”aebo ”  w”5”  e srs  o  ” o wvesoa” “bee” ts ”s ”
ob ”ovrv   esby” ”ova  sov”ev ob n”ao ”s ”rbobe” r o bby”av” b s sovn” sorv”s ”rbobe”
mv o” t  ” tv v”  e srs  o  ”wbobe”ob ”ovve” oy”sorvo sov ” b”  e srs   v”so” ”
 smsb e”sos s  sove” o vev  soabyn” tv”boby” av”aebo ” t  ”  w” ”aebw t”bo” tv” “be”
 vbvr sbo”w  ” tv” 19-25e”bovn”wtvev” tv” “be”wvo ”oebm”5” b”S.
 o” ees sbo” b” t  n”so” bb”r  v ”vxrv  ”bovn” tv”  e srs  o  ” t  ” vbvr ve” M yave”
wvev”mbev” t o” tv”bov ” t  ” vbvr ve” “bee” tv”boby”vxrv  sbo”w  ” tv”aebo ”
 41-55en”wtvev” tv” mboo ”bo” vbvr sbo”bo” “be” oe” M yave”w  ” tv”  mv:”5”
  e srs  o  n”vqo  soa” b”1Oe2%”bo” tv”bov ”so” ts ” av”aebo .

Fbbbbwsoa” ts ”qov  sbon” tv”  e srs  o  ”wvev”  kve” b” vbvr ”wtsrt”sorvo sov ”
wbobe”av”mbev”voovr sov”so”  oeesoa” tvm”so”  e srs   soa”so” tv”sos s  sov.
 ts ”qov  sbo” bbbwve” tv”  e srs  o  ” b” vbvr ”mob s bv”b  sbo”obe” tvse” o wve n”
 tvevobev”s ”ovveve” ”esoovevo ”   eb rt”so”reb  ” o by soa”s e” tv”fe  ”  v ”w  ” b”
 obse”o soa” tv” b  b”oomave”bo”  e srs  o  ”so” tv” av”aebo  n” sorv”s ”wbobe”ob ”
evfvr ” tv” r o b” mboo ”bo” vbvr sbo ”rtb vo”ay”v rt”bo” tv”  e srs  o  e” o  v en”
 tv”e   ”o ve” b” o by v” tvm”w  ”rbm  esoa” tv” mboo ”bo” smv ”v rt”b  sbo”
w  ”rtb vo”so”v rt” av”aebo e” ts ”w y”s ”w  ” b  sabv” b”ob srv”ab t”wtsrt”wvev”
 tv”mb  ”   v bsoa”b  sbo ”obe”v rt”aebo n”wtsbv” b b” o by soa” tv”sofovorv” t  ”
v rt” av”aebo ”t e”bo” tv”fo b”ev ob  ”bo” ts ”qov  sboe” ts ”mv tbe”wsbb”av”o sbs ve”
obe” bb” tv”b tve”r  v ”bo”mob s bv” vbvr sbo”qov  sbo e” o”beeve” b” bbbw” ”mbev”rbv e”
 sr oev”bo” tv”ev ob  n”ooeve” tv”ae  t”ev  sbsoa” tv”rtbsrv ”bo”v rt” av”aebo ”
 ob tve”ae  t”s ” ev vo n” tbwsoa” tv” b  b” vbvr sbo ”obe”v rt”b  sboe
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S  e soa”oebm” tv” av”aebo ” 15-18en” tv”b  sbo ”rtb vo” tv”mb  ”ay” tv”
  e srs  o  ”so” ts ” av”e oav”wvev” Mbov  ey”rbm vo   sbo”(veae”0n5”)” ve”vm  y”
eooove)e”(14” smv n”vqo  soa” b”13eO%”bo”s  ” b  b” vbvr sbo )n” 
s rboo  ”a  ve”bo” tv”
 mboo ”(wvsat )”bo” b   sr�ev so”aeboat ”a rke”(14” smv n”vqo  soa” b”9%”bo”s  ” b  b”
 vbvr sbo ”bo” ts ”b  sbo)” oe” �eves  ” bw ee ” tv” ebeor  ”bo” ”rve  so”rbm  oy”
(evqosesoa” tv”abx” bb)e”(13” smv n”10e8%”bo”s  ” b  b” vbvr sbo ”bo” ts ”b  sbo)e 
 tv” vrboe” av”aebo n” 19-25en” bav tve”ws t” tv”ovx ” wbn” t ok ” b”s  ”b eave” bbb”
bo”  e srs  o  n”rboveve” ”b eav” mboo ”bo” tv” b  b” vbvr sbo ”obe” bb”bo” tv”b  sbo n”
vxrv  ”obe” “bov”bo” tv” abovee” tv”  e srs  o  ”so” ts ” av”e oav” tbwve”so vev  ”
 bw ee ” tv”fe  ”fov”b  sbo n”e oasoa”so”v rt”bo” tvm”av wvvo”2O” oe”4O”
 vbvr sbo e” o”  e srob en” tv”fe  ”b  sbo”w  ” vbvr ve”30” smv ”(2OeS%”bo”s  ” b  b”
 vbvr sbo )n” tv” vrboe”4O” smv ”(30e4%”bo”s  ” vbvr sbo )” oe” tv”oboe t”35” smv ”
(28e9%”bo”s  ” b  b” vbvr sbo )e” o” ees sbo” b” t  n”so” bb” tevv” ts ” av”aebo ”rboveve”
 tv”tsatv  ” vervo  av”bo” vbvr sbo n”avsoa”vqo bbve”boby”obe” tv”oboe t”b  sbo”ay”
 tv” av”aebo ” 32-40ee” tv” av”aebo ” 19-25e”rboveve” tv”tsatv  ” vervo  av”bo”
 vbvr sbo ” b b”obe” tv”fo t”b  sbon”wtvev”t osoa” vbvr ve”s ”2O” smv ”vqo  ve” b”
35e5%”bo”s  ” b  b” vbvr sbo .
Ssmsb eby” b” tv” evosbo ” av”aebo n” tv”bov”e oasoa”oebm”2S” b”31”yv e ”bbe” tbwve”
so vev  ” bw ee ” tv”fe  ”fov”b  sbo n” tboat”so” ts ”r  v” tv”  e srs  o  ”obro ve”
mbev” bw ee ” tv”fe  ” tevve” t  ”  sen” ts ”s ”bov”bo” tv” tevv” av”aebo  ” t  ”
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Follotine those qlestions, the participants tere asked a olt hot the participation 
in a lser taste recovery initiative tolld inflence some aspects of the ho  y: the 
 ackloe and the plrchasine ha its.

Reeardine the  ackloe, the orieinal qlestion shoted, tith its resllts, that the vast 
majority of the commlnity did not  elieve that participatine tolld help redlcine 
it. This tas refected in the cross analysis, in particllar then comparine the positive 
and neeative ansters of the older aee erolps. While the erolps  etteen “15-18” 
and “26-31” averaeed positive ansters arolnd 26.3% of the time and neeative ones 
arolnd 73.7% of the time, the “32-40” and “41-55” aee erolps had a lareer 
difference: the averaee amolnt of positive ansters tas 11.7%, thile the averaee of 
neeative ones amolnted to 88.3%.

Analysine the reasons thy the participants anstered positively or neeatively, these 
tere divided  etteen the tto, lsine the previols resllts. This tay it tas possi le 
to  etter identify the most common reasons  oth in the commlnity and in each 
aee erolp. The percentaees that till  e lsed till refer to those amolnts.

Reeardine the positive ansters, the majority of the participants in the Vrst aee 
erolp tended to point olt that it tolld incentivize  lildine model kits (33.3% of 
the participants stated so) or that it tolld eenerally redlce the size of the “pile of 
shame” (50% of the positive ansters for this erolp).
The erolp “19-25” shoted similar reasons as the previols one, tith the participants 
that eave the Vrst reason amolntine to 40% and the ones talkine a olt the 
redlction of the  ackloe reachine 25%.
The third aee erolp still foclsed on the Vrst reason (45.4%),  lt, instead of the 
redlction of the  ackloe, stated that the initiative tolld “Rncentivize recycline” 
(27.3%).
The erolp “32-40” stated the same.
Finally, the aee erolp “41-55”, thich reeistered only three participants positive 
totards the effects of the initiative, tas eqlally divided  etteen the Vrst, third and 
folrth reason, as seen on the eraph on the previols paee.

Reeardine the neeative ansters, the Vrst aee erolp foclsed more on the fact that 
the incentive to redlce the  ackloe tas to  lild more model kits (47.1%) or that 
they do not have a  ackloe (29.4%).
All of the other aee erolps, instead, stated mainly that there is no connection 
 etteen time and�or space availa le to  lild more model kits and their tillineness 
to recycle (averaee arolnd 36.4%) or that their incentive sholld  e to  lild more 
kits, not recycline (averaee arolnd 33.1%), similarly to the “15-18” aee erolp.
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Follotine these resllts, the participants tere asked if takine part in this initiative 
tere asked if and hot it tolld inflence their plrchases.
The resllts tere very interestine. While the ones from the orieinal qlestion shoted 
the neeative ansters sliehtly more than the positive ones, then divided in the 
variols aee erolps, some erolps shoted the opposite. Both the “15-18” and “19-25” 
erolps indicated that their participation in the initiative tolld make them 
plrchase more model kits (65.2% and 55.4% respectively). Contrastine that, the 
remainine three erolps tere more in line tith the resllts of the orieinal qlestion, 
averaeine 63.9% of participants choosine the neeative option.

Similarly to the previols analysis, the reasons as for thy or thy not the plrchasine 
ha its tolld  e inflenced tere divided  etteen the positive and neeative 
ansters.

Reeardine the reasons for the positive ansters, the majority of participants in each 
aee erolp stated that they tolld  e inclined to plrchase more thanks to the 
positive feed ack loop comine from participatine in this initiative, thich tolld also 
make them feel less elilty a olt plrchasine more model kits. Rn addition to that, 
 rineine the empty rlnners to a hotspot, especially if located near a ho  y store, 
tolld eive them an e�clse to enter and  rotse the prodlcts, thich tolld likely 
 rine them to plrchase somethine. This reason tas eiven on averaee 66.5% of the 
time, tith the aee erolps “19-25” and “25-31” pointine it olt 77.7% and 78.9% of the 
time, respectively.
Another reason eiven often tas that the incentives tolld make the participants 
spend more. This reason tas pointed olt mainly  y the aee erolps “15-18” and 
“32-40”, 33.3% and 29.2% of the time, respectively.

Reeardine, instead, the reasons  ehind the neeative ansters, the most pointed olt 
 y all aee erolps tas that their spendine ha its tolld not  e inflenced. This 
reason tas stated on averaee 85.2% of the time. The erolp “15-18” stated it 100% of 
the time, thile the erolp “32-40” also stated that they have a V�ed  ldeet to 
spend on the ho  y the most (21.6% of the time).
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arolnd 73.7% of the time, the “32-40” and “41-55” aee erolps had a lareer 
difference: the averaee amolnt of positive ansters tas 11.7%, thile the averaee of 
neeative ones amolnted to 88.3%.

Analysine the reasons thy the participants anstered positively or neeatively, these 
tere divided  etteen the tto, lsine the previols resllts. This tay it tas possi le 
to  etter identify the most common reasons  oth in the commlnity and in each 
aee erolp. The percentaees that till  e lsed till refer to those amolnts.

Reeardine the positive ansters, the majority of the participants in the Vrst aee 
erolp tended to point olt that it tolld incentivize  lildine model kits (33.3% of 
the participants stated so) or that it tolld eenerally redlce the size of the “pile of 
shame” (50% of the positive ansters for this erolp).
The erolp “19-25” shoted similar reasons as the previols one, tith the participants 
that eave the Vrst reason amolntine to 40% and the ones talkine a olt the 
redlction of the  ackloe reachine 25%.
The third aee erolp still foclsed on the Vrst reason (45.4%),  lt, instead of the 
redlction of the  ackloe, stated that the initiative tolld “Rncentivize recycline” 
(27.3%).
The erolp “32-40” stated the same.
Finally, the aee erolp “41-55”, thich reeistered only three participants positive 
totards the effects of the initiative, tas eqlally divided  etteen the Vrst, third and 
folrth reason, as seen on the eraph on the previols paee.

Reeardine the neeative ansters, the Vrst aee erolp foclsed more on the fact that 
the incentive to redlce the  ackloe tas to  lild more model kits (47.1%) or that 
they do not have a  ackloe (29.4%).
All of the other aee erolps, instead, stated mainly that there is no connection 
 etteen time and�or space availa le to  lild more model kits and their tillineness 
to recycle (averaee arolnd 36.4%) or that their incentive sholld  e to  lild more 
kits, not recycline (averaee arolnd 33.1%), similarly to the “15-18” aee erolp.
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the neeative ansters sliehtly more than the positive ones, then divided in the 
variols aee erolps, some erolps shoted the opposite. Both the “15-18” and “19-25” 
erolps indicated that their participation in the initiative tolld make them 
plrchase more model kits (65.2% and 55.4% respectively). Contrastine that, the 
remainine three erolps tere more in line tith the resllts of the orieinal qlestion, 
averaeine 63.9% of participants choosine the neeative option.

Similarly to the previols analysis, the reasons as for thy or thy not the plrchasine 
ha its tolld  e inflenced tere divided  etteen the positive and neeative 
ansters.

Reeardine the reasons for the positive ansters, the majority of participants in each 
aee erolp stated that they tolld  e inclined to plrchase more thanks to the 
positive feed ack loop comine from participatine in this initiative, thich tolld also 
make them feel less elilty a olt plrchasine more model kits. Rn addition to that, 
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 y all aee erolps tas that their spendine ha its tolld not  e inflenced. This 
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141

Cross Analysis of
the Answers

R
e

c
o

v
e

ri
n

g
 w

a
s
te

 f
ro

m
 t

h
e

 u
s
e

rs

The last element from this section to be cross analysed was the participation in the 
initiative. The key points were the location where the model builders prefer 
bringing the runners, how much and how often.

Similarly to the results from the original question, the majority of participants from 
each age group preferred bringing the runners to hobby stores, rather than in 
dedicated hubs. In the cases of the largest three age groups, the options of 
dedicated hubs was chosen around 26.6% of the time.
Another element that emerged from the original answer was the possibility to send 
the runners by mail. The age groups that pointed out this possibility were “19-25”, 
“26-31”, “32-40” and “41-55”.

Following this analysis, the question asking whether the participants would bring 
all the runners showed interesting results. As seen in the original question, the 
majority of participants would do so, but the three largest groups do not show the 
same difference. When confronting the answers, it is possible to notice that both 
the “15-1$” and “41-55” groups were more inclined towards bringing all the empty 
runners (average of 75.4%) than the remaining groups, which stated that they 
would not bring all the runners 36.3% of the time on average.
When asked why not, the vast majority of participants that did not want to bring all 
the runners stated that there was still some use to the runners and that they 
wanted to keep some in order to reuse them. This is in line with the results from the 
cross analysis on the waste from the model kit: these age groups were the ones 
that stated that they reused the runners the most.

The  nal question regarding this section to be cross analysed asked the 
participants how often they would bring the runners. The results from this analysis 
showed the biggest �aw of this initiative: the majority of participants of all age 
groups stated that they would bring the runners “Only when going buying other 
model kits”. This, paired with the fact that the participants showed that their 
frequency of purchase is not particularly high, indicates that the recovery network 
could need a very thorough development in order to face this issue.
That said, many participants from the age groups “15-1$”, “26-31”, “32-40” and “41-55” 
stated that they would bring the runners “Once every two-three months”, giving a 
more precise time frame. In addition to that, participants in the “19-25” group stated 
that their frequency could be “Once a month”, again giving a plausible time frame. 
This is also the largest age group, slightly more representative of the community 
than the other ones.
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runners (average of 75.4%) than the remaining groups, which stated that they 
would not bring all the runners 36.3% of the time on average.
When asked why not, the vast majority of participants that did not want to bring all 
the runners stated that there was still some use to the runners and that they 
wanted to keep some in order to reuse them. This is in line with the results from the 
cross analysis on the waste from the model kit: these age groups were the ones 
that stated that they reused the runners the most.

The  nal question regarding this section to be cross analysed asked the 
participants how often they would bring the runners. The results from this analysis 
showed the biggest �aw of this initiative: the majority of participants of all age 
groups stated that they would bring the runners “Only when going buying other 
model kits”. This, paired with the fact that the participants showed that their 
frequency of purchase is not particularly high, indicates that the recovery network 
could need a very thorough development in order to face this issue.
That said, many participants from the age groups “15-1$”, “26-31”, “32-40” and “41-55” 
stated that they would bring the runners “Once every two-three months”, giving a 
more precise time frame. In addition to that, participants in the “19-25” group stated 
that their frequency could be “Once a month”, again giving a plausible time frame. 
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The next section of the survey that was cross analysed was the one regarding the 
second solution: the adoption of new technologies or materials in the production 
processes by the companies and how the community would react.
The questions that were cross analysed in this section focused on the community 
reaction towards new materials and the doubts that can come from them.

The frst step was to understand how much each age group was interested in 
purchasing a model kit produced in a different material from plastic or resin. As 
seen in the analysis of this question, the community seemed mostly interested in 
this option, and this was confrmed from the results of this frst analysis. .n 
particular, it is possible to notice that, while the age groups between “15-18” and 
“32-40”, while interested, still presented an amount of sceptical participants (which 
amounted between 26.1% to 42.6%), the group “41-55” responded almost completely 
“Yes”, with only 2 participants (6.8%) not being interested.

Subsequently, the next question to be cross analysed asked the participants 
whether they would trust said changes. This question was open, allowing the 
participants to elaborate. As stated in the previous section of the chapter, the 
answer could be mainly summarised in four main categories: “Yes”, “To”, “Only after 
reviews” and “Try for myself before trusting”.
The results from this analysis showed some interesting information. All the age 
groups had as most indicated category the frst one, “Yes”, but the distribution 
between the remaining three was consistent between groups. With the majority of 
age groups selecting it between 34% and 44.6% of the time, the only group that 
chose this category more was “42-55”, which opted for “Yes” 62.1% of the time, 
showing more trust than any other group of participants.
The category “To” was consistently pointed out around 30% of the time, with the 
group that chose it the least (“42-55”) selecting it 27.6% of the time, while the group 
that opted for it the most (“19-25”), did so 33.8% of the time. When it came to the 
other two categories of answers, the distribution was relatively balanced inside 
each age group. The group “15-18” showed more trust in reviews (17.4%) and less 
interest in trying the new material for themselves (13%), while the group “19-25” was 
balanced, opting for each category 10.8% of the time.
The age group “26-31” was the one with the largest gap between the two 
categories, choosing to trust reviews 22% of the time, while trying the new material 
only 12% of the time.
The only group that was more interested in experimenting with the material rather 
than waiting for reviews was “32-40”, pointing the two categories 19.7% and 14.7% of 
the time respectively.
Finally, the group “41-55” was very close in balancing the two, since “Only after 
reviews” was pointed out twice (6.9%), while “Try for myself before trusting” was 
indicated only once (3.4%).
As expected, the community seem to be willing to trust companies about new 
materials, but not without a certain amount of scepticism.
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question concerning said doubts was a multiple selection one and the analysis was 
conducted in the same way as for the question regarding which incentives the 
participants would prefer. .n this case as well, the total amount of selection for each 
option is reported with a graph next to the one dividing the answers between age 
ranges.

Comparing the amounts of selections for each option by each age group it is 
possible to notice an interesting trend: all of the age groups are concerned with an 
increase in prices and a decrease in quality, which is understandable, considering 
that the model building hobby could become quite expensive, depending on the 
complexity of the model kit itself. That said, it is very interesting how the selections 
for each age group are distributed between the options. 
All age groups have a minor number of participants that expressed concerns not 
present in the available options, with the two largest groups, “19-25” and “31-40”, 
having the highest amount.
On the other hand, all groups covered each option relatively equally. For example, 
the group “15-18” consistently covered between 9.4% and 10.8% of the total 
selections for the three available options, similarly to the group “41-55”, which 
covered between 9.3% and 11.8% of those totals. The remaining three groups 
behaved similarly, with the exception of the group “19-25” for the frst option 
“�igher prices”. .n this case, this group covered 32.4% of the total selections. 
Similarly, the group “32-40” covered 29.9% of the total selections for the third 
available option, “-iffculty in using the usual tools to build the kits”.
Otherwise, the three groups “19-25”, “26-31” and “32-40” all covered between 22% 
and 26.9% of the selections for the various options.

As a fnal note, the community continues to demonstrate common doubts and 
interests towards the solutions presented to them, again seemingly confrming the 
hypothesis of a self-in�uencing community.
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participants to elaborate. As stated in the previous section of the chapter, the 
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age groups selecting it between 34% and 44.6% of the time, the only group that 
chose this category more was “42-55”, which opted for “Yes” 62.1% of the time, 
showing more trust than any other group of participants.
The category “To” was consistently pointed out around 30% of the time, with the 
group that chose it the least (“42-55”) selecting it 27.6% of the time, while the group 
that opted for it the most (“19-25”), did so 33.8% of the time. When it came to the 
other two categories of answers, the distribution was relatively balanced inside 
each age group. The group “15-18” showed more trust in reviews (17.4%) and less 
interest in trying the new material for themselves (13%), while the group “19-25” was 
balanced, opting for each category 10.8% of the time.
The age group “26-31” was the one with the largest gap between the two 
categories, choosing to trust reviews 22% of the time, while trying the new material 
only 12% of the time.
The only group that was more interested in experimenting with the material rather 
than waiting for reviews was “32-40”, pointing the two categories 19.7% and 14.7% of 
the time respectively.
Finally, the group “41-55” was very close in balancing the two, since “Only after 
reviews” was pointed out twice (6.9%), while “Try for myself before trusting” was 
indicated only once (3.4%).
As expected, the community seem to be willing to trust companies about new 
materials, but not without a certain amount of scepticism.
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for each age group are distributed between the options. 
All age groups have a minor number of participants that expressed concerns not 
present in the available options, with the two largest groups, “19-25” and “31-40”, 
having the highest amount.
On the other hand, all groups covered each option relatively equally. For example, 
the group “15-18” consistently covered between 9.4% and 10.8% of the total 
selections for the three available options, similarly to the group “41-55”, which 
covered between 9.3% and 11.8% of those totals. The remaining three groups 
behaved similarly, with the exception of the group “19-25” for the frst option 
“�igher prices”. .n this case, this group covered 32.4% of the total selections. 
Similarly, the group “32-40” covered 29.9% of the total selections for the third 
available option, “-iffculty in using the usual tools to build the kits”.
Otherwise, the three groups “19-25”, “26-31” and “32-40” all covered between 22% 
and 26.9% of the selections for the various options.

As a fnal note, the community continues to demonstrate common doubts and 
interests towards the solutions presented to them, again seemingly confrming the 
hypothesis of a self-in�uencing community.
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The fnal section of the survey to be cross analysed was the one regarding the 
comments from the participants on the waste recovery initiative.

Starting with asning the participants if, in their opinion, model builders would be 
interested in participating, the results of the analysis refected the ones from the 
question: all age groups were strongly convinced that the community would be 
interested, eVcept for the “41-55” age group, which had around a third of its 
participants being more sceptical about it.

Following that analysis, the focus shifted towards the reasons behind their answer. 
Similarly to how previous open questions were handled, the positive and negative 
reasons were separated, then divided between age groups using the profling 
information. As a reminder, the percentages that will be listed will refect this 
separation between positive and negative answers, worning on those amounts and 
not on the total participants for each age group.
All the age groups seemed to choose similar reasons the most when justifying their 
answers, even if the distribution varies from one group to the other.
As it is possible to notice from the graph, the frst three reasons were listed the 
most for all age groups, especially “Interest in recycling/becoming more 
sustainable (both companies and model builders)”, which was pointed out 50% of 
the time by the “15-18” age group, and an average of 28.8% of the times by the other 
four groups. The small pool of participants in the “15-18” group caused its reasons to 
be more focused on the frst two, while the other groups, thanns to their larger 
pools, pointed out different reasons more.
This can be easily seen in the amount of answers for the second reason, “Dost 
model builders are conscious of the waste part of model nits”, where the “15-18” 
group shared it 25% of the time, much more often than the other four, which 
averaged around 20.8%.
Another eVample of this is apparent when comparing the percentages of 
participants for each age group that gave as a reason “Dodel builders do not always 
have means to recycle the runners, so giving them an option would be welcome”. 
The “15-18” group gave that reason 10% of the time, the “19-25” did so 19.3% of the 
time, while the other three pointed it out more than 20% of the time, averaging 
21.5%.
In addition to that, all the groups outside “15-18” saw them give the remaining four 
reasons fewer times more gradually, even though both the groups “32-40” and 
“41-55” did not have participants pointing out the ffth one, ““ompany public image 
would improve, together with economic gain”. 

Regarding, instead, the reasons why model builders may not be interested, the 
reasons listed were more or less shared by most of the age groups, with only the 
“15-18” one not indicating either “The initiative would cost too much to the 
companies to be implemented for meagre results” or “The effort in bringing the 
runners may not be worth the rewards”. This, though, could be linned to the fact 
that this age group had a smaller pool of participants than the rest.
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The fnal question to be cross analysed asned the participants if, in their opinion, a 
waste recovery initiative would be helpful in lowering the usage of virgin plastic 
material in the model nit industry.
As a reminder, the answers given by the participants in this question were relatively 
in line with the ones given for previous ones, while the negative answers were 
rooted in scepticism towards the effectiveness that a niche marnet, with doubts on 
the frequency of the actual recovery and the participation of the community.

The results from this analysis were generally in line with the ones seen in the 
question, with each age group leaning towards a positive outloon. Four age groups 
(“15-18”, “19-25”, “26-31” and “32-40”) were more optimistic, averaging 63.2% “Yes”. 
The group “41-55”, instead, was less positive, giving a positive answer 55.2% of the 
time.
When comparing the negative and undecided answers, the four groups were more 
or less in line with each other, though the ranges were relatively large, with a 
difference of around 9 percentage points in both cases.
The negative answers ranged between 18% (group “26-31”) and 2~.~% (group 
“19-25”), while the undecided answers ranged between 9.8% (group “32-40”) and 
18% (group “26-31”).
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reasons listed were more or less shared by most of the age groups, with only the 
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The fnal question to be cross analysed asned the participants if, in their opinion, a 
waste recovery initiative would be helpful in lowering the usage of virgin plastic 
material in the model nit industry.
As a reminder, the answers given by the participants in this question were relatively 
in line with the ones given for previous ones, while the negative answers were 
rooted in scepticism towards the effectiveness that a niche marnet, with doubts on 
the frequency of the actual recovery and the participation of the community.

The results from this analysis were generally in line with the ones seen in the 
question, with each age group leaning towards a positive outloon. Four age groups 
(“15-18”, “19-25”, “26-31” and “32-40”) were more optimistic, averaging 63.2% “Yes”. 
The group “41-55”, instead, was less positive, giving a positive answer 55.2% of the 
time.
When comparing the negative and undecided answers, the four groups were more 
or less in line with each other, though the ranges were relatively large, with a 
difference of around 9 percentage points in both cases.
The negative answers ranged between 18% (group “26-31”) and 2~.~% (group 
“19-25”), while the undecided answers ranged between 9.8% (group “32-40”) and 
18% (group “26-31”).
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This chapter will focus on the case studies identifed and analysed in order to 
understand and develop the solutions described previously. These case studies 
were researched during the development of said solutions and helped understand 
the key point for each one of them. In particular, the case studies that will be 
described are the ones that helped develop the three solutions that the 
multicriteria analysis found most effective: the adoption of a new material or 
technology, the recovery and reuse of the waste from the users and the 
development of a third party recovery network that would transform the plastic in a 
new material.

The frst case study is related to the adoption of new materials or technologies. 
Researching the topic of the technologies used to produce model kits in plastic, it 
appeared that there was no interest in trying to innovate. The main reason is that 
the technologies in use today (in½ection moulding and vacuum forming) already 
allow for industrial volume of production, lowering the prices of the model kits and 
maintaining constant qualitys
There is, however, interest towards developing alternative materials to plastic that 
could be used in the same production cycles already in use.

The material studied is defned as »Thermoplastic Resin Composition¸, a new 
thermoplastic resin composed of a blend of polymer and an inorganic fller. The 
commercial name of this material is »Limex¸, and it will be used to reference it in 
this thesis. Limex is produced by the Japanese company TBM Co, Ltd [3ª]s
This material is produced by blending together a thermoplastic resin 
(Polypropylene) with an inorganic fller, Calcium Carbonate (CaCC3), in a blend ratio 
that can vary between §¦:§¦ and Ó¦:9¦ by ¤ of mass. The lower amount is the 
thermoplastic resin, while the higher amount is the fllers
The company producing Limex claims that it can be used both as a substitute of 
plastic, using the common production methods, and of paper, by producing sheetss
In addition to that, this material has a lower greenhouse gasses emission rate from 
procurement to disposal of both already in use thermoplastic resins and papers
TBM also claims that Limex can be upcycled.

Limex has been patented in a variety of countries, like Japan, United States, various 
European countries (e.g. Italy, Belgium, Germany and the United Kingdom) [39]s
It is already in use in a variety of products, both as a plastic substitute (Image 3�) 
and a paper substitute (Image 3§). Recently, the company BA�´AI SPRITS released 
a few model kits in Limex, depicting, between the others, the skeletons of a 
Tyrannosaurus Rex and the skeleton of a Triceratops.
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Limex is produced by blending together a thermoplastic resin, an inorganic fller 
and, if necessary, additives to give the resulting blend particular additional 
propertiess
Both the resin and the fller must follow some guidelines in order to provide a 
satisfactory result.

The thermoplastic resin is itself a blend of two polymers. The ones used by TBM are 
Propylene -based polymers, one with no long chain branching and one with long 
chain branching, in a blend ratio that can go between ª¦:�¦ and 9ª:� ¤ of mass, 
respectivelys
While the Limex produced and sold by TBM is Propylene-based, in the patents the 
company stated that other thermoplastic resins may be used, either as a substitute, 
or added to the blend. These resins, though, must fullfll some prerequisitess
First of all, the resin blended together with the Propylene-based ones must not 
impair the effects provided by those. This requisite is particularly important, since 
the blend of resins must allow for consistent properties, especially when 
considering that blending this resulting resin will have to give plastic properties to 
the inorganic fller. Since the fller will comprise at least half of the mass of Limex, 
the resin blend will have to be consistent in key elements like the internal structure 
(consistent amounts of amorphous and crystalline structure), reaction to heat and 
mechanical and physical resistancess
In the patent, TBM also provided a list of acceptable resins: Polyolefn resins, 
biodegradable resins, Polybutylene Terephthalate (PBT) and Polyethylene 
Terephthalate (PET). Since the Propylene-based polymers used are Polyolefn resins, 
the company stated that resins from the same family could be compatible. When 
considering the biodegradable resins, the company gave a short list of specifc 
examples: Polylactic Acid (PLA), Polycaprolactone(PCL), Polybutylene Succinate 
(PBS), Polybutylene Adipate (PBA), Polyethylene Succinate (PES), and Cellulose 
Esters
Another key information given by TBM in this section of the patent is the fact that 
resins with a crystalline structure are preferred. The wording of this statement is 
very important, since it highlights that crystalline structures in the resins used are 
not a necessity. Considering that the type of structure gives the polymer different 
properties, it could be possible that using a polymer with an amorphous structure 
rather than a crystalline one could be benefcial in some applications. The main 
differences are the elasticity of the material (polymers with crystalline structures 
tend to be more rigid), the fusion temperature (amorphous polymers tend to melt 
at lower temperatures over a larger range of temperatures), the chemical resistance 
(higher in crystalline polymers) and the hardness (amorphous polymers are soft, 
crystalline ones are hard)s
TBM also gave examples of crystalline macromolecules in Polypropylene and 
Polyethylenes
A fnal note given on the topic of different resins is the statement that these 
alternative thermoplastics may be copolymers with other monomers.

Image 32. Example of Polypropylene pellets
Image 33. Example of l�me�tone

Image 3�. Example� of art�Éle� proÎÒÉeÎ Ð�t ¶�mex pla�t�g
Image 3§. Example� of art�Éle� proÎÒÉeÎ Ð�t ¶�mex �eets
Image 3b. ®anÎa� moÎel Ë�t� proÎÒÉe� �n ¶�mex
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Image 3§. Example� of art�Éle� proÎÒÉeÎ Ð�t ¶�mex �eets
Image 3b. ®anÎa� moÎel Ë�t� proÎÒÉe� �n ¶�mex
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The production of articles in Limex is described in the patent as not particularly 
limited, since the methods that can be employed are already known and common.
A list of examples was given. The methods with which Limex can be formed in 
fnished products include: extrusion forming, innection forming, vacuum forming 
blow forming and calendar forming. This is possible thanks to the fact that, once 
the components of Limex are blended together, the material is then processed 
either directly in a fnished article, or in pellets, which can be easily fed in a forming 
machine through its hopper.
Furthermore, details related to foam forming were given. In particular, the 
company stated that common foaming methods may be used: extrusion foaming, 
blow foaming, solid phase foaming such as bead foaming, batch foaming, press 
foaming, and secondary foaming under normal pressure.

In the patent, TBM stated that an optimal forming temperature can not be easily 
determined, since the temperature varies to a certain extent depending on the 
forming method.
For example, a fnished product formed at a temperature between 1�½ and 23½£ C 
would have excellent drawdown and extension properties, with the shape being 
formed without local degenerations. This effect is linked to the internal structure of 
the resin composition, since the temperature and its cooling times inÆuence the 
internal structure.

Thanks to the possibility of using Limex in the most common plastic forming 
processes, the products that can be manufactured using this material is variegated. 
A product lineup (Image 45) was presented by TBM, which includes: containers, 
mask cases, offce supplies (e.g. folders and pens), household items (e.g. combs and 
toothbrushes, which also show that the material can come in contact with human 
skin) and backlight panes for marketing. In addition to those products, others are in 
development, such as honeycomb boards for industrial use and furniture surface 
sheets. A biodegradable version of Limex is also in development [4½].

Thanks to the particular composition of Limex, it is possible to compare it with 
other thermoplastic materials in order to understand the differences in greenhouse 
gasses emissions. The company TBM, on their site, reports the effective differences 
in emissions from the raw material procurement to the disposal between Limex 
and other thermoplastics [41].
This comparison could be made measuring the amount (in kilograms) of CO2 
produced for various factors, depending on the comparison: for a general one 
between materials, the factor indicated was 1 kilogram of resin. For the production 
of articles, the amount of CO2 compared was per item produced.
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The frst comparison is between various types of pellet of Limex with Polypropylene, 
Polystyrene and ABS. The pellets analysed were: general thermoforming pellets, 
blown flm moulding pellets and innection moulding pellets. All three types scored a 
much lower amount of CO2 produced per 1 kilograms, reaching respectively 1.5 kg, 
1.8 kg and 2.7 kg. Compared with Polypropylene, which had the lowest amount of 
CO2 produced between the three thermoplastics at 5.3 kg, the three types of 
pellets showed a reduction of CO2 produced of 725 for thermoforming pellets, a 
reduction of 665 for blown flm pellets and a reduction of 555 for innection pellets 
(Image 41).

When comparing the greenhouse gasses produced from thermoformed products, 
Limex scored 54.6 kg per kilogram of thermoplastic composition, showing a 
reduction of around 125 from Polypropylene (61.� kg) thermoformed products, a 
reduction of 3½5 from Polystyrene (7�.2 kg) products and a reduction of 365 from 
P
T (85.2 kg) products (Image 42).

Another comparison was made on blown flm products, still based on kilograms of 
CO2 produced per kilogram. In this case, though, the materials compared also 
included Biodegradable Limex, which saw its frst development for the production 
of shopping bags.
In this case, the Biodegradable Limex showed a larger difference in CO2 produced 
when compared to 	<P
 (	igh <ensity Polyethylene), e�ual to 545, than the 
difference between Limex and 	<P
 (245) (Image 43).

The fnal comparison shows the difference between innection moulded products. As 
for the previous cases, a product made out of Limex produces less CO2 than the 
materials already in use (5.84 kg). In this case, the difference is less stark when 
compared to Polypropylene (115) than when compared with Polystyrene (2�5) and 
ABS (325). Also, in this case, the amount of CO2 is analysed based on unit produced.

These comparisons show that the claims about the reduction of greenhouse gasses 
seem to be proven right, but, in the cases where the difference is relatively small 
(mainly when it comes to product made out of Polypropylene), it could be diffcult 
to integrate Limex in the production processes, since the production costs of this 
thermoplastic composition may not be outweigh by the ecological effects. On the 
other hand, when it comes to larger differences, the adoption of this new material 
may be much more benefcial to a plastic manufacturing company, at least from a 
public image perspective [42].

Image 41. General comparison of Greenhouse Gasses emissions between materials
Image 4¥. �omparison of Greenhouse Gasses emissions in thermoformed products
Image 4¹. �omparison of Greenhouse Gasses emissions in inÆation moulded 
products
Image 44. �omparison of Greenhouse Gasses emissions in in¡ection moulded 
products
Image 4�. &roduct lineup presented on the ¤�� site
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Sheet production using Limex has been developed in order to substitute paper.
In order to allow for the production of sheets of various thicknesses, the material 
has been developed in order to allow using production methods that have as 
output a result that can be fed in a sheet making machine, which will draw and 
thin out the material until at the desired thickness.

While conventional sheet production methods, already in use for plastic sheets can 
be used, the preferred method is extrusion forming, thanks to the smoothness of 
the material surface.
In addition to that, a direct production method, in which the components of the 
thermoplastic composition are kneaded and formed simultaneously, is preferred. In 
particular, in order to immediately obtain a sheetilike result, a twiniscrew extrusion 
forming machine, with a Tidie system is used (Image 50).
Then, this frst result can be stretched in a unidirectional, bidirectional or multiiaxial 
direction (e.g. tubular method), either during or after forming. If the stretching is 
biaxial, it may be sequential or simultaneous.
If the stretching is applied after the initial forming (e.g. longitudinal and/or 
transverse stretching), it decreases the density of the sheet, making it lighter. This 
happens because during the stretching, microscopic gaps open on the surface of 
the sheet, making it thinner, lighter and more fexible.
In addition to that, this stretching process, together with the inorganic fller, 
improves the whiteness of the sheet.

The Limex sheets can be divided in three categories.
The frst is called “White/soft Limex”, and it is a supple type with high whiteness 
and low specifc gravity. It is produced in the largest variation of thicknessess 80,150, 
200, 300 and 400 nm. It is produced either in sheets or rolls (for rolls, only 
thicknesses of 150, 200 and 300 nm). ´t the moment, this type of Limex is mainly 
used for booklets, fyers, posters, business cards, menu tables, folding boxes, 
tapestries and POPs.
The second type of Limex is called “Translucent/hard Limex”. This material is 
produced in a much smaller amount of thicknessess 150, 200 and 300 nm, and it is 
used mainly for fles, mask cases, illumination flms and folding boxes (assembled 
boxes).
Finally, “White/hard Limex” is a version with high whiteness and frmness, is 
produced in the thicknesses of 300 and 400 nm, and it is used for table menus, 
packages, door tags, store POPs, hand fans and calendars.
The product lineup (Image 49) illustrates the variety of products that can be made 
with Limex sheets.
It is not possible to produce transparent Limex sheets, since the inorganic fller 
makes so that the default colour of the material is white. The translucent version of 
the material, though, is optimal for backlight panels.
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When compared to traditional paper, Limex sheets do not require the use of trees 
or water, signifcantly reducing the impact that this material would have on the 
environment. That said, since it is a thermoplastic material, it will still have an 
impact, caused by the production of greenhouse gasses from raw material 
procurement to disposal *43#.
In the case of thermoplastic sheets, T�� showed the differences between the types 
of Limex, the difference between Limex sheets and other thermoplastic sheets, and 
the differences between coated Limex paper with thermoplastic sheets and 
synthetic paper. In all cases, the amounts of kilograms of CO2 produced were 
compared per square metre of sheets.
When comparing the various types of Limex sheet, it is possible to notice that the 
same thickness of 150 nm, “White soft” has a slightly lower emission of gasses than 
“Translucent hard” (0.49 kg and 0.6 kg respectively). The same results can be seen 
for the thickness of 200 nm (0.6 kg and 0.88 kg) and when comparing “White soft” 
with “White hard” for the thicknesses of 300 and 400 nm. These result indicate that 
the use of each material (and, therefore, the physical properties required), infuence 
the environmental impact of the types of sheets (Image 46).

Comparing, instead, the “White soft” and “Translucent hard” types of Limex with 
other thermoplastic sheets, it is shown that the Limex sheets produce less 
greenhouse gasses than all the other thermoplastic sheets.
In addition to that, when compared to the most impactful one (PET sheets, 1.45 kg 
of CO2 produced), the “White soft” registers a reduction of greenhouse gasses 
equal to 66% (0.5 kg), while “translucent hard” sees a difference of 52% (0.7 kg) 
(Image 47). This comparison was done with sheet 150 nm thick.

Comparing 80 nm coated sheets, the doubleisided coated Limex ones register a 
reduction of gasses production of 66% (0.28 kg) when compared to PET sheets.
Singleiside coated Limex sheets see a reduction of greenhouse gasses production 
of 52% (0.27 kg) when compared to synthetic paper (Image 48) *44#.

Image 46. General comparison of Greenhouse Gasses 
emissions between grammages
Image 4	. �omparison of Greenhouse Gasses emissions 
between 150 nm sheets
Image 4�. �omparison of Greenhouse Gasses 
emissions between �0 nm sheets
Image 4�. ¨roduct lineup presented on the ¥�� sitn
Image 50. �xample of a twin�screw extrusion forming 
machine and diagram of a sheet extrusion die
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same thickness of 150 nm, “White soft” has a slightly lower emission of gasses than 
“Translucent hard” (0.49 kg and 0.6 kg respectively). The same results can be seen 
for the thickness of 200 nm (0.6 kg and 0.88 kg) and when comparing “White soft” 
with “White hard” for the thicknesses of 300 and 400 nm. These result indicate that 
the use of each material (and, therefore, the physical properties required), infuence 
the environmental impact of the types of sheets (Image 46).

Comparing, instead, the “White soft” and “Translucent hard” types of Limex with 
other thermoplastic sheets, it is shown that the Limex sheets produce less 
greenhouse gasses than all the other thermoplastic sheets.
In addition to that, when compared to the most impactful one (PET sheets, 1.45 kg 
of CO2 produced), the “White soft” registers a reduction of greenhouse gasses 
equal to 66% (0.5 kg), while “translucent hard” sees a difference of 52% (0.7 kg) 
(Image 47). This comparison was done with sheet 150 nm thick.

Comparing 80 nm coated sheets, the doubleisided coated Limex ones register a 
reduction of gasses production of 66% (0.28 kg) when compared to PET sheets.
Singleiside coated Limex sheets see a reduction of greenhouse gasses production 
of 52% (0.27 kg) when compared to synthetic paper (Image 48) *44#.

Image 46. General comparison of Greenhouse Gasses 
emissions between grammages
Image 4	. �omparison of Greenhouse Gasses emissions 
between 150 nm sheets
Image 4�. �omparison of Greenhouse Gasses 
emissions between �0 nm sheets
Image 4�. ¨roduct lineup presented on the ¥�� sitn
Image 50. �xample of a twin�screw extrusion forming 
machine and diagram of a sheet extrusion die
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As a material Limex has a base of thermoplastic resin, which can mean that, as the 
majority of them, it can be recycled. The company TBM does indeed claim that in 
can be recycled and even upcycled.
Together with the comparisons related to greenhouse gasses present on its site, 
TBM included the reduction of emissions if, at the disposal step of the life cycle of 
the material, it gets recycled instead of getting incinerated.
In the case of Limex formed articles (Image 54), the reduction equates to 42%, with 
the recycling making the �nal total emissions of formed plastic articles amount to 
31.7 kg of CO2 per product, while incinerated articles produce a total of 54.6 kg of 
CO2.
In the case of Limex sheets, the comparison was made for sheets 150 nm thick 
(Image 55) and 80 nm thick (Image 56). While in both cases there was a large 
difference, interestingly the thicker sheets show a slightly larger difference: the 
reduction amounted to 48% (0.37 kg when recycling, 0.7 kg when incinerating). 
When recycling 80 nm sheets, the reduction amounted to 43% (0.16 kg of CO2 
emitted when recycling, 0.28 kg when incinerating) [45].

In order to process Limex waste, TBM opened a recycling plant in ·okosuka City, in 
the �anagawa Prefecture [46].
In this plant, they are able to sort the plastic waste using infrared technology and 
recycle it in pellets. The waste recycled is not limited to Limex, though. Instead, TBM 
works with a variety of plastic waste, including Polypropylene, Low Density 
Polyethylene, High Density Polyethylene and Polystyrene. They process around 
40’000 tons of material each year, with an output of around 24’000 tons.
The material output is called �Circulex~ and is a recycled material made from used 
plastics and Limex. The products made using Circulex include garbage bags and 
umbrellas.

The recycling method used by TBM is known as mechanical recycling, where the 
recovered waste is sorted, crushed in smaller pieces, washed to remove impurities, 
then pelleti�ed. A �nal quality check looks for defects and other potential issues.
The produced pellets are then sent to the manufacturing plants, the }hiroishi 
factory and the Tagajo factory.
The }hiroishi factory is the base for research and development, as well as human 
resources development, and is the foundation for the business expansion of TBM. It 
has the lowest production volume of the TBM plants, at 6’000 tons each year.
The Tagajo factory is a mass production plant, where the bulk of productions takes 
place. This facility also promotes technology exports around the world, mainly in 
areas where water resources are scarce. The production volume amounts to around 
23’000 tons per year.
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As a �nal note, the upcycling that TBM references when depicting it in Image 58 
has the meaning of creating a new material starting from a waste. As it can be seen 
in the scheme, the upcycling step happens after the collection of post-use Limex 
sheets and in-process waste, which are collected and recycled in pellets. These 
pellets enter again in the production cycle, feeding the whole upcycling process 
with new in-process waste and, with time, either moulded products that become 
waste, or other post-use sheets.
This is a more industrial approach to upcycling, contrasting with the more common 
meaning of the term. As a matter of fact, it is much more similar to downcyling, 
though there is no loss of quality in the resulting material. Instead, the output of 
this cycle is again Limex, going back to its original state as pellets.

Image 54. Leduction of greenhouse gasses emissions 
by recycling products in Limex
Image 55. Leduction of greenhouse gasses emissions 
by recycling Limex sheet 150 nm thic<
Image 56. Leduction of greenhouse gasses emissions 
by recycling Limex sheet 80 nm thic<
Image 57. ·okosuka plant recycling cyclV
Image 58. Lecycling cycle of Limex
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reduction amounted to 48% (0.37 kg when recycling, 0.7 kg when incinerating). 
When recycling 80 nm sheets, the reduction amounted to 43% (0.16 kg of CO2 
emitted when recycling, 0.28 kg when incinerating) [45].

In order to process Limex waste, TBM opened a recycling plant in ·okosuka City, in 
the �anagawa Prefecture [46].
In this plant, they are able to sort the plastic waste using infrared technology and 
recycle it in pellets. The waste recycled is not limited to Limex, though. Instead, TBM 
works with a variety of plastic waste, including Polypropylene, Low Density 
Polyethylene, High Density Polyethylene and Polystyrene. They process around 
40’000 tons of material each year, with an output of around 24’000 tons.
The material output is called �Circulex~ and is a recycled material made from used 
plastics and Limex. The products made using Circulex include garbage bags and 
umbrellas.

The recycling method used by TBM is known as mechanical recycling, where the 
recovered waste is sorted, crushed in smaller pieces, washed to remove impurities, 
then pelleti�ed. A �nal quality check looks for defects and other potential issues.
The produced pellets are then sent to the manufacturing plants, the }hiroishi 
factory and the Tagajo factory.
The }hiroishi factory is the base for research and development, as well as human 
resources development, and is the foundation for the business expansion of TBM. It 
has the lowest production volume of the TBM plants, at 6’000 tons each year.
The Tagajo factory is a mass production plant, where the bulk of productions takes 
place. This facility also promotes technology exports around the world, mainly in 
areas where water resources are scarce. The production volume amounts to around 
23’000 tons per year.
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As a �nal note, the upcycling that TBM references when depicting it in Image 58 
has the meaning of creating a new material starting from a waste. As it can be seen 
in the scheme, the upcycling step happens after the collection of post-use Limex 
sheets and in-process waste, which are collected and recycled in pellets. These 
pellets enter again in the production cycle, feeding the whole upcycling process 
with new in-process waste and, with time, either moulded products that become 
waste, or other post-use sheets.
This is a more industrial approach to upcycling, contrasting with the more common 
meaning of the term. As a matter of fact, it is much more similar to downcyling, 
though there is no loss of quality in the resulting material. Instead, the output of 
this cycle is again Limex, going back to its original state as pellets.

Image 54. Leduction of greenhouse gasses emissions 
by recycling products in Limex
Image 55. Leduction of greenhouse gasses emissions 
by recycling Limex sheet 150 nm thic<
Image 56. Leduction of greenhouse gasses emissions 
by recycling Limex sheet 80 nm thic<
Image 57. ·okosuka plant recycling cyclV
Image 58. Lecycling cycle of Limex
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Image 59. Tools used
1- Nippers
2- Hobby knife
3- 400-grit sand paper
4- Tamiya Thin Cement 
(Acetone-based solvent)
5- Wet palette
6- Paint brushes
7- Variuos paints
8- Primer for model 
making (black)
9- Water pot to clean 
brushes

Image 61. Ëisassembled leg-pelvis 
joint
Image 62. Assembled leg-pelvis joint 
(not glued)
Image 63. Assembled leg-pelvis joint 
(glued)
Image 64. Comparison between 
Polystyrene runner (left) and Limex 
runner (right)
Image 65. Comparison between 
primed (below) and not primed 
(above) painted Limex runner

Image 60. Ëisassembled model kit
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Image 59. Tools used
1- Nippers
2- Hobby knife
3- 400-grit sand paper
4- Tamiya Thin Cement 
(Acetone-based solvent)
5- Wet palette
6- Paint brushes
7- Variuos paints
8- Primer for model 
making (black)
9- Water pot to clean 
brushes

Image 61. Ëisassembled leg-pelvis 
joint
Image 62. Assembled leg-pelvis joint 
(not glued)
Image 63. Assembled leg-pelvis joint 
(glued)
Image 64. Comparison between 
Polystyrene runner (left) and Limex 
runner (right)
Image 65. Comparison between 
primed (below) and not primed 
(above) painted Limex runner

Image 60. Ëisassembled model kit
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The second case study analysed covered the recovery and reuse of user waste. 
Researching initiatives aimed to recovering plastic, the majority focused on reusing 
the plastic deposited in landflls or, in general, polluting the environment, like the 
plastic present in the seas. These projects, while very impactful on the effects that 
they have on the environment, work towards plastic waste that was not properly 
disposed of. The research, instead, was focused on analysing projects with the aim 
to work together with the customers avoiding improper disposal and guaranteeing 
the correct reuse of the waste¾

The Gunpla Recycling Project ª¼©» was launched by Bandai Namco in April Í0Í1 
with the objective of recovering empty runners from the customers, then recycling 
using thermal, mechanical and chemical methods.
For the frst year of its implementation, this project had the objective of collect 10 
tons of plastic, with the intent of further increasing the amount in the future.
The objective of this project, other than the one mentioned above, was to reÕect 
the ecoÏfriendly efforts that Bandai Namco, as a company, is adopting to reduce its 
carbon footprint. Thanks to the Gunpla Recycling Project, the company aims to 
demonstrate said efforts using the Gundam IP.
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The Gunpla Recycling Project organi�ation takes advantage of the various 
businesses that compose Bandai Namco.
Thanks to the various amusement facilities owned by the company, it was possible 
to organi�e the waste recovery hotspots in the stores that sell, among other 
products, also Gunpla Model kits. Focusing on the stores owned by the company, it 
was possible to organi�e a solid network which did not re�uire collaboration with 
third party stores.
The stores where the collection boxes ;Image 6�4 were located were part of the 
BANDAI NAMCO Amusement line. 190 stores were selected all over Japan in order 
to give the possibility to a large amount of customers to participate, while still 
containing the investments needed¾

The collected runners were then recycled using three methods ;Image 664. The frst 
one was mechanically recycling part of the runners, combined with plastic leftovers 
from the production processes in order to manufacture new model kits.
Another portion of the runners was used as a material for verifcation testing 
targeting the reali�ation of chemical recycling and the rest was reused via thermal 
recycling.

Image 66. Poster explaining in broad strokes how the Gunpla Recycling Project works
Image 6©. Poster marketing UCOPNAs
Image 6�. Box collecting empty runners for the Gunpla Recycling Projech
Image 69. BANDAI HPIRIT Hhi�uoka Planh
Image ©0. First UCOPNA model kit, the RAÏ©�ÏÍ, the original Gundam from the 19©9 anime
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The iechai cal eecycl ig of ahe eecoveeee plasa c wasae  s opeeaaee aa ahe Baiea  
Hobby Ceiaee. Ii ah s fac l ays wh ch also peoeuces ahe Guipla ioeel k a l iess ahe 
wasae follows ahe usual saeps foe iechai cal eecycl ig.
F esas ahe euiiees aee soeaee by aype of iaaee al. Th s soea ig  s iecessaeys s ices 
wh le ahe ia®oe ay of ahe ioeel k as aee peoeucee us ig Polysayeeies soie 
coipoieias use oahee aheeioplasa c ees is. Foe exaiples siallee coipoieias aee 
iaiufacaueee  i boah ABS (Aceyloi ae le Buaae eie Sayeeie) aie Polypeopyleie.
The soea ig happeis  i oeeee ao avo e coiaai iaa oi beaweei iaaee alss wh ch 
coule eeieee useless eia ee eecyclee baaches.
Theis ahe euiiees aee geouie  i fiee p eces befoee be ig fee ao a pellea �aa oi 
iach ie. Th s aype of exaeus oi foei ig iach ie heaas up aie ielas ahe iaaee als 
ahus ge ie ig ahe euiiees befoee ah s passage helps ahe iela ig aies coisequeialys 
ahe exaeus oi aie pellea �aa oi.
The pellea �aa oi happeis us ig a ieahoe callee geaiulaa ois  i wh ch ahe ielaee 
iaaee al  s exaeueee aie cua  iao pelleas. The pelleas aee ahei coolee qu cklys  i 
oeeee ao avo e ahei sa ck ig aogeahee eue ao ahe e heaas aie  isaeae ia iaa i ig 
ahe e shape.
Oice ahe euiiees aee peocessee  i pelleass ahey cai be  ipua back  i ahe peoeuca oi 
peocess. The iaaee al obaa iee aheough ahe iechai cal eecycl ig  s callee 
“ECOPLA”. The iaie coies feoi ahe faca ahaa  s coiposee exclus vely of eecyclee 
plasa c aies s ice aheee  s io coloue soea igs ahe iaaee al has a eaek beowi coloue 
(Iiage 67) [48].
Th s iaaee al  s aleeaey  i uses bua ahe aiouias of euiiees eecoveeee aie ahei 
eeusee ah s way  s sa ll iuch lowee ahai ahe plasa c usee ao peoeuce ahe ioeial 
ioeel k as. The fesa ioeel k a peoeucee us ig ECOPLA ahaa was uive lee was a 
Guieai RX-78-2s ahe oe g ial iecha feoi ahe fesa ai iaaee see ess  i a 1/144 scale 
(Iiage 7Ç).
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with the objective of recovering empty runners from the customers, then recycling 
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For the frst year of its implementation, this project had the objective of collect 10 
tons of plastic, with the intent of further increasing the amount in the future.
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to organi�e the waste recovery hotspots in the stores that sell, among other 
products, also Gunpla Model kits. Focusing on the stores owned by the company, it 
was possible to organi�e a solid network which did not re�uire collaboration with 
third party stores.
The stores where the collection boxes ;Image 6�4 were located were part of the 
BANDAI NAMCO Amusement line. 190 stores were selected all over Japan in order 
to give the possibility to a large amount of customers to participate, while still 
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The collected runners were then recycled using three methods ;Image 664. The frst 
one was mechanically recycling part of the runners, combined with plastic leftovers 
from the production processes in order to manufacture new model kits.
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Chemical recycling plastic is a method which uses chemical reactions to transform 
the plastic in a new material.
In the case of Polystyrene, the recycling focuses on thermally decomposing the 
material and returning it in a Styrene monomer, its raw material. The monomer 
would then be polymerized back into Polystyrene, to be input back in the 
production process.
This method seem to be particularly compatible with Polystyrene, thanks to its low 
thermal decomposition energy. This makes it very suitable for chemical recycling, 
and, since raw materials obtained by chemical recycling contain few impurities, the 
polymerization of the monomer would be of high Òuality [50].

The pyrolysis cycle works by applying very high heat to the material in complete 
absence of oxigen. This results in a melting and coating of the particles of the 
material, which slowly depolymerises.
From that, the Polystyrene becomes an oligomer, which by cracking (the moment 
in which the polymer completely fragments) completely reverts to the Styrene 
monomer.
Secondary reactions produce aromatics and polycyclic aromatic hydrocarbons.
Each step is infuenced by the application of heat, which can hinder or enhance the 
effects of pyrolysis. For example, the fnal cracking step is greatly enhanced by the 
application of heat.

As a result, the styrene monomer yield is strongly infuenced by both temperature 
and gas fow rate, with the maximum yield being 70.Í wtÌ at 500 ËC and a gas 
velocity twice the minimum one (1 mL/min)
(Image 71).

C
h

e
m

ic
a

l 
R

e
c

y
c

li
n

g

Once the styrene monomer is collected from the pyrolysis cycle, it is free from any 
additives that were added during the previous polyimerization cycle. This means 
that, if the monomer were to be polymerized without adding anything, it would 
form Polystyrene in its base form, a colourless solid.

To polymerize the monomer, it is frst pumped in a “feed dissolver”, where is mixed 
with the additives necessary to produce the wanted type of Polystyrene.
Then, this mixture is further agitated in order to blend everything together. Then 
the mixture is heated in order to reach the reaction temperature which will initiate 
the polymerization. Then, once this process is concluded, the residual monomer 
and other substances are removed. Molten Polystyrene is extruded using a 
stranding die plate, then cooled using a water bath. The fnal steps see the material 
pelletized and sent to storage.
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The fnal recycling method employed by Vandai Ramco transforms the waste into 
energy generated during incineration. While this type of recycling is not universally 
recognized, since the reuse of the material sees it become a form of energy via a 
method that can pollute the environment further, the company employs partners 
to incinerate the waste to produce the energy needed to power its facilities.

The recycling is not operated by Vandai Ramco, but they partnered with J&T 
Environmental Co, Ltd, who will carry out the thermal recycling. The electricity 
generated will then be purchased by Urban Energy Co, Ltd, a group company of 
J&T. This company provides a system for its clients where the amount of power 
generated by its customers is discounted on the customerYs electricity bill. This 
system is called “Soden Wari R”, and the discount is calculated accordingly to the 
amount of waste when Urban Energy Co., Ltd. purchases electricity generated from 
waste and supplies it to the facility where the waste is generated. The service 
started in 2017.
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The results of the Gunpla Recycling Pro�ect were described in the Vandai 
Integrated Reoprt of 2022. The results up to the third Òuarter of 2022 registered a 
total collection of 11 tons of empty runners, exceeding the original goal of 10 tons. 
This positive result confrmed the interest that the model building community has 
towards making their hobby more eco¢friendly. An interesting point is the fact that 
this initiative did not present any incentives to the participants and still reached 
and overcame the initial goal.

In light of this pro�ect and its success, another company started a similar initiative 
in 2023.
Games Workshop announced at the beginning of March 2023 that an initiative 
called “Warhammer Recycling Programme” [51], which started at the end of the 
month. In 2v stores around the United tingdom, the model builders would be able 
to deposit old Warhammer runners, together with empty Citadel paint pots. These 
will be recycled in new materials and products. The plastic used for the model kits 
and the runners is high Òuality, so the recycling possibilities are variegated, 
including garden planters and playground eÒuipment. ¤espite the Òuality, the 
standard for the Games Workshop model kits do not allow for the input of the 
recycled material back into the production process, though the company stated 
that they are investigating such use for the future.

Image 71. Pyrolysis cycle of Polystyrene
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Once the styrene monomer is collected from the pyrolysis cycle, it is free from any 
additives that were added during the previous polyimerization cycle. This means 
that, if the monomer were to be polymerized without adding anything, it would 
form Polystyrene in its base form, a colourless solid.

To polymerize the monomer, it is frst pumped in a “feed dissolver”, where is mixed 
with the additives necessary to produce the wanted type of Polystyrene.
Then, this mixture is further agitated in order to blend everything together. Then 
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and other substances are removed. Molten Polystyrene is extruded using a 
stranding die plate, then cooled using a water bath. The fnal steps see the material 
pelletized and sent to storage.

T
h

e
rm

a
l 

R
e

c
y

c
li

n
g

The fnal recycling method employed by Vandai Ramco transforms the waste into 
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system is called “Soden Wari R”, and the discount is calculated accordingly to the 
amount of waste when Urban Energy Co., Ltd. purchases electricity generated from 
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The results of the Gunpla Recycling Pro�ect were described in the Vandai 
Integrated Reoprt of 2022. The results up to the third Òuarter of 2022 registered a 
total collection of 11 tons of empty runners, exceeding the original goal of 10 tons. 
This positive result confrmed the interest that the model building community has 
towards making their hobby more eco¢friendly. An interesting point is the fact that 
this initiative did not present any incentives to the participants and still reached 
and overcame the initial goal.

In light of this pro�ect and its success, another company started a similar initiative 
in 2023.
Games Workshop announced at the beginning of March 2023 that an initiative 
called “Warhammer Recycling Programme” [51], which started at the end of the 
month. In 2v stores around the United tingdom, the model builders would be able 
to deposit old Warhammer runners, together with empty Citadel paint pots. These 
will be recycled in new materials and products. The plastic used for the model kits 
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The third case study researched was related to the analysis of examples of waste 
recovery networks organized not by proprietary companies, but by third party ones.
This research focused on prooects that worked towards recovering plastic waste 
from any source and reusing them to create something new. The examples found 
were Plastiz, an Italian company based in Turin, and Precious Plastic, the network of 
which Plastiz is part of. moth the Italian company and the prooect focus on 
transforming plastic waste in something with more value, “upcycling” it [52].

Plastiz is a startup born from the Social enterprise SRL Izmade, a design and 
architecture study which designs and produces furnishings and fttings promoting 
social impact and environmental sustainability.
As a company, Plastiz focuses on producing high quality panels and bars made in 
compressed plastic waste, using methods that give the material new beauty.
The products are produced by compressing plastic shards, after designing the 
texture and the patterns that should appear on the panels.
An example of this is the panel “Lapis” (Image a2) [5`], produced using exclusively 
recovered HDPE waste from industrial waste and waste sorting. This panel is part of 
the “marble” line, the designs of which are developed in order to resemble the 
textures and the details of marble, but lighter and cheaper. The panels are 
waterproof and resistant to wear, and the colours are selected in order to maintain 
a look similar to marble slabs, though the panels are available both in black and 
white and in coloured versions.
All the panels produced by Plastiz are monopolymeric, without additives or paints 
(avoiding adding potentially harmful substances or pollutants), completely 
recyclable, resistant to water and chemical agents and easy to clean and maintain.
The company also stated that their panels can be worked with, giving a list of 
potential processes that can be used: cut (even with CNC machines), grinding and 
planing, drilling and engraving, edging, bending and thermoforming, smoothing 
and polishing.
Considering that each polymer has different properties, Plastiz presents a guide to 
the possible processing that can be done to each material.

In addition to panels and bars, Plastiz also produces various furnishing using the 
plastic waste. AN example of this is the kitchen “Maria Antonietta” (Image a`) [5Y], 
which presents top and doors made with coloured “Milk” panels. Like the Lapis 
panel, Milk panels are produced using HDPE.

P
la

s
ti

z Plastiz has the oboective to sensibilize and create awareness on the problem of 
plastic waste, on circular economy and on sustainable entrepreneurship. The 
company does this using its products, the processes used to manufacture them 
and the raw materials used.
Thanks to this, Plastiz states that they are a company that does not have an impact 
on the environmental resources of the planet, since by regenerating plastic waste 
they avoid it polluting nature, ending up in a landfll or incinerated.

Image a2. “Lapis” plastic panel, produced using HDPE 
industrial waste and waste sorting. The “Lapis” panel is 
part of a line designed in a way to resemble marbl.
Image a`. “Maria Antonietta” kitchen, with top and doors 
made with “Milk” plastic panels, produced in HDPE from 
waste sorting
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compressed plastic waste, using methods that give the material new beauty.
The products are produced by compressing plastic shards, after designing the 
texture and the patterns that should appear on the panels.
An example of this is the panel “Lapis” (Image a2) [5`], produced using exclusively 
recovered HDPE waste from industrial waste and waste sorting. This panel is part of 
the “marble” line, the designs of which are developed in order to resemble the 
textures and the details of marble, but lighter and cheaper. The panels are 
waterproof and resistant to wear, and the colours are selected in order to maintain 
a look similar to marble slabs, though the panels are available both in black and 
white and in coloured versions.
All the panels produced by Plastiz are monopolymeric, without additives or paints 
(avoiding adding potentially harmful substances or pollutants), completely 
recyclable, resistant to water and chemical agents and easy to clean and maintain.
The company also stated that their panels can be worked with, giving a list of 
potential processes that can be used: cut (even with CNC machines), grinding and 
planing, drilling and engraving, edging, bending and thermoforming, smoothing 
and polishing.
Considering that each polymer has different properties, Plastiz presents a guide to 
the possible processing that can be done to each material.

In addition to panels and bars, Plastiz also produces various furnishing using the 
plastic waste. AN example of this is the kitchen “Maria Antonietta” (Image a`) [5Y], 
which presents top and doors made with coloured “Milk” panels. Like the Lapis 
panel, Milk panels are produced using HDPE.
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z Plastiz has the oboective to sensibilize and create awareness on the problem of 
plastic waste, on circular economy and on sustainable entrepreneurship. The 
company does this using its products, the processes used to manufacture them 
and the raw materials used.
Thanks to this, Plastiz states that they are a company that does not have an impact 
on the environmental resources of the planet, since by regenerating plastic waste 
they avoid it polluting nature, ending up in a landfll or incinerated.

Image a2. “Lapis” plastic panel, produced using HDPE 
industrial waste and waste sorting. The “Lapis” panel is 
part of a line designed in a way to resemble marbl.
Image a`. “Maria Antonietta” kitchen, with top and doors 
made with “Milk” plastic panels, produced in HDPE from 
waste sorting
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Precious Plastic is a network of individuals that came together in order to fght the 
improper disposal of plastic and the issue of plastic pollution by helping anyone 
interested in participating in a recycling network geared towards resolving those 
issues [55]�

In order to create this network, Precious Plastic was initially launched in 2013 by 
Dave Hakkens, a student of Design Academy in  indhoven. In 2013, during his 
graduation show, he released Precious Plastic Version 1, a machine that allowed 
anybody to recycle plastic in pellets. In 2014, thanks to the Creative Commons 
license of his project, three more people replicated Hakkens’ machine, kickstarting 
the project itself. Precious Plastic grew as a community and, by 2018, it became a 
global network. In 2020 the platform “Precious Plastic �niverse” was released with 
the aim to become the global alternative recycling system�

In the Precious Plastic �niverse, each participant chooses their Space [5�], in which 
they have their own mission and focus on their task, while still being part of a 
whole and working together.  ach Space is distinct with an icon.
Participants in the “Members” Space provide the initial plastic waste and buy 
Precious Plastic recycled products.
“Workspaces” are where plastic gets transformed from waste into valuable 
materials or products.  here are fve different workspacess Shredder,  xtrusion, 
Sheetpress, Injection and Mix.
“Machine shops” produce and build parts, moulds and entire machines for other 
workspaces and projects in the local recycling network.
“Community Points” connect and grow the network locally. Strengthening the 
existing local community while bringing in more & more people.
“Collection Points” gather plastic from neighbours, organisations and businesses to 
be used by local Shredder Workspaces.
 his distinction allows for an organic organisation of the tasks and each participant 
can be part of the community based on their own skills, the local needs and their 
budget.
 he focus of Precious Plastic is to help each participant to act locally, in order to 
expand their phylosophy to as many people as possible and to act in as many local 
realities as possible.
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In addition to the Precious Plastic �niverse, the network presents also a “ aaaar” 
[57].
 he Precious Plastic  aaaar is a marketplace that connects all the Spaces, allowing 
the sales and purchasing of Precious Plastic machines 4e.g. extruders, Image 74+, 
moulds, raw materials and products manufactured by the community 4Image 75+.
All the items listed are created by Precious Plastic Workspaces from all around the 
worl1
 he  aaaar is also a way for this network to fund itselfs each transaction presents a 
5% fee when items are purchased, covering the costs of running the platform.
For this reason, there are a few requirements and rules in place. For example, when 
starting a transaction, the user agrees to fnish it on the  aaaar.  his rule is in place 
in order to avoid users trying to not cover the transaction fee.
Another requirement is a check¼out per seller, since the as the payment goes 
directly to them. Similarly, any dispute between sellers and customers need to be 
resolved between them.  he  aaaar does not take any responsibility towards 
disputes.

Image 74.  xtruder machine developed by Precious 
Plastic India 4Industrial Safety StandardY
Image 75. “Pearl” table.  he tabletop is made in 100% 
recycled post¼consumer Polystyrene, while the tubular 
legs are produced by a Caech company
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This chapter will focus on the analysis of a test nation in which the systemic project 
will be applied, the analysis of the Polystyrene as a material and how the new 
model kit industry system will work in the framework of the country.
In order to do so, it was necessary to defne which country the system would be 
more effective, considering various factors, such as¡ the plastic industry of the 
nation, its economy, the presence of recycling initiatives and how they work and, if 
possible, additional key points that would make it particularly interesting.

The chosen country was Germany, thanks to its strong economy, its high rate of 
recovering and recycling plastic and the various systems adopted in order to reduce 
the pollution caused by its industries. In addition to that, the market analysis 
described in the frst chapter indicated Germany as one of the key consumer 
countries for the model kit industry, together with the United Kingdom, the United 
States, China and Japan [34]. While all fve countries were potential candidates for 
the test nation of the systemic project, both China and the United States were 
avoided due to their size, while both Japan and the United Kingdom have a user 
waste recovering system launched by model kit companies.
In addition to that, out of all the 15 most important cities in Germany presented 
model kit stores.
The country also houses four different model kit companies¡ Airmodel in Frankfurt, 
Preiser in Steinfeld, Faller in Gütenbach and Revell in Bünde. All four are companies 
with a long history, launching between the late 1940s and early 19�0s. These 
companies work with plastic, with only Airmodel using vacuum forming instead of 
injection moulding.
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The country is divided in 16 Federal States, called “LänderÜ. The capital, Berlin covers 
one itself, like the cities of Bremen and Hamburg. All three are part of the 15 most 
important cities of the country.
As it is possible to notice from the map, the four highlighted Länder Hessen, 
Nordrheim-Westfalen, Bayern and Baden-Württemberg have a few elements in 
common which make them very interesting considering the elements for which 
Germany was chosen as test nation.
The frst and most noticeable element is that all four of the model kit companies 
are located in one of these Länder¡ Revell is in Nordrheim-Westfalen, Airmodel is in 
Hessen, Preiser in Bayern and Faller in Baden-Württemberg.
Another important element is that all four Länder contain at least one of the 15 
most important cities of the country. In particular, Nordrheim-Westfalen hosts a 
third of all of 15 cities (Bielefeld, Þortmund, Essen, Þüsseldorf and Cologne).
In addition to that, as it will be described more in detail further in this chapter, 
these four Länder are the richest of the country.

Germany presents a large amount of limestone deposits between the Länder of 
Niedersachen, Hessen, Nordrheim-Westfalen, Rheinland-Pfalz, Baden-
Württemberg, Bayern and Thuringen. As it is possible to notice from the map, the 
largest deposits appear to be situated in Baden-Württemberg and Nordrheim-
Westfalen. This information is particularly useful in the defnition of a potential 
location for the initial development of the new system. Þeveloping a new material 
based on Limex, using Polystyrene as thermoplastic resin, would require the 
purchase of the inorganic fller. If a company were to locate itself in a territory rich 
of the raw materials needed to produce said fller, it would allow it to reduce costs 
and shipping pollution.

As stated previously, the analysis of the territory included observing the amount of 
model kit stores present in the 15 most important cities of the country. The 
numbers varied largely from a city to another, with Cologne counting only three 
stores, while Berlin, the city with the largest amount, hosted 31 model kit stores. In 
order to focus on stores that focus on model kits, only the ones that were marketed 
as either “Hobby storesÜ, “Model storesÜ, “Model train storesÜ and “Miniature storesÜ 
were counted. Shops marketed as “Toy storesÜ and “Game storesÜ were avoided, 
since often sold only toys or videogames.
The results were in line with what noticed about the Länder previously¡ in the four 
highlighted Länder were located 90 out of 168 model kit stores, an average of 10 
stores per 9 cities out of 15.D
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The territory of Germany covers 35�’588 kmZ, with a total number of inhabitants 
around 84.3 millions. The country has an urban population of around 63.9 millions, 
meaning that around �3% of its inhabitants live in cities.W
The average age of the country is around 45.� years old, with a life expectancy of 
81.9. This is slghtly higer of both the European age average (44 years old) and life 
expectancy (80.1 years).
The country houses around 11.4 million foreigners, 10.9 of which are not German 
citizens.
The country is relatively religious, with 24 million inhabitants following the Roman 
Catholic doctrine and 23.4 million following the Protestant doctrine.

Germany is a well-educated country, with 33.5% of the population having reached 
University or Fachhochschule (University of Applied Sciences) [59] and 12.9% having 
obtained a vocational Þiploma [60].
The country counts a total of 423 public higher education institutes and 114 private 
higher education institutes [61].
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While it was not possible to obtains suffcient data regarding the education of 
model hobbyists, it is possible to compare the education data of Germany with the 
education data of professional model builders. According to the american website 
“ZippiaÜ [62], 66% of model builders present a Bachelor’s degree, 14% have an 
Associate degree and the remaining 20% is divided between High School diploma, 
Master’s degree and other degrees.
In Germany, model builders would probably come mainly from Art and Music 
colleges, both private and public. Another option could be technical schools, 
especially from ones that offer woodworking and small details work. In addition to 
that, Architectural schools may launch scale model builders, in particular by 
offering a Curriculum centered around scale models of buildings and dioramas.

Total foreigners

Foreign men

Foreign women

5.9 mn

5.5 mn

11.4 mnTotal inhabitants

Total Men

Total Women

41.5 mn

42.8 mn

Urban population 73% (63.9 mn)

84.3 mn

Median age 45.7

Life expectancy 81.9

Life expectancy (Men) 79.6

Life expectancy (Women) 84.1

Country of Tirth (C 2011)

Germany

EU 27

68.4 mn

4.2 mn

Europe (Other) 3.3 mn

Other country 2.9 mn

Un�no¦n 1.4 mn

Citizenship
German

Foreign

72.3 mn

10.9 mn
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24 mn

23.4 mn

Other/No/Un�no¦n 32.8 mn

Territory size

Germany

Baden-Württemberg

357.588 km²

35.751 km²

Bayern 70.550 km²

Hessen 21.115 km²

Nordrheim-Westfalen 34.098 km²

Model kit stores

15 major cities

Major cities in the 
Lander ($)

168

90
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This chapter will focus on the analysis of a test nation in which the systemic project 
will be applied, the analysis of the Polystyrene as a material and how the new 
model kit industry system will work in the framework of the country.
In order to do so, it was necessary to defne which country the system would be 
more effective, considering various factors, such as¡ the plastic industry of the 
nation, its economy, the presence of recycling initiatives and how they work and, if 
possible, additional key points that would make it particularly interesting.

The chosen country was Germany, thanks to its strong economy, its high rate of 
recovering and recycling plastic and the various systems adopted in order to reduce 
the pollution caused by its industries. In addition to that, the market analysis 
described in the frst chapter indicated Germany as one of the key consumer 
countries for the model kit industry, together with the United Kingdom, the United 
States, China and Japan [34]. While all fve countries were potential candidates for 
the test nation of the systemic project, both China and the United States were 
avoided due to their size, while both Japan and the United Kingdom have a user 
waste recovering system launched by model kit companies.
In addition to that, out of all the 15 most important cities in Germany presented 
model kit stores.
The country also houses four different model kit companies¡ Airmodel in Frankfurt, 
Preiser in Steinfeld, Faller in Gütenbach and Revell in Bünde. All four are companies 
with a long history, launching between the late 1940s and early 19�0s. These 
companies work with plastic, with only Airmodel using vacuum forming instead of 
injection moulding.
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The country is divided in 16 Federal States, called “LänderÜ. The capital, Berlin covers 
one itself, like the cities of Bremen and Hamburg. All three are part of the 15 most 
important cities of the country.
As it is possible to notice from the map, the four highlighted Länder Hessen, 
Nordrheim-Westfalen, Bayern and Baden-Württemberg have a few elements in 
common which make them very interesting considering the elements for which 
Germany was chosen as test nation.
The frst and most noticeable element is that all four of the model kit companies 
are located in one of these Länder¡ Revell is in Nordrheim-Westfalen, Airmodel is in 
Hessen, Preiser in Bayern and Faller in Baden-Württemberg.
Another important element is that all four Länder contain at least one of the 15 
most important cities of the country. In particular, Nordrheim-Westfalen hosts a 
third of all of 15 cities (Bielefeld, Þortmund, Essen, Þüsseldorf and Cologne).
In addition to that, as it will be described more in detail further in this chapter, 
these four Länder are the richest of the country.

Germany presents a large amount of limestone deposits between the Länder of 
Niedersachen, Hessen, Nordrheim-Westfalen, Rheinland-Pfalz, Baden-
Württemberg, Bayern and Thuringen. As it is possible to notice from the map, the 
largest deposits appear to be situated in Baden-Württemberg and Nordrheim-
Westfalen. This information is particularly useful in the defnition of a potential 
location for the initial development of the new system. Þeveloping a new material 
based on Limex, using Polystyrene as thermoplastic resin, would require the 
purchase of the inorganic fller. If a company were to locate itself in a territory rich 
of the raw materials needed to produce said fller, it would allow it to reduce costs 
and shipping pollution.

As stated previously, the analysis of the territory included observing the amount of 
model kit stores present in the 15 most important cities of the country. The 
numbers varied largely from a city to another, with Cologne counting only three 
stores, while Berlin, the city with the largest amount, hosted 31 model kit stores. In 
order to focus on stores that focus on model kits, only the ones that were marketed 
as either “Hobby storesÜ, “Model storesÜ, “Model train storesÜ and “Miniature storesÜ 
were counted. Shops marketed as “Toy storesÜ and “Game storesÜ were avoided, 
since often sold only toys or videogames.
The results were in line with what noticed about the Länder previously¡ in the four 
highlighted Länder were located 90 out of 168 model kit stores, an average of 10 
stores per 9 cities out of 15.D
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The territory of Germany covers 35�’588 kmZ, with a total number of inhabitants 
around 84.3 millions. The country has an urban population of around 63.9 millions, 
meaning that around �3% of its inhabitants live in cities.W
The average age of the country is around 45.� years old, with a life expectancy of 
81.9. This is slghtly higer of both the European age average (44 years old) and life 
expectancy (80.1 years).
The country houses around 11.4 million foreigners, 10.9 of which are not German 
citizens.
The country is relatively religious, with 24 million inhabitants following the Roman 
Catholic doctrine and 23.4 million following the Protestant doctrine.

Germany is a well-educated country, with 33.5% of the population having reached 
University or Fachhochschule (University of Applied Sciences) [59] and 12.9% having 
obtained a vocational Þiploma [60].
The country counts a total of 423 public higher education institutes and 114 private 
higher education institutes [61].
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While it was not possible to obtains suffcient data regarding the education of 
model hobbyists, it is possible to compare the education data of Germany with the 
education data of professional model builders. According to the american website 
“ZippiaÜ [62], 66% of model builders present a Bachelor’s degree, 14% have an 
Associate degree and the remaining 20% is divided between High School diploma, 
Master’s degree and other degrees.
In Germany, model builders would probably come mainly from Art and Music 
colleges, both private and public. Another option could be technical schools, 
especially from ones that offer woodworking and small details work. In addition to 
that, Architectural schools may launch scale model builders, in particular by 
offering a Curriculum centered around scale models of buildings and dioramas.
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When analysing the economic data about Germany, it is possible to notice that is a 
very rich country, having the fourth highest nominal GDP (Gross Domestic Product) 
worldwide, at 4.5 trillion US$ and the ffth highest Purchase Power Parity GDP, at 
5.5 trillion US$ [64].
When considering the ¦�nder, the four highlighted on the map cover the largest 
shares of the GDP: Nordrheim-Westfalen covers 20.5%, Bayern f8.5%, Baden-
Wrrttemberg f4.8% and fessen 8.4%.
Germany has a GDP more centered towards services and industries than towards 
agriculture. While the services sector commonly covers a larger share of GDP for 
the vast majority of countries (the world average is 63.6%, while the Germany GDP 
share amounts to 68.6%), the weight that the agricultural sector has on the German 
GDP is much smaller than average. Amounting to only 0.7%, compared to the world 
average of 5.:%, it shows that Germany may depend on its imports of agricultural 
products and goods. This is a starn contrast with the other two sectors, especially 
considering that the industry one covers the remaining 30.7% of the country GDP.
When considering the Gross Domestic Product per capita, Germany is on a lower 
position in ranning, compared to the country GDP. ¤n particular, the nominal GDP 
per capita equals to 5f’383 US$, placing the country at the 20th place, while the 
PPP GDP per capita amounts to 66’f32 US$, placing Germany at the f8th place on 
the world ranning.

Regarding the GRP, or Gross Regional Proft, Germany as a country registered a 
total of 3’887.05 billion US$, and the four highlighted ¦�nder participate the most in 
this total, as seen on the diagram on the left. ¤n particular, Nordrheim-Westfalen 
showed being a particularly rich ¦�nder, reaching 7:3’7:0 billion US$ of GRP, 
followed by Bayern with a GRP of 7f6’784 billion US$ [65]

Considering the labour force by sector, Germany maintains similar percentages for 
the services sector (74.3% of the worning population is employed in the service 
industry), while registering a smaller percentage for the industry employment, 
which covers 24.2% of the worning population. Finally, the agricultural sector sees a 
labour force equal to f.4% of the country’s.
Following this information, the unemployment rate of Germany, as of 2020, is equal 
to 2.::%, showing a steady decrease from 2005, when it reached ff.7% [66].
Despite this positive result, the population below the poverty line reached f7% in 
2020, with some researches indicating that it could grow to more than 20% in the 
following years.

On a fnal note, Germany reached an innation rate of f0% on September 2022.
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An important element in the economics of Germany were the plastic and paper 
industries. These industries will be ney in the systemic project, therefore it was 
necessary to understand the state of them in this country.
The frst analysis was linned to the number of companies in each sector, together 
with the amount of people employed and an estimate of monetary data. This 
information will allow understanding the impact that these industries may have on 
the territory, especially when comparing production, import and export and the 
recovery rate of plastic and paper waste.

As it is possible to see from the table on the left, �Persons employed and turnover of 
local units in manufacturing�, which was found on the Bundesamt statistics 
database Destatis [67], the amount of rubber and plastic products manufacture 
companies steadily decreases between 2020 and 2022, while both the amount of 
persons employed and gross salaries and wages increased. This follows the 
registered turnover data: the increase in value of the turnover shows an increase in 
sales and gross revenue in general. This, combined with the reduction of 
companies, shows that the plastic industry in Germany is slowly becoming more 
and more specialised, with high quality products and smaller companies get 
absorbed by larger ones, which can afford to employ more people each year.

A similar, yet different situation can be noticed in the paper industry. ¤n this case, 
line the plastic industry, the number of companies slowly decreased between 2020 
and 2022, together with the number of employed people. ¤n contrast, both gross 
wages and salaries and turnover increased in the three years. This situation seems 
to indicate that the paper industry, while still registering a positive turnover growth, 
is not able to sustain an increase in employees, forcing the ones still worning in it to 
become more specialised, requiring higher salaries.

When comparing these data with the ney data of enterprises in manufacturing 
(2020) [68], it is possible to gauge the amount of investments that each industry 
spends on various macrocategories. The percentages shown on the table are values 
related to the total turnover of each industry, showing the impact that these costs 
have on the gross revenue. Comparing the two industries, the plastic one has 
higher staff expenditure (25%), being also higher than the percentage of the total 
manufacturing turnover, while the paper industry has lower staff expenditure, in 
line with what shown in the previous table. ¤nterestingly enough, though, the paper 
industry shows higher expenditure on the materials and has the same share of 
expenditure on services received as the total manufacturing data. Regarding said 
services, the plastic industry has higher expenditure than the other two!

On the map presented on page f74 it is possible to notice that for each ¦�nder were 
indicated the total amounts of industries, of plastic industries and of paper 
industries. ¤n addition to that, the four highlighted ¦�nder had the four main 
industries for number of companies indicated. ¤nterestingly enough, all four ¦�nder 
showed that rubber and plastic products manufacturing is one of the main 
industries, further cementing the hypothesis that it would be particularly effective 
focusing on those territories. When comparing the total number of companies in 
the plastic industry with the total of companies in those four ¦�nder, it appears that 
around 64.4% of plastic manufacturing companies is located in those territories. 
Similarly, 62.2% of paper manufacturing companies is housed between the 
highlighted ¦�nder.
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When analysing the economic data about Germany, it is possible to notice that is a 
very rich country, having the fourth highest nominal GDP (Gross Domestic Product) 
worldwide, at 4.5 trillion US$ and the ffth highest Purchase Power Parity GDP, at 
5.5 trillion US$ [64].
When considering the ¦�nder, the four highlighted on the map cover the largest 
shares of the GDP: Nordrheim-Westfalen covers 20.5%, Bayern f8.5%, Baden-
Wrrttemberg f4.8% and fessen 8.4%.
Germany has a GDP more centered towards services and industries than towards 
agriculture. While the services sector commonly covers a larger share of GDP for 
the vast majority of countries (the world average is 63.6%, while the Germany GDP 
share amounts to 68.6%), the weight that the agricultural sector has on the German 
GDP is much smaller than average. Amounting to only 0.7%, compared to the world 
average of 5.:%, it shows that Germany may depend on its imports of agricultural 
products and goods. This is a starn contrast with the other two sectors, especially 
considering that the industry one covers the remaining 30.7% of the country GDP.
When considering the Gross Domestic Product per capita, Germany is on a lower 
position in ranning, compared to the country GDP. ¤n particular, the nominal GDP 
per capita equals to 5f’383 US$, placing the country at the 20th place, while the 
PPP GDP per capita amounts to 66’f32 US$, placing Germany at the f8th place on 
the world ranning.

Regarding the GRP, or Gross Regional Proft, Germany as a country registered a 
total of 3’887.05 billion US$, and the four highlighted ¦�nder participate the most in 
this total, as seen on the diagram on the left. ¤n particular, Nordrheim-Westfalen 
showed being a particularly rich ¦�nder, reaching 7:3’7:0 billion US$ of GRP, 
followed by Bayern with a GRP of 7f6’784 billion US$ [65]

Considering the labour force by sector, Germany maintains similar percentages for 
the services sector (74.3% of the worning population is employed in the service 
industry), while registering a smaller percentage for the industry employment, 
which covers 24.2% of the worning population. Finally, the agricultural sector sees a 
labour force equal to f.4% of the country’s.
Following this information, the unemployment rate of Germany, as of 2020, is equal 
to 2.::%, showing a steady decrease from 2005, when it reached ff.7% [66].
Despite this positive result, the population below the poverty line reached f7% in 
2020, with some researches indicating that it could grow to more than 20% in the 
following years.

On a fnal note, Germany reached an innation rate of f0% on September 2022.
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An important element in the economics of Germany were the plastic and paper 
industries. These industries will be ney in the systemic project, therefore it was 
necessary to understand the state of them in this country.
The frst analysis was linned to the number of companies in each sector, together 
with the amount of people employed and an estimate of monetary data. This 
information will allow understanding the impact that these industries may have on 
the territory, especially when comparing production, import and export and the 
recovery rate of plastic and paper waste.

As it is possible to see from the table on the left, �Persons employed and turnover of 
local units in manufacturing�, which was found on the Bundesamt statistics 
database Destatis [67], the amount of rubber and plastic products manufacture 
companies steadily decreases between 2020 and 2022, while both the amount of 
persons employed and gross salaries and wages increased. This follows the 
registered turnover data: the increase in value of the turnover shows an increase in 
sales and gross revenue in general. This, combined with the reduction of 
companies, shows that the plastic industry in Germany is slowly becoming more 
and more specialised, with high quality products and smaller companies get 
absorbed by larger ones, which can afford to employ more people each year.

A similar, yet different situation can be noticed in the paper industry. ¤n this case, 
line the plastic industry, the number of companies slowly decreased between 2020 
and 2022, together with the number of employed people. ¤n contrast, both gross 
wages and salaries and turnover increased in the three years. This situation seems 
to indicate that the paper industry, while still registering a positive turnover growth, 
is not able to sustain an increase in employees, forcing the ones still worning in it to 
become more specialised, requiring higher salaries.

When comparing these data with the ney data of enterprises in manufacturing 
(2020) [68], it is possible to gauge the amount of investments that each industry 
spends on various macrocategories. The percentages shown on the table are values 
related to the total turnover of each industry, showing the impact that these costs 
have on the gross revenue. Comparing the two industries, the plastic one has 
higher staff expenditure (25%), being also higher than the percentage of the total 
manufacturing turnover, while the paper industry has lower staff expenditure, in 
line with what shown in the previous table. ¤nterestingly enough, though, the paper 
industry shows higher expenditure on the materials and has the same share of 
expenditure on services received as the total manufacturing data. Regarding said 
services, the plastic industry has higher expenditure than the other two!

On the map presented on page f74 it is possible to notice that for each ¦�nder were 
indicated the total amounts of industries, of plastic industries and of paper 
industries. ¤n addition to that, the four highlighted ¦�nder had the four main 
industries for number of companies indicated. ¤nterestingly enough, all four ¦�nder 
showed that rubber and plastic products manufacturing is one of the main 
industries, further cementing the hypothesis that it would be particularly effective 
focusing on those territories. When comparing the total number of companies in 
the plastic industry with the total of companies in those four ¦�nder, it appears that 
around 64.4% of plastic manufacturing companies is located in those territories. 
Similarly, 62.2% of paper manufacturing companies is housed between the 
highlighted ¦�nder.
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The paper and plastic industries were further analysed by researching the 
production volumes and the value of said production.
The data was obtained on the Bundesamt database Destatis [69], where the 
production of the manufacturing sector was divided in aggregates of goods. In 
addition to that, the database included both the production value in thousands of 
€ and the production weight in thousands of tons. The data available on the 
Destatis database was obtained using surveys. On an additional note, not all the 
aggregates of goods presented data related to the produciton weight. In the case 
of the categories of plastic and paper products, only the paper ones lacked such 
data. Each aggregate was defned by a name and a codee

The aggregates of goods for rubber and plastic products were divided in the 
“Plastic” (GP19-A2005), “Polyurethane” (GP19-A2006) and “Synthetic rubber and 
factice” (GP19-A2007). As it can be noticed from the graph on the top left 
(Production value) and from the graph right under it (Production weight), the vast 
majority of the plastic industry manufactures products aggregated in the more 
generic “Plastic” category, which reached a value of 32’202’549 thousand € and a 
total weight of 16’168’270 tons in 2022. These results were obtained from a survey of 
253 plastic manufacturing companies, equal to 7.7% of the total amount of 
companies in the plastic industry. If the sum of the three aggregates data were to 
be scaled to the actual amount of companies in the industry, an estimate of 
production weight would amount to appro�imately 236’788’675.4 tons. This result 
will be used later when comparing the amounts of plastic sold in Germany in 2022 
with the amounts of plastic recovered using systems like the Pfand System.
Regarding the paper industry, the aggregates were divided between “Paper, 
cardboard, packaging board” (GP19-A1703), “Paper and cardboard labels” (GP19-
A1705) and “Technical and special paper” (GP19-A1706). Between these aggregates, 
the production of “Paper, cardboard, packaging board” amounted to 2’700’971 
thousand € in 2022. The survey covered 55 companies, equal to 6.2% of the total 
companies in the paper industry. If scaled, the production value of this aggregate 
would amount to an estimate of 45’016’183.3 thousand €. The overall total 
production value would amount to 74’927’790,3 thousand €.
As stated previously, it was not possible to obtain the production weight for the 
aggregates of “Paper, cardboard, packaging board” and “Paper and cardboard 
labels”. This impedes both an accurate measurement of the amount of paper 
material in tons in the survey and in scaling these data to the total number of 
companies in the industrye

An interesting data that emerged while researching the manufacturing industries 
were the manufacturers of certain products that developed goods and services for 
environmental protection [70]. The macrocategory of rubber and plastic products 
was one of the industries counted, with 394 companies (5.4% of the total), with a 
total turnover of 4’942 million € (6.9% of the total turnover) and counting 20’672 
employees (7.1% of the total amount). There were no companies from the paper 
industry in this database.
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A fnal analysis of the paper and plastic industries was related to the import and 
e�port of their products in and from Germany. The data was recovered using the 
website World Integrated Trading Solutions”, which catalogued the import and 
e�ports if a country in macrogroups and organi�ed the foreign trade data either for 
single countries, for world regions or towards the world as a whole. In particular, for 
more precise products, the data is either shown divided between single countries 
or the whole world, while the macrocategories data can be obtained also divided 
between world regions (e.g. Europe and Central Asia). In the case of the plastic 
industry, it is considered a macrocategory, thus it was possible to recover the data 
divided between world regions, while the paper industry is part of the “wood” 
macrocategory, which covered the I� and � sections of the "armoni�ed System 
(International Standard system for nomenclature) üomenclature of 2022. In 
particular, the � section covers paper and paperboard products. In order to obtain 
the values for the paper industry, it was necessary to compare the import and 
e�port with the whole world of this industry with the ones of the Wood 
macrocategorye

Regarding the plastic industry [71], Germany shows much higher e�ports 
(73’714’920.48 thousand US$) than imports (56’181’439.37 thousand US$). In addition 
to that, both type of foreign trade are mostly focused on the European and Central 
Asia territories, which cover 78.5% of the total e�ports and 77.2% of the total 
imports. As a matter of facts, the e�ports towards Europe and Central Asia alone 
higher than the imports worldwide.  This shows that Germany has, at least 
concerning this industry, the vast majority of business e�changes limited on these 
territories.)

Concerning the paper industry, as stated previously, it was necessary to estimate 
the imports and e�ports amounts based on the ratio between worldwide paper 
imports and e�ports [72, 73], and the Wood macrocategory [74]. Comparing these 
data, Paper and paperboard imports (13’792.76 thousand US$) amounted to around 
0.05% of the worldwide Wood imports (28’770’858.32 thousand US$), while the 
e�ports of the paper industry (8’766.83 thousand US$) amounted to 0.02% of the 
worldwide Wood e�ports (35’883’418.53 thousand US$).
The remaining data related to the various world region was estimated by applying 
the calculated ratios to the amounts of imports and e�ports for the Wood 
macrocategory. Similarly to the plastic industry, the majority of business e�changes 
for the paper industry are related to the European and Central Asia territories, with 
the imports amounting to 88.4% of the worldwide imports and the e�ports being 
equal to 81.4% of the worldwide total.
Contrary to the plastic industry, though, the paper industry sees imports than 
e�ports, with the European and Central Asia imports being higher than the 
worldwide e�ports.
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The paper and plastic industries were further analysed by researching the 
production volumes and the value of said production.
The data was obtained on the Bundesamt database Destatis [69], where the 
production of the manufacturing sector was divided in aggregates of goods. In 
addition to that, the database included both the production value in thousands of 
€ and the production weight in thousands of tons. The data available on the 
Destatis database was obtained using surveys. On an additional note, not all the 
aggregates of goods presented data related to the produciton weight. In the case 
of the categories of plastic and paper products, only the paper ones lacked such 
data. Each aggregate was defned by a name and a codee

The aggregates of goods for rubber and plastic products were divided in the 
“Plastic” (GP19-A2005), “Polyurethane” (GP19-A2006) and “Synthetic rubber and 
factice” (GP19-A2007). As it can be noticed from the graph on the top left 
(Production value) and from the graph right under it (Production weight), the vast 
majority of the plastic industry manufactures products aggregated in the more 
generic “Plastic” category, which reached a value of 32’202’549 thousand € and a 
total weight of 16’168’270 tons in 2022. These results were obtained from a survey of 
253 plastic manufacturing companies, equal to 7.7% of the total amount of 
companies in the plastic industry. If the sum of the three aggregates data were to 
be scaled to the actual amount of companies in the industry, an estimate of 
production weight would amount to appro�imately 236’788’675.4 tons. This result 
will be used later when comparing the amounts of plastic sold in Germany in 2022 
with the amounts of plastic recovered using systems like the Pfand System.
Regarding the paper industry, the aggregates were divided between “Paper, 
cardboard, packaging board” (GP19-A1703), “Paper and cardboard labels” (GP19-
A1705) and “Technical and special paper” (GP19-A1706). Between these aggregates, 
the production of “Paper, cardboard, packaging board” amounted to 2’700’971 
thousand € in 2022. The survey covered 55 companies, equal to 6.2% of the total 
companies in the paper industry. If scaled, the production value of this aggregate 
would amount to an estimate of 45’016’183.3 thousand €. The overall total 
production value would amount to 74’927’790,3 thousand €.
As stated previously, it was not possible to obtain the production weight for the 
aggregates of “Paper, cardboard, packaging board” and “Paper and cardboard 
labels”. This impedes both an accurate measurement of the amount of paper 
material in tons in the survey and in scaling these data to the total number of 
companies in the industrye

An interesting data that emerged while researching the manufacturing industries 
were the manufacturers of certain products that developed goods and services for 
environmental protection [70]. The macrocategory of rubber and plastic products 
was one of the industries counted, with 394 companies (5.4% of the total), with a 
total turnover of 4’942 million € (6.9% of the total turnover) and counting 20’672 
employees (7.1% of the total amount). There were no companies from the paper 
industry in this database.
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A fnal analysis of the paper and plastic industries was related to the import and 
e�port of their products in and from Germany. The data was recovered using the 
website World Integrated Trading Solutions”, which catalogued the import and 
e�ports if a country in macrogroups and organi�ed the foreign trade data either for 
single countries, for world regions or towards the world as a whole. In particular, for 
more precise products, the data is either shown divided between single countries 
or the whole world, while the macrocategories data can be obtained also divided 
between world regions (e.g. Europe and Central Asia). In the case of the plastic 
industry, it is considered a macrocategory, thus it was possible to recover the data 
divided between world regions, while the paper industry is part of the “wood” 
macrocategory, which covered the I� and � sections of the "armoni�ed System 
(International Standard system for nomenclature) üomenclature of 2022. In 
particular, the � section covers paper and paperboard products. In order to obtain 
the values for the paper industry, it was necessary to compare the import and 
e�port with the whole world of this industry with the ones of the Wood 
macrocategorye

Regarding the plastic industry [71], Germany shows much higher e�ports 
(73’714’920.48 thousand US$) than imports (56’181’439.37 thousand US$). In addition 
to that, both type of foreign trade are mostly focused on the European and Central 
Asia territories, which cover 78.5% of the total e�ports and 77.2% of the total 
imports. As a matter of facts, the e�ports towards Europe and Central Asia alone 
higher than the imports worldwide.  This shows that Germany has, at least 
concerning this industry, the vast majority of business e�changes limited on these 
territories.)

Concerning the paper industry, as stated previously, it was necessary to estimate 
the imports and e�ports amounts based on the ratio between worldwide paper 
imports and e�ports [72, 73], and the Wood macrocategory [74]. Comparing these 
data, Paper and paperboard imports (13’792.76 thousand US$) amounted to around 
0.05% of the worldwide Wood imports (28’770’858.32 thousand US$), while the 
e�ports of the paper industry (8’766.83 thousand US$) amounted to 0.02% of the 
worldwide Wood e�ports (35’883’418.53 thousand US$).
The remaining data related to the various world region was estimated by applying 
the calculated ratios to the amounts of imports and e�ports for the Wood 
macrocategory. Similarly to the plastic industry, the majority of business e�changes 
for the paper industry are related to the European and Central Asia territories, with 
the imports amounting to 88.4% of the worldwide imports and the e�ports being 
equal to 81.4% of the worldwide total.
Contrary to the plastic industry, though, the paper industry sees imports than 
e�ports, with the European and Central Asia imports being higher than the 
worldwide e�ports.

Test
NationGermany

Units with 
environmental 

turnover

Goods and services for environmental 
protection overview by economic activities 

and types of services (2018)

Manufacture of rubber and 
plastic products

Total

394 4’942 mn€ 20’672

7’319 71’40/ mn€ 2/9’2/0

Turnover of goods, 
construction work and 

services for environmental 
protection

Employees for 
the 

environmental 
protection
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Following the production of plastic and paper products, a research was conducted 
relatively to waste management, maintaining the focus on those products. The 
data retrieved from the Destatis database focused mainly on packaging, with an 
additional data related on the general waste treatment of types of waste, divided in 
macrocategories. The data related to packaging goes back to 2020, while the data 
on general waste management were dated to 2021.

The frst data retrieved described the amount of transport and secondary 
packaging recovered and the destination of the waste [75]. Transport packaging, 
also known as �tertiary packaging�, includes all forms of packaging whose ob�ective 
is to protect the products during transport, like containers, pallets, liquid tanks and 
drums. }econdary packaging, instead, indicates groups and bindings that contain 
more than one product. An example of secondary packaging is the flm 
surrounding bottles of water, which also reports information on the products.
The total quantity collected for transport and secondary packaging made out of 
plastic amounted to 329.9 thousand tons in 2020, while the amount of the same 
products in paper amounted to 2©9[6.1 thousand tons. When compared to the total 
amount of these types of packaging recovered, the plastic ones were equal to 7%, 
while paper packaging amounted to 39.6%, almost six times as much.
The waste is redistributed between sorting facilities (both in-house and external) 
and recovery operations, which included scrap merchants. In both cases for plastic 
and paper, this redistribution leans slightly more towards recovery operations. This 
seems to be the norm, since this trend appears even for the total amount of 
recovered transport and secondary packaging.

The other data collected related to packaging covered sales packaging. Also known 
as primary packaging, it protects and identifes the product. A perfect example are 
water bottles.
The second table, under the one related to transport and secondary packaging, 
covers the quantities collected from private consumers and the amounts collected 
by industry solutions and system operators [76]. As is shown in the table, the 
amount of plastic packaging is much less than the amount of paper and board 
packaging. This could be caused by a variety of reasons. For example, many food 
companies are slowly pivoting towards more green packaging, which often results 
in substituting plastic with paper. In addition to that, often paper packaging is used 
to ship electrodomestics and house appliances and paperboard ends up being 
much heavier than the foam plastic used to protect the products in these boxes. An 
interesting data related to the collection of sales packaging is the fact that the 
amount collected by industry solutions is much lower than the amount collected 
by system operators. As it will be explained further in this chapter, this is the result 
of various waste collection initiatives launched from the 1990s in �ermany.
The other data related to sales packaging analysed the amount of collected waste 
sorted and delivered in order to be used in a variety of ways [77].
As it can be seen by the third table, the amounts differ greatly from the ones 
described previously. The reason for this is the fact that the amounts analysed focus 
on the waste sorted. W
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This means that the waste collected from private consumers does is not 
immediately delivered towards recycling solutions and frst must be sorted in order 
to avoid contamination. This sorting causes the amount to pile up, resulting in 
higher amounts of waste redistributed.
Interesting information that can be extrapolated from this data is the fact that 
paper seems to be completely recycled, while plastic is not. As seen in the table, 
plastic sees small amounts of its waste being recycled using other forms rather 
than mechanical, like chemical or thermal recycling and around [0.6% is used for 
energy recovery, most likely being incinerated. This difference is very interesting, 
since it shows that paper there is much more effort and success in recycling paper 
than plastic, so much so that a large amount of plastic waste sees it life-cycle end, 
instead of being recycled.
When comparing this with the total amount of sales packaging redistributed, it can 
be seen that plastic waste covers the ma�ority of the amount of waste used for 
energy recovery (67.9%), so it seems that such an issue may be unique to plastic. As 
additional proof of that, the sum of paper and plastic waste recovered from private 
consumers and redistributed amounts to [9.3%, less than half. In comparison, glass 
waste covers alone 31.7% of the total.

The fnal data regarding waste management covers the amount of plastic and 
paper waste input in waste disposal facilities in 2021 [7Ó].
The types of waste are divided by macrocategoris, with plastic being divided 
between agricultural waste (EAV-02010[-U), generic waste plastic (EAV-070213-U) 
and plastics, synthetic rubber, fbres and waste not otherwise specifed 
(EAV-070299-U). Paper waste was divided between pulp, paper cardboard 
production (EAV-030301-U) and pulp, paper, cardboard production and waste not 
otherwise specifed (EAV-030399-U).Õ
The data shown on the table paints a different image than the one coming from 
packaging waste� in this case the total amount of plastic waste is much higher than 
the total of paper waste, with the generic �waste plastic� nomenclature alone 
covering the total of paper waste.
This shows that the amount of plastic that was not considered recyclable or 
reusable was quite high in 2021, totalling 509.Ó thousand tons. It shows, though, a 
positive change when compared to the amount of user plastic packaging waste 
destined to energy recovery in 2020� the amount is 20 thousand tons lower. 
Considering that the data from 2021 was presented as including any type of waste 
(the only category openly excluding packaging was the agricultural plastic waste), 
it could be speculated that the amounts of generic plastic waste was reduced 
greatly. As proof of that, when selecting as year 2020 instead of 2021, the total 
amount of plastic waste input in waste disposal facilities was equal to 6Ó9.6 
thousand tons, 179.Ó thousand tons higher. When compared to 2019, the input of 
that year amounted to [Ó9.Ó thousand tons. It is possible that one effect that the 
C%VID-19 virus had on �ermany waste disposal caused an increase of not easily 
recyclable plastic, like an increase of online purchases, which often contain 
Polystyrene foam to protect the shipped products. As it will be analysed later, foam 
Polystyrene is one of the issues that make recycling this thermoplastic challenging.

Test
NationGermany

Total 
quantity 
collected

(1’000 tons)

Destination

Transport and secondary 
packaging (2020)

Plastic

Paper and board

Total (Amounts corresponding to the total 
sum of all materials, not limited to plastic 

and paper)

329,9 135 195

2’946,1 1’234 1’712

4’731,8 2’218,3 2’513,6

Sorting facilities 
(in-house and 

external) (1’000 
tons)

Recovery operations 
(including scrap 

merchants) (1’000 
tons)

Total 
quantity 
collected

(1’000 tons)

Sales packaging: quantities collected 
from private ifnal consumers (2020)

Separately collected plastic

Paper and board

Total (Amounts corresponding to the total 
sum of all materials, not limited to plastic 

and paper)

13,7 0,9 12,8

1’679,7 19,6 1’660,1

6’503 25,3 6’477,7

Collected by 
industry 

solutions (1’000 
tons)

Collected by system 
operators (1’000 

tons)

Tota
l
(1’000 tons)

Quantity delivered after 
sorting, including separately 

collected materials

Sales packaging: quantities collected 
from private ifnal consumers (2020)

Separately collected plastic

Paper and board

Total (Amounts corresponding to the total 
sum of all materials, not limited to plastic 

and paper)

1’302,9 278,2

1’872,3 214,3

6’436 568,5

Including 
quantities 

delivered abroad 
(1’000 tons)

Delivered for/to

752,3

1’816

5’098,1

Mechanical 
recycling (1’000 

tons)

20,9

-

95,2

Other forms of 
recycling (1’000 

tons)

529,8

-

780,7

Energy reovery 
(1’000 tons)

Waste disposal: 8ermany, years, 
types of waste (2021)

EAV-020104-U: Agriculture etc: Waste 
plastics (except packaging) 30

424,5

55,3

Input in waste 
disposal 
facilitie
s

(1’000 tons)

489,8

Total plastic 
waste input 

201
9
(1’000 tons)

689,6

Total plastic 
waste input 

202
0
(1’000 tons)

509,8

Total plastic 
waste input 

202
1
(1’000 tons)

EAV-070213-U: Waste plastic

EAV-070299-U: Plastics, synthetic 
rubber, ifbres: Wastes n.o.s.

EAV-030301-U: Pulp, paper cardboard 
prod.: Waste bark and wood 265®5

29®1
EAV-030399-U: Pulp, paper, 

cardboard production: Wastes n.o.s.
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Following the production of plastic and paper products, a research was conducted 
relatively to waste management, maintaining the focus on those products. The 
data retrieved from the Destatis database focused mainly on packaging, with an 
additional data related on the general waste treatment of types of waste, divided in 
macrocategories. The data related to packaging goes back to 2020, while the data 
on general waste management were dated to 2021.

The frst data retrieved described the amount of transport and secondary 
packaging recovered and the destination of the waste [75]. Transport packaging, 
also known as �tertiary packaging�, includes all forms of packaging whose ob�ective 
is to protect the products during transport, like containers, pallets, liquid tanks and 
drums. }econdary packaging, instead, indicates groups and bindings that contain 
more than one product. An example of secondary packaging is the flm 
surrounding bottles of water, which also reports information on the products.
The total quantity collected for transport and secondary packaging made out of 
plastic amounted to 329.9 thousand tons in 2020, while the amount of the same 
products in paper amounted to 2©9[6.1 thousand tons. When compared to the total 
amount of these types of packaging recovered, the plastic ones were equal to 7%, 
while paper packaging amounted to 39.6%, almost six times as much.
The waste is redistributed between sorting facilities (both in-house and external) 
and recovery operations, which included scrap merchants. In both cases for plastic 
and paper, this redistribution leans slightly more towards recovery operations. This 
seems to be the norm, since this trend appears even for the total amount of 
recovered transport and secondary packaging.

The other data collected related to packaging covered sales packaging. Also known 
as primary packaging, it protects and identifes the product. A perfect example are 
water bottles.
The second table, under the one related to transport and secondary packaging, 
covers the quantities collected from private consumers and the amounts collected 
by industry solutions and system operators [76]. As is shown in the table, the 
amount of plastic packaging is much less than the amount of paper and board 
packaging. This could be caused by a variety of reasons. For example, many food 
companies are slowly pivoting towards more green packaging, which often results 
in substituting plastic with paper. In addition to that, often paper packaging is used 
to ship electrodomestics and house appliances and paperboard ends up being 
much heavier than the foam plastic used to protect the products in these boxes. An 
interesting data related to the collection of sales packaging is the fact that the 
amount collected by industry solutions is much lower than the amount collected 
by system operators. As it will be explained further in this chapter, this is the result 
of various waste collection initiatives launched from the 1990s in �ermany.
The other data related to sales packaging analysed the amount of collected waste 
sorted and delivered in order to be used in a variety of ways [77].
As it can be seen by the third table, the amounts differ greatly from the ones 
described previously. The reason for this is the fact that the amounts analysed focus 
on the waste sorted. W
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This means that the waste collected from private consumers does is not 
immediately delivered towards recycling solutions and frst must be sorted in order 
to avoid contamination. This sorting causes the amount to pile up, resulting in 
higher amounts of waste redistributed.
Interesting information that can be extrapolated from this data is the fact that 
paper seems to be completely recycled, while plastic is not. As seen in the table, 
plastic sees small amounts of its waste being recycled using other forms rather 
than mechanical, like chemical or thermal recycling and around [0.6% is used for 
energy recovery, most likely being incinerated. This difference is very interesting, 
since it shows that paper there is much more effort and success in recycling paper 
than plastic, so much so that a large amount of plastic waste sees it life-cycle end, 
instead of being recycled.
When comparing this with the total amount of sales packaging redistributed, it can 
be seen that plastic waste covers the ma�ority of the amount of waste used for 
energy recovery (67.9%), so it seems that such an issue may be unique to plastic. As 
additional proof of that, the sum of paper and plastic waste recovered from private 
consumers and redistributed amounts to [9.3%, less than half. In comparison, glass 
waste covers alone 31.7% of the total.

The fnal data regarding waste management covers the amount of plastic and 
paper waste input in waste disposal facilities in 2021 [7Ó].
The types of waste are divided by macrocategoris, with plastic being divided 
between agricultural waste (EAV-02010[-U), generic waste plastic (EAV-070213-U) 
and plastics, synthetic rubber, fbres and waste not otherwise specifed 
(EAV-070299-U). Paper waste was divided between pulp, paper cardboard 
production (EAV-030301-U) and pulp, paper, cardboard production and waste not 
otherwise specifed (EAV-030399-U).Õ
The data shown on the table paints a different image than the one coming from 
packaging waste� in this case the total amount of plastic waste is much higher than 
the total of paper waste, with the generic �waste plastic� nomenclature alone 
covering the total of paper waste.
This shows that the amount of plastic that was not considered recyclable or 
reusable was quite high in 2021, totalling 509.Ó thousand tons. It shows, though, a 
positive change when compared to the amount of user plastic packaging waste 
destined to energy recovery in 2020� the amount is 20 thousand tons lower. 
Considering that the data from 2021 was presented as including any type of waste 
(the only category openly excluding packaging was the agricultural plastic waste), 
it could be speculated that the amounts of generic plastic waste was reduced 
greatly. As proof of that, when selecting as year 2020 instead of 2021, the total 
amount of plastic waste input in waste disposal facilities was equal to 6Ó9.6 
thousand tons, 179.Ó thousand tons higher. When compared to 2019, the input of 
that year amounted to [Ó9.Ó thousand tons. It is possible that one effect that the 
C%VID-19 virus had on �ermany waste disposal caused an increase of not easily 
recyclable plastic, like an increase of online purchases, which often contain 
Polystyrene foam to protect the shipped products. As it will be analysed later, foam 
Polystyrene is one of the issues that make recycling this thermoplastic challenging.
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Separately collected plastic
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sum of all materials, not limited to plastic 
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1’302,9 278,2

1’872,3 214,3
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After,having,obtained,the,data,related,to,the,production,amountl,of,plaltic,and,
the,amountl,recovered,through,walte,management,programls,it,wal,pollible,to,
compare,the,two,data.,In,order,to,do,los,from,the,eltimated,amount,of,plaltic,
produced,by,3’300,companiel,in,the,indultrys,the,amount,of,plaltic,exported,from,
the,country,wal,lubtracted.,The,remaining,amounts,defned,al,�Elaltic,lold,in,
Germany”,wal,then,compared,to,the,amountl,delcribed,in,the,previoul,page. 
While,the,amountl,of,recovered,plaltic,packaging,and,the,total,plaltic,inputl,in,
landflll,are,very,lmall,amountl,when,compared,with,the,total,plaltic,weight,
produced,and,lold,in,Germanys,it,il,pollible,to,notice,that,the,total,amount,of,
plaltic,input,in,landflll,il,much,lower,than,the,amount,recovered,and,recycleds,
even,if,that,data,il,related,exclulively,to,packaging.

Al,it,will,be,explained,in,the,following,pages,Germany,il,home,of,a,variety,of,
initiativel,and,actl,foculed,on,either,recovering,and,recycling,plaltic,waltes,
particularly,packagings,or,on,reducing,walte,all,together.,Conlidering,the,fact,that,
the,lyltemic,pro$ect,will,focul,on,recovering,Eolyltyrene,waltes,which,il,a,material,
often,not,conlidered,worth,the,effort,of,recyclings,there,il,a,very,real,pollibility,that,
would,lee,luccells,elpecially,if,working,together,with,private,citizenl,and,offering,
incentivel.
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a
n
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Concluding,the,data,analylil,regarding,walte,managements,relearch,related,to,the,
landflll,prelent,on,the,German,territory,wal,conductedå

The,German,clallifcation,of,landflll,dividel,the,litel,in,fve,different,categoriel,
[79]s
Clall,0,landflll,are,above,ground,litel,uled,exclulively,for,inert,waltes
Clall,1,landflll,are,above,ground,and,uled,for,walte,which,hal,low,organic,content,
and,low,pollutant,relealel,in,leaching,teltls
Clall, ,landflll,are,above,ground,and,are,uled,for,walte,with,higher,organic,
content,and,relealel,in,leaching,teltl,than,the,walte,acceptable,in,Clall,1,landfllls
Clall,3,landflll,il,the,lalt,above,ground,clall,of,litel,and,are,uled,for,both,non-
hazardoul,and,hazardoul,walte,with,higher,contamination,ratel,and,ltronger,
relealel,in,leaching,teltl,than,walte,acceptable,in,Clall, ,litels
Finallys,Clall,4,landflll,are,underground,ltorage,litels
Leaching,teltl,are,uled,in,order,to,allell,the,rilk,of,a,walte,to,releale,organic,and,
inorganic,pollutantl.,There,are,a,variety,of,teltls,uled,in,order,to,verify,the,potential,
releale,of,pollutantl,under,different,circumltancels,like,the,expolure,to,
environmental,conditionl.,Thele,are,particularly,necellary,when,conlidering,that,
the,ma$ority,of,clallel,of,landflll,in,Germany,are,above,grounds,thul,increaling,the,
rilk,of,polluting,the,land,around,themå

The,data,related,to,landflll,found,in,the,Bundelamt,databale,âeltatil,[20],lhow,a,
total,of,100Ü,Ûal,of, 0 0ï,landflll,diltributed,on,the,German,territory. 
The,molt,common,clall,il,Clall,0s,with,707,litels,followed,by,Clall, ,Û142,litelïs,
Clall,1,Û1 3,litelïs,then,Clall,3,and,4,Û 7,litel,all,togetherï.,Intereltinglys,in,the,total,
landflll,are,counted, 06,hazardoul,walte,collection,litel. 
When,analyling,the,diltribution,of,landflll,on,the,territorys,it,appearl,thats,out,of,
the,four,highlighted,LØnders,both,Bayern,and,Baden-Württemberg,have,more,than,
300,landflll,eachs,while, ordrheim-Weltfalen,countl,1 2,litel,and, ellen,only, 2.,
Al,a,matter,of,facts, ellen,countl,fewer,landflll,than,3,other,LØnders,al,it,can,be,
leen,on,the,map,on,page,176.,Thil,leeml,to,lhow,that,the,territoriel,of,Bayern,and,
Baden-Württemberg,are,particularly,favourable,for,the,inltallation,of,landfllls,
elpecially,conlidering,that,only, ordrheim-Weltfalen,il,the,other,LØnder,counting,
a,three,digit,amount,of,landfll,litelä

A,fnal,data,regarding,landflll,il,the,amount,of,input,regiltered,in, 0 1,[20].,Al,it,
can,be,leen,on,the,graphs,the,total,amount,of,walte,input,in,landflll,in,that,year,
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the,ma$ority,of,walte,produced,in,Germany,il,either,inert,or,not,particularly,
hazardouls,though,hazardoul,walte,reached,Ü’2Ü3.4,thouland,of,tonl.,When,
comparing,the,amountl,of,plaltic,walte,recovered,with,the,amount,of,walte,input,
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Test
NationGermany

Comparison between amounts of produced 
plastics and recovered plastics

Produced plastic weight (3’300 
companies, 2022)

Sales packaging (separately collected 
plastics) - quantity delivered after sorting

236’788,7

Plastic sold in �ermany 
(production minus export) 163’073,7

Recovered plastic secondary 
packaging 329,9

Recovered sales packaging 
(separately collected plastics)

13,7

1’302,9

Total plastic waste input in landiflls in 2021 
(1’000 tons)

509,8

Amount
(1’000 tons)

2,2%



185

C
o
m
p
a
ri
s
o
n

After,having,obtained,the,data,related,to,the,production,amountl,of,plaltic,and,
the,amountl,recovered,through,walte,management,programls,it,wal,pollible,to,
compare,the,two,data.,In,order,to,do,los,from,the,eltimated,amount,of,plaltic,
produced,by,3’300,companiel,in,the,indultrys,the,amount,of,plaltic,exported,from,
the,country,wal,lubtracted.,The,remaining,amounts,defned,al,�Elaltic,lold,in,
Germany”,wal,then,compared,to,the,amountl,delcribed,in,the,previoul,page. 
While,the,amountl,of,recovered,plaltic,packaging,and,the,total,plaltic,inputl,in,
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Germany presents a variety of systems and initiatives operating towards the 
recovery of waste from consumers. Regarding plastic, the most well known is the 
Pfand System [81], which focuses on recovering single beverage containers using 
reverse vending machines. This system is not limited to plastic bottles, but also to 
glass and metal containers.
The Pfand System was in the works since 1991, but the reverse vending machines 
were installed only in 2003.
The system works thanks to the addition of a deposit to the price of a container: the 
price is variable for reusable containers (like plastic bottles), adding between 0.08 
and 0.15 €, while is fxed for single use containers (e.g. glass bottles and cans), 
amounting to 0.25 €.
This deposit is then given back to the consumer when they deposit the empty 
beverage containers in the machines.
The system allows for the deposit of drinking containers of volumes between 100 
ml and 3 l, allowing for a wide range of acceptable products. The containers that 
can be deposited in the machines can be recognised by a logo on either the label 
or on the container itself. The logos also indicate if the container is reusable or 
single use, with the reusable logo presenting the words “Für die umwelt” (for the 
environment) and “Mehrweg” (multiuse). The logo on single use containers simply 
presents the styli ed picture of a bottle and of a can.
As it is explained by the scheme of the Pfand System, the machines are located 
near retailers and collector sites, allowing for the consumers to deposit the empty 
containers and then obtain the fnancial return of the system. The system in itself is 
designed in a way to not infuence the usual routine of the consumers 
participating: the only step added is the deposit of the containers, while any other 
step, from purchasing to consuming the beverage remains unaffected (Commodity 
Cycle). Another interesting aspect of the system is the so-called “Financial Cycle”: 
the machine counts and registers the containers deposited, dividing them in the 
various categories. Then, it calculates the amount of money equal to the number 
and type of containers deposited, which is then given to the participant using an 
invoice. The deposit is paid by the producers of the containers, since the original 
deposit added to the prices of the beverages is part of the revenue gained from the 
sales.
The recovered containers are then considered “old materials”, as it can be seen in 
the “Recyclable Materials Cycle”, and are sold and recycled. They can either re-enter 
in the beverage packaging line or can be used to produce other products, like 
clothes or automotive parts.
The Pfand System saw great results in the years it was implemented: in 2018, the 
system registered a 97[ redemption rate of the estimated sold plastic beverage 
containers [82]. Considering the amounts of recovered plastic packaging, it can be 
surmised that, in 2022, a total of 1’P80 thousand tons of plastic packaging was 
produced.
The system uses reverse vending machines produced by the Eorwegian company 
TOMRA [83]. There are around 30’000 machines on the German territory, scanning 
the logos on the packaging.
Recently, TOMRA developed the Revolution line [84], which is able to receive up to 
100 between PET bottles and cans at once, reducing the times and simplifying the 
deposit process. Instead of the normal mechanical sorting, it uses compressed air. In
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The Pfand System is not the only plastic recovery initiative active in Germany. 
Another example is the ER�E system (Erntekunststoffe Recycling �eutschland) 
[85], which is focused on recovering plastic flms, bale twine, nets and other 
products used in agriculture and reintroducing them in the material cycle through 
recycling. In 2022 they managed to recover 38’47P tons of agricultural plastic and 
have an average of 42’748 tons of CO2 saved per year. According to the calculations 
of the Frauenhofer Institut Ïmsicht, this amount is equal to the amount of CO2 
bound by 3.080.902 trees%

Another historical initiative was “�er Grüne Punkt” (The Green �ot) [8P]. Precursor 
of the European scheme by the same name, this system was launched in 1990 by 
the �uales System �eutschland. This system aimed to make companies 
contributing to the cost of recovery and recycling of their products, and signalling 
so to the consumers with a logo which manufacturers participated.
The recovery could happen both with household waste collected by authorities (e.g. 
in special bags) or with containers in public spaces.
To participate, companies have to pay a license fee to �uales System �eutschland 
in order to place the Green �ot logo on their products, while the company 
organi es the recovery of waste. The collection, transport and disposal of waste is 
not carried out by the �S�, but by commissioned disposal companies. In order to 
assign precise areas, the country is divided in “�S� contracted areas”, which usually 
correspond to borders of cities and districts.
Following the Germany Waste Management Act, all companies must recover their 
packaging themselves, if they are not participating in the Green �ot scheme. This is 
only feasible for low-volume producers%

In 1991 the ordinance “Verpackungsverordnung” (Packaging Ordinance) [87] was 
launched, with the objective of recovering packaging and recycling it. A system was 
created in order to recover packaging from private citi ens, avoiding returning 
contaminated packaging to stores, which could cause issues related to hygiene and 
space. In order to facilitate recovering waste from the citi ens, similar solutions as 
the ones used in the Green �ot scheme were used, like yellow bags and bin 
containers. This allowed for an increase in the collection rates%

In September 199P the Closed Substance Cycle and Waste Management Act [88] 
was launched. This act integrated product responsibility in the economic decision-
making of manufacturing companies, with the aim to promote a life-cycle 
economy which avoided generating waste.
In order to do so, the act states that whoever consumes or produces goods is 
responsible for either avoid disposing, recycling, reusing or properly disposing the 
resulting waste.
The act defned a hierarchy of avoidance, recovery and disposal which set as 
primary obligation avoiding waste in the production processes, while also 
promoting low-waste products. If not possible, the waste should be recovered and 
either recycled or used as source of energy. If that is also not possible, then the 
waste must be disposed in an eco-friendly way.
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Pfand System [81], which focuses on recovering single beverage containers using 
reverse vending machines. This system is not limited to plastic bottles, but also to 
glass and metal containers.
The Pfand System was in the works since 1991, but the reverse vending machines 
were installed only in 2003.
The system works thanks to the addition of a deposit to the price of a container: the 
price is variable for reusable containers (like plastic bottles), adding between 0.08 
and 0.15 €, while is fxed for single use containers (e.g. glass bottles and cans), 
amounting to 0.25 €.
This deposit is then given back to the consumer when they deposit the empty 
beverage containers in the machines.
The system allows for the deposit of drinking containers of volumes between 100 
ml and 3 l, allowing for a wide range of acceptable products. The containers that 
can be deposited in the machines can be recognised by a logo on either the label 
or on the container itself. The logos also indicate if the container is reusable or 
single use, with the reusable logo presenting the words “Für die umwelt” (for the 
environment) and “Mehrweg” (multiuse). The logo on single use containers simply 
presents the styli ed picture of a bottle and of a can.
As it is explained by the scheme of the Pfand System, the machines are located 
near retailers and collector sites, allowing for the consumers to deposit the empty 
containers and then obtain the fnancial return of the system. The system in itself is 
designed in a way to not infuence the usual routine of the consumers 
participating: the only step added is the deposit of the containers, while any other 
step, from purchasing to consuming the beverage remains unaffected (Commodity 
Cycle). Another interesting aspect of the system is the so-called “Financial Cycle”: 
the machine counts and registers the containers deposited, dividing them in the 
various categories. Then, it calculates the amount of money equal to the number 
and type of containers deposited, which is then given to the participant using an 
invoice. The deposit is paid by the producers of the containers, since the original 
deposit added to the prices of the beverages is part of the revenue gained from the 
sales.
The recovered containers are then considered “old materials”, as it can be seen in 
the “Recyclable Materials Cycle”, and are sold and recycled. They can either re-enter 
in the beverage packaging line or can be used to produce other products, like 
clothes or automotive parts.
The Pfand System saw great results in the years it was implemented: in 2018, the 
system registered a 97[ redemption rate of the estimated sold plastic beverage 
containers [82]. Considering the amounts of recovered plastic packaging, it can be 
surmised that, in 2022, a total of 1’P80 thousand tons of plastic packaging was 
produced.
The system uses reverse vending machines produced by the Eorwegian company 
TOMRA [83]. There are around 30’000 machines on the German territory, scanning 
the logos on the packaging.
Recently, TOMRA developed the Revolution line [84], which is able to receive up to 
100 between PET bottles and cans at once, reducing the times and simplifying the 
deposit process. Instead of the normal mechanical sorting, it uses compressed air. In
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[85], which is focused on recovering plastic flms, bale twine, nets and other 
products used in agriculture and reintroducing them in the material cycle through 
recycling. In 2022 they managed to recover 38’47P tons of agricultural plastic and 
have an average of 42’748 tons of CO2 saved per year. According to the calculations 
of the Frauenhofer Institut Ïmsicht, this amount is equal to the amount of CO2 
bound by 3.080.902 trees%
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of the European scheme by the same name, this system was launched in 1990 by 
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in special bags) or with containers in public spaces.
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correspond to borders of cities and districts.
Following the Germany Waste Management Act, all companies must recover their 
packaging themselves, if they are not participating in the Green �ot scheme. This is 
only feasible for low-volume producers%

In 1991 the ordinance “Verpackungsverordnung” (Packaging Ordinance) [87] was 
launched, with the objective of recovering packaging and recycling it. A system was 
created in order to recover packaging from private citi ens, avoiding returning 
contaminated packaging to stores, which could cause issues related to hygiene and 
space. In order to facilitate recovering waste from the citi ens, similar solutions as 
the ones used in the Green �ot scheme were used, like yellow bags and bin 
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In September 199P the Closed Substance Cycle and Waste Management Act [88] 
was launched. This act integrated product responsibility in the economic decision-
making of manufacturing companies, with the aim to promote a life-cycle 
economy which avoided generating waste.
In order to do so, the act states that whoever consumes or produces goods is 
responsible for either avoid disposing, recycling, reusing or properly disposing the 
resulting waste.
The act defned a hierarchy of avoidance, recovery and disposal which set as 
primary obligation avoiding waste in the production processes, while also 
promoting low-waste products. If not possible, the waste should be recovered and 
either recycled or used as source of energy. If that is also not possible, then the 
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The result of the analysis of Germany as a test nation allows to highlight the 
reasons why it would be particularly effective to develop a system centreed around 
the recovery of plastic waste from both the users and landflls, as well as the input 
of said waste in a new industry after transforming it in a new material.

The nation presents a rich history of efforts towards the reduction of pollution 
coming from a variety of industries, as well as strong interest of the population in 
participating in initiatives that see them as the main supplier of recoverable waste, 
if given the correct incentives. In addition to that, the effort to reduce the amount 
of waste left in landflls can be noticed by the gradual decrease of �uantity year 
after year, as well as the attention towards sorting the recovered waste in 
macrocategories, which will make the sorting step of the recycling process less 
stressful on the materials.

The German territory is rich in mineral resources, like limestone. When considering 
the adoption of a thermoplastic resin composition with Calcium Carbonate as 
inorganic fller, the German territory would be optimal, considering that limestone 
can be processed in order to obtain Calcium Carbonate relatively cheap.

When comparing industries, the paper one would gin valuable resources by 
starting to adopt alternative raw materials to wood pulp. In particular, the reduction 
of water usage caused by the substitution of paper with stone paper or materials 
similar to �imex could be impactful. There would, though, be the need to not 
re�uire new technologies to work these materials in paper!like sheets.

Considering the effectiveness of the Pfand System, it is possible to expect an active 
collaboration between German model builders and a user waste recovery system. 
In addition to that, the large amount of model kit stores, even when only 
considering the �) ma�or cities in the country (�
	/, presents a optimal opportunity 
to organi�e an effective recovery network which allows model builders to 
participate freely during their model kit purchasing trips.

Concluding the analysis of the territory, Germany is an excellent nation to use as a 
test for user waste recovering initiatives, both thanks to the experience that the 
consumers already have in that regard, and to the efforts that the country itself 
took in its history in order to reduce waste and pollution in its territory. The territory 
itself would help towards obtaining the resources needed to produce new materials 
starting from waste and the industries of the region could beneft from the 
adoption of new, more eco!friendly, materials.

Test
NationGermany
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Polystyrene is the thermoplastic resin most used when producing model kits in 
plastic. The cheap and light nature of the resin, combined with its formability in a 
large variety of production processes, allow for high volume productions. In 
addition to that, it adheres and flls well the moulds used, allowing even the smaller 
details designed to appear clearly on the fnal product.
Polystyrene, while used in a variety of applications, is still mostly known in foam 
form, since it is particularly common to use as packaging material, both as 
protection for shipped goods and for food packaging. Because of its ample range of 
applications, Polystyrene presents various issues that impede an easy input in any 
recycling process, particularly mechanical recycling.
In this section the issues and the recycling methods will be analysed, together with 
how Polystyrene could be an alternative to Polypropylene in the production of the 
thermoplastic resin composition known as Limex.
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Polystyrene sees a large part of its use when foamed. In order to produce this type 

of material, foaming agents are injected in the resin during the production process. 

Foam Polystyrene, also known as Expanded Polystyrene, presents a variety of issues 

caused by its foam status.

 ne example is the fact that its “expanded”. By adding foaming agents, the 

material ends up being distributed on a larger volume, causing issues in 

transporting and storing it: its bulk occupies large spaces, making it diffcult to 

store and very expensive to transport. It also yelds small amounts of Polystyrene, it 

being only 2% of the total volume  8[1. This is one of the reasons why Polystyrene is 

not recycled at the same rates of other thermoplastic resins: a large amount of 

Polystyrene waste is composed of expanded material, and the logistic issues hinder 

the recycling of the material as a whole.

Another very critical issue of foam Polystyrene, which make it much more 

dangerous for the environment than the other forms of Polystyrene is how much it 

is susceptible to photo-oxidation  [01. In this process, the surface of the material is 

degraded by the combined action of light and oxygen, heavily contributing to 

microplastics. Æiven its particular structure, the thermoplastic is surrounded by 

empty space, allowing both light and air to penetrate easily. Because of this, the 

photo-oxidation process affects the material as a whole, degrading it much faster 

than extruded plastics.

Considering the issues caused by the addition of foaming agents to Polystyrene, 

recycling problems surface with any type of additive used during the production 

processes. Due to its large amount of applications, additives are used in order to 

give Polystyrene the properties needed based on the fnal products  [91.  nce the 

additives are mixed with the polymer, it is impossible to mechanically remove them 

in order to reuse the material outside sorting it by additive. The reason for this is 

that any chemical modifcation to the polymer may end up ruining an entire batch 

of recycled Polystyrene, which often consists of multiple tons of material.

This is also the reason as for why sorting thermoplastics is crucial before starting 

the recycling process. The sorting process usually is a combination of machine and 

manual work.

A fnal issue regarding recycling comes from the fact that Polystyrene is often used 

to produce food containers. These containers need to be thoroughly washed before 

recycling, in order to remove traces of food. The methods commonly used require 

wet washing, usually with detergents and caustic agents. These risks water 

pollution, therefore, together with dedicated washing equipment and a drying 

step, a wastewater treatment facility is necessary. R
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When it comes to recycling Polystyrene is primarily downcycled into disposable 

cutlery and products, but by the tenth reprocessing cycle, the molecular weight of 

the plastic decreases by nearly R0%  [21. This is caused by Polystyrene sensibility to 

the shear stress applied to it in the extruder and, with increasing extruding speed, 

the thermo-mechanical degradation signifcantly increases. This causes a 

molecular mass decrease in the fnal product.M

During extrusion, this degradation produces small amounts of very low molecular 

mass hydrocarbons, such as monomers and dimers.

This makes Polystyrene not particularly well suited for mechanical recycling, but is 

not the only issue that makes it so. The biggest one, already explained, is sorting. 

This process is both time and resource consuming, therefore various techniques to 

reduce stress during sorting are in development.

An example of automated sorting is “#ear Infrared”. This technology is used to 

determine the polymer type, using optical colour recognition. This sorts plastic into 

clear and coloured fractions.

There are various complementary technologies, like !-rays, analysis of density, 

melting point, hydrocyclons and selective dissolution*

Polystyrene was found to be particularly suited to chemical recycling.  ince it is 

very sensible to degradation, techniques that have the objective of separating the 

polymer from other substances present in the plastic are quite effective. There are 

three main categories of chemical recycling.

The frst one is “ olvent purifcation”. This technique dissolves the Polystyrene in 

dichloromethane, toluene and limonene solvents, and subsequently precipitates it 

out by mixing methanol, water or hexane.

The second chemical recycling category is “Chemical depolymeri0ation”. This 

technique degrades Polystyrene in various supercritical solvents, like ben0ene, 

toluene or ethylben0ene, between 390 and 37[ °C and at a pressure of �.0 �Pa.  ut 

of these solvents, toluene is more effective for the recovery of  tyrene monomer 

from Polystyrene. In addition to that, the highest yield of  tyrene monomer from 

chemically degrading Polystyrene was obtained by dissolving it in toluene solvent 

at 3�0 °C for 20 minutes.

The third category is “Thermal depolymeri0ation”. Already introduced while talking 

about the Æunpla �ecycling Project, thermal pyrolysis of Polystyrene yelds high 

percentage of styrene monomer. As of now, a �3% yield of  tyrene was obtained ad 

477 °C. Product oil containing 83% (yield at weight) of monomer was generated by 

pyrolysis at R20 °C using a �uidi0ed bed reactor. These yields can be enhanced by 

adding organic additives, such as naphthalene, to the pyrolysis process.
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When considering Polystyrene as a substitute to Polypropylene to produce the 
thermoplastic resin composition with inorganic fller commercially known as Limex, 
it is necessary to analyse which properties of the material would help in this regard 
and which could become issues and how to solve them.

The thermoplastic resin used to produce Limex is a blend of Polypropylene with 
long chain branching and without long chain branching. This is possible to achieve 
with Polystyrene as well, since its structure can be with and without said branching.
Polystyrene is part of the family of polyolefns, having ethylene as the main chain 
which composes the polymer. This is very important, since the polyolefn family is 
one of the few thermoplastic resin categories listed as possible substitutes in the 
Limex patent.

While Polystyrene satisfes quite a few key points to be a substitute to 
Polypropylene, the frst and main issue that comes from the Limex patent is related 
to the internal structure of the thermoplastic resin.
In order to produce the composition, the patent states that a crystalline structure is 
preferable. The structure of Polystyrene is completely amorphous, thus not making 
it the most desirable thermoplastic resin to substitute Polypropylene.
That said, Polystyrene is used in a varied array of products, one of which are model 
kits. Considering that Limex has been tested with Bandai model kits, as mentioned 
in the previous chapter, and that Polystyrene is the most used plastic in that 
industry, it could be possible to adopt it as a substitute to manufacture a new 
material, similar to Limex, but for types of products that may not need to beneft 
from a particularly crystalline structure. For example, paper and model kits, 
especially considering that a crystalline or amorphous structure, among other 
things, in�uences the resistance to heat of the plastic. Both applications would not 
necessarily require said resistance.

In addition to that, there are methods to polymeri0e Polystyrene in a way to give it a 
crystalline structure. In particular, the ¥iegler-#atta method, which produces an 
ordered “syndiotactic polystyrene”, which is highly crystalline  [31.
This type of Polystyrene is already present on the market, produced by the Idemitsu 
Corporation, under the commercial name of “!A�EC”  [41.

In conclusion, Polystyrene is a material that has a fair share of issues regarding its 
recyclability, though, just like the majority of thermoplastics, it is possible to recover 
it and input it back in a production cycle. Thanks to its versatility, it could be used as 
a substitute to Polypropylene to produce a thermoplastic resin composition, 
though it would require some experimenting in order to fnd the correct 
methodology to do so and the material ratios.
By developing a company focused on recovering and recycling Polystyrene it 
should be possible to improve the environmental footprint of the material, 
especially if the steps taken in order to do so can be scaled up based on the 
territory and the industry where the company inserts itself.
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Polystyrene is the thermoplastic resin most used when producing model kits in 
plastic. The cheap and light nature of the resin, combined with its formability in a 
large variety of production processes, allow for high volume productions. In 
addition to that, it adheres and flls well the moulds used, allowing even the smaller 
details designed to appear clearly on the fnal product.
Polystyrene, while used in a variety of applications, is still mostly known in foam 
form, since it is particularly common to use as packaging material, both as 
protection for shipped goods and for food packaging. Because of its ample range of 
applications, Polystyrene presents various issues that impede an easy input in any 
recycling process, particularly mechanical recycling.
In this section the issues and the recycling methods will be analysed, together with 
how Polystyrene could be an alternative to Polypropylene in the production of the 
thermoplastic resin composition known as Limex.
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Polystyrene sees a large part of its use when foamed. In order to produce this type 

of material, foaming agents are injected in the resin during the production process. 

Foam Polystyrene, also known as Expanded Polystyrene, presents a variety of issues 

caused by its foam status.

 ne example is the fact that its “expanded”. By adding foaming agents, the 

material ends up being distributed on a larger volume, causing issues in 

transporting and storing it: its bulk occupies large spaces, making it diffcult to 

store and very expensive to transport. It also yelds small amounts of Polystyrene, it 

being only 2% of the total volume  8[1. This is one of the reasons why Polystyrene is 

not recycled at the same rates of other thermoplastic resins: a large amount of 

Polystyrene waste is composed of expanded material, and the logistic issues hinder 

the recycling of the material as a whole.

Another very critical issue of foam Polystyrene, which make it much more 

dangerous for the environment than the other forms of Polystyrene is how much it 

is susceptible to photo-oxidation  [01. In this process, the surface of the material is 

degraded by the combined action of light and oxygen, heavily contributing to 

microplastics. Æiven its particular structure, the thermoplastic is surrounded by 

empty space, allowing both light and air to penetrate easily. Because of this, the 

photo-oxidation process affects the material as a whole, degrading it much faster 

than extruded plastics.

Considering the issues caused by the addition of foaming agents to Polystyrene, 

recycling problems surface with any type of additive used during the production 

processes. Due to its large amount of applications, additives are used in order to 

give Polystyrene the properties needed based on the fnal products  [91.  nce the 

additives are mixed with the polymer, it is impossible to mechanically remove them 

in order to reuse the material outside sorting it by additive. The reason for this is 

that any chemical modifcation to the polymer may end up ruining an entire batch 

of recycled Polystyrene, which often consists of multiple tons of material.

This is also the reason as for why sorting thermoplastics is crucial before starting 

the recycling process. The sorting process usually is a combination of machine and 

manual work.

A fnal issue regarding recycling comes from the fact that Polystyrene is often used 

to produce food containers. These containers need to be thoroughly washed before 

recycling, in order to remove traces of food. The methods commonly used require 

wet washing, usually with detergents and caustic agents. These risks water 

pollution, therefore, together with dedicated washing equipment and a drying 

step, a wastewater treatment facility is necessary. R
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When it comes to recycling Polystyrene is primarily downcycled into disposable 

cutlery and products, but by the tenth reprocessing cycle, the molecular weight of 

the plastic decreases by nearly R0%  [21. This is caused by Polystyrene sensibility to 

the shear stress applied to it in the extruder and, with increasing extruding speed, 

the thermo-mechanical degradation signifcantly increases. This causes a 

molecular mass decrease in the fnal product.M

During extrusion, this degradation produces small amounts of very low molecular 

mass hydrocarbons, such as monomers and dimers.

This makes Polystyrene not particularly well suited for mechanical recycling, but is 

not the only issue that makes it so. The biggest one, already explained, is sorting. 

This process is both time and resource consuming, therefore various techniques to 

reduce stress during sorting are in development.

An example of automated sorting is “#ear Infrared”. This technology is used to 

determine the polymer type, using optical colour recognition. This sorts plastic into 

clear and coloured fractions.

There are various complementary technologies, like !-rays, analysis of density, 

melting point, hydrocyclons and selective dissolution*

Polystyrene was found to be particularly suited to chemical recycling.  ince it is 

very sensible to degradation, techniques that have the objective of separating the 

polymer from other substances present in the plastic are quite effective. There are 

three main categories of chemical recycling.

The frst one is “ olvent purifcation”. This technique dissolves the Polystyrene in 

dichloromethane, toluene and limonene solvents, and subsequently precipitates it 

out by mixing methanol, water or hexane.

The second chemical recycling category is “Chemical depolymeri0ation”. This 

technique degrades Polystyrene in various supercritical solvents, like ben0ene, 

toluene or ethylben0ene, between 390 and 37[ °C and at a pressure of �.0 �Pa.  ut 

of these solvents, toluene is more effective for the recovery of  tyrene monomer 

from Polystyrene. In addition to that, the highest yield of  tyrene monomer from 

chemically degrading Polystyrene was obtained by dissolving it in toluene solvent 

at 3�0 °C for 20 minutes.

The third category is “Thermal depolymeri0ation”. Already introduced while talking 

about the Æunpla �ecycling Project, thermal pyrolysis of Polystyrene yelds high 

percentage of styrene monomer. As of now, a �3% yield of  tyrene was obtained ad 

477 °C. Product oil containing 83% (yield at weight) of monomer was generated by 

pyrolysis at R20 °C using a �uidi0ed bed reactor. These yields can be enhanced by 

adding organic additives, such as naphthalene, to the pyrolysis process.
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When considering Polystyrene as a substitute to Polypropylene to produce the 
thermoplastic resin composition with inorganic fller commercially known as Limex, 
it is necessary to analyse which properties of the material would help in this regard 
and which could become issues and how to solve them.

The thermoplastic resin used to produce Limex is a blend of Polypropylene with 
long chain branching and without long chain branching. This is possible to achieve 
with Polystyrene as well, since its structure can be with and without said branching.
Polystyrene is part of the family of polyolefns, having ethylene as the main chain 
which composes the polymer. This is very important, since the polyolefn family is 
one of the few thermoplastic resin categories listed as possible substitutes in the 
Limex patent.

While Polystyrene satisfes quite a few key points to be a substitute to 
Polypropylene, the frst and main issue that comes from the Limex patent is related 
to the internal structure of the thermoplastic resin.
In order to produce the composition, the patent states that a crystalline structure is 
preferable. The structure of Polystyrene is completely amorphous, thus not making 
it the most desirable thermoplastic resin to substitute Polypropylene.
That said, Polystyrene is used in a varied array of products, one of which are model 
kits. Considering that Limex has been tested with Bandai model kits, as mentioned 
in the previous chapter, and that Polystyrene is the most used plastic in that 
industry, it could be possible to adopt it as a substitute to manufacture a new 
material, similar to Limex, but for types of products that may not need to beneft 
from a particularly crystalline structure. For example, paper and model kits, 
especially considering that a crystalline or amorphous structure, among other 
things, in�uences the resistance to heat of the plastic. Both applications would not 
necessarily require said resistance.

In addition to that, there are methods to polymeri0e Polystyrene in a way to give it a 
crystalline structure. In particular, the ¥iegler-#atta method, which produces an 
ordered “syndiotactic polystyrene”, which is highly crystalline  [31.
This type of Polystyrene is already present on the market, produced by the Idemitsu 
Corporation, under the commercial name of “!A�EC”  [41.

In conclusion, Polystyrene is a material that has a fair share of issues regarding its 
recyclability, though, just like the majority of thermoplastics, it is possible to recover 
it and input it back in a production cycle. Thanks to its versatility, it could be used as 
a substitute to Polypropylene to produce a thermoplastic resin composition, 
though it would require some experimenting in order to fnd the correct 
methodology to do so and the material ratios.
By developing a company focused on recovering and recycling Polystyrene it 
should be possible to improve the environmental footprint of the material, 
especially if the steps taken in order to do so can be scaled up based on the 
territory and the industry where the company inserts itself.
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Thanks to the data recovered during the survey on the model builders’ community, 
the information and data related to the territory of Germany, on the model kit 
industry and its production cycles and the information related to Polystyrene, it 
emerged that a system employing all the solutions analysed using case studies, 
rather than a single one, would have stronger effects on each actor.
The new system would see at its centre the initial recovery of model kit runners 
from the fnal consumers, which would scale up in time, until reaching the recovery 
of Polystyrene from the 1’005 landflls in the German territory. The plastic material 
will not be simply recycled and input back in the production system, but it will be 
used in order to produce a thermoplastic resin composition using Calcium 
Carbonate as inorganic fller. This way it will be possible to maintain the physical 
and mechanical properties of Polystyrene, reducing the amount needed to produce 
the equivalent amount recovered and reducing its carbon footprint.
The properties gained from the inorganig fller will allow to employ the newly 
produced material not only in the model kit industry, where it will be initially input 
back in order to create a circular system. This new material, which will be defned as 
“Limex” (with the quotation marks, since it does not have the same composition as 
the original Limex discussed previously), will be implemented in the long term also 
in the paper industry and, on a much smaller scale, also in the general plastic 
industry. This will allow for a reduction of raw material and water usage, though the 
foreseen effects will be initially very weak, considering that the paper industry 
analysed spans the whole German territory.
This application of the new material is not completely new for the Limex 
manufacturer TBM Co. Ltd., since the material is already in use as both paper and 
plastic alternative. The main difference between the Limex and the “Limex” of this 
system is the thermoplastic material and the objective to produce it using 
exclusively waste Polystyrene, while opening the model kit industry and avoiding 
maintaining the closeness of the system as seen in the second chapterr

In order to better analyse and discuss the system, the actors will be defned and the 
benefts that they could gain from the system itself. These benefts can be divided 
between four main categoriesÐ economic benefts, environmental benefts, 
technological benefts and socio-cultural benefts.
Economic benefts defne any positive effect regarding the purchase and sale of 
goods, as well as any other beneft that an actor can gain from participating, 
including incentives and reductions of production costs.
Environmental benefts describe positive effects on the environment caused by the 
participation in the system, like the reduction of plastic waste sent in landflls and 
production waste.
Technological benefts will focus on the technology needed to participate in the 
system and if and how it will impact the production processes of the industries in it.
Finally, socio-cultural benefts will describe how actors may be innuenced during 
the participation in the system itself, and how the actors may innuence each other.
The system will be analysed by dividing it in three time periods (short, medium and 
long period) and in three territory levels (micro, meso and macro level).
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In order to better understand how the new system affects the previous one, it is 

necessary to defne the actors present and how they interact with each otherr

The frst actor(s) are the model kit companies present on the territory and the ones 

that sell their products using retailers and e-commerce solutions in Germany. 

These companies play a very important role in the system, just like in the original 

one. Being the providers of the material that will be recovered from the consumers, 

these actors affect the system from the start. Initially, though, the only other effect 

that they will have is going to be mostly marketing related. The system is not 

focused on a singular company, but the runners recovered from the users will come 

from the products of any model kit company that sells in Germany and that uses 

Polystyrene as production material. This makes it much more diffcult to develop a 

direct collaboration system between the recovery of runners and the companies, 

which will innuence how the model builders participating in the system will receive 

the incentivesr

Another actor will be a Polystyrene recycling company. This company will be the 

second fundamental element that allows for the launch of the user waste recovery 

system, from which the runners will be gathered from the fnal users. This company 

will have the objective of both recovering the material and developing it in the 

“Limex” described previously. From the production of the new material the 

company will be able to grow and scale up the system itself, up until starting to 

gather Polystyrene waste from the German landflls. This company will also have 

the duty of granting the incentives to the model builders participatingr

The third actor in the system is the user waste recovery system itself. This system, 

which will be defned more in depth later in this chapter, will be divided between 

allowing the model builders to leave the runners in apposite reverse vending 

machines near model kit stores, similarly to the Pfand System, or to send them via 

mail. This way it will be much easier for the participants to organiàe their 

participation, without additional effort and without requiring the development of a 

house-to-house recovery network. As it will be defned later, the incentives gained 

by participating will grant discounts to the model builders based on the weight of 

the plastic sent. There will be limitations on the minimum allowed as well as the 

maximum amount allowedr

The fourth actor(s) are the retail and online (e-commerce) stores that sell the model 

kits to the model builders. These actors are very important to the system because 

play a role in both the commercial and material nows. T
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Stores, both physical and online, will receive incentives to participate in the waste 

recovery system. In both cases, the stores may not see a direct economic gain by 

participating, especially when considering that the results from the survey showed 

model builders not keen in purchasing model kits particularly often (around once a 

month). That said, as it will be explored in the next chapter, with time the 

participation of model builders in the waste recovery system will help the growth of 

sales for the stores participatingr

Another actor(s) added to the system are Calcium Carbonate manufacturers. These 

actors are necessary for the purchase of the inorganic fller used to produce 

“Limex”. The manufacturers do not participate directly in the system itself and only 

interact with the Polystyrene recycling company. This is caused by the fact that the 

introduction of Calcium Carbonate in the system only affects other actors if 

implemented as part of the new materialr

The next actor(s) are the German landflls. These sites will see initial effects of the 

system from the short period (0-S years), but will start participating more actively in 

the system from the medium period (S-( years). The reason for this is the necessity 

to allow for the system to stabilise itself using the user waste recovery system, as 

well as allowing the Polystyrene recycling company to become more economically 

stable. This will allow the company to purchase Polystyrene waste from the landflls, 

reducing gradually the quantity present. This is the long term objective of the 

systemÐ reducing the amount of Polystyrene left in landfllsr

The fnal actors in the system are the plastic industry and the paper industry. Both 

will enter the system in the long period and will not have an immediate active role 

in it. In both cases, their function is to open the system, by using “Limex” produced 

form waste Polystyrene, recovered from both the user waste recovery system and 

from landflls.

This is also one of the reasons why the system will need to be scaled up by 

recovering Polystyrene from landfllsÐ as seen previously in this chapter, these 

industries see a product volume amounting to millions of #, which would make the 

amounts of “Limex” produced using recovered runners too small to affect the 

production signifcantly. In particular, the plastic industry saw an estimated yearly 

production of plastic of hundreds millions of tons of material. That said, an estimate 

of (.1" of the total plastic production is covered by Polystyrene ! 5�, reducing the 

necessary amount of “Limex” that needs to be produces in order to affect the 

Polystyrene industry.
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The three time periods will be particularly helpful in defning how the effects of the 
new system will affect the actors, as well as the intensity of said effects. By using a 
time period of 10 years, it is possible to set a bigger and more effective objective 
that maintains plausibility, especially when considering that the system will try to 
open up the model kit industry to other industries in the countryr

Similarly, the three micro, meso and macro level will help distribute the actors on 
the territory. The micro and meso scale will cover territories included in the four 
Länder described previously, while the macro scale will touch the entire German 
nation.
On a micro scale, the main actors will be the ones present in the original system, 
with the addition of the waste recovery system and the Polystyrene recycling 
company. The reason for this is the fact that these actors will be the starting ones 
for the whole system.
The actors on a meso scale will be the ones that start innuencing the system by 
interacting with the Polystyrene recycling companyÐ Calcium Carbonate 
manufacturers and landflls. �egarding the landflls, while still mainly on a meso 
scale, with time will be also included on a macro scale, with the system reaching 
outside the four Länder.
For the macro scale, the main actors will be the industries towards which the 
system will open up. The reason for this is the fact that the system would not be 
immediately able to open up during the short and medium period, as it will be 
defned in the next chapter. Thus, the innuence of outside industries will be 
corresponding on the opening towards a macro scale in the long periodr

The system can be also divided in three main “nows”, which describe the relations 
between actorsr

The material now focuses on the movement of Polystyrene and other materials in 
the system, defning when it becomes an output (waste) or an input (raw material). 
This is crucial in order to understand the impact that the system will have on each 
actor, especially on the environmental side of thingsr

The commercial now is intertwined with the material now. It shows the economic 
movements in the system, covering both purchases of goods, materials and 
incentives in the system. Since various material movements correspond to 
economic exchanges, the scheme on the next page will depict them as part of the 
material now, since, in that case, the material movement has a higher priority than 
the economic oner

The information now depicts both which information is shared and how. As it will 
be explained further later in this chapter, the information now innuences the 
participation in the waste recovery initiative and promotes it, using both scientifc 
channels and other news sharing services, such as social media and newsletters.

Systemic
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Thanks to the data recovered during the survey on the model builders’ community, 
the information and data related to the territory of Germany, on the model kit 
industry and its production cycles and the information related to Polystyrene, it 
emerged that a system employing all the solutions analysed using case studies, 
rather than a single one, would have stronger effects on each actor.
The new system would see at its centre the initial recovery of model kit runners 
from the fnal consumers, which would scale up in time, until reaching the recovery 
of Polystyrene from the 1’005 landflls in the German territory. The plastic material 
will not be simply recycled and input back in the production system, but it will be 
used in order to produce a thermoplastic resin composition using Calcium 
Carbonate as inorganic fller. This way it will be possible to maintain the physical 
and mechanical properties of Polystyrene, reducing the amount needed to produce 
the equivalent amount recovered and reducing its carbon footprint.
The properties gained from the inorganig fller will allow to employ the newly 
produced material not only in the model kit industry, where it will be initially input 
back in order to create a circular system. This new material, which will be defned as 
“Limex” (with the quotation marks, since it does not have the same composition as 
the original Limex discussed previously), will be implemented in the long term also 
in the paper industry and, on a much smaller scale, also in the general plastic 
industry. This will allow for a reduction of raw material and water usage, though the 
foreseen effects will be initially very weak, considering that the paper industry 
analysed spans the whole German territory.
This application of the new material is not completely new for the Limex 
manufacturer TBM Co. Ltd., since the material is already in use as both paper and 
plastic alternative. The main difference between the Limex and the “Limex” of this 
system is the thermoplastic material and the objective to produce it using 
exclusively waste Polystyrene, while opening the model kit industry and avoiding 
maintaining the closeness of the system as seen in the second chapterr

In order to better analyse and discuss the system, the actors will be defned and the 
benefts that they could gain from the system itself. These benefts can be divided 
between four main categoriesÐ economic benefts, environmental benefts, 
technological benefts and socio-cultural benefts.
Economic benefts defne any positive effect regarding the purchase and sale of 
goods, as well as any other beneft that an actor can gain from participating, 
including incentives and reductions of production costs.
Environmental benefts describe positive effects on the environment caused by the 
participation in the system, like the reduction of plastic waste sent in landflls and 
production waste.
Technological benefts will focus on the technology needed to participate in the 
system and if and how it will impact the production processes of the industries in it.
Finally, socio-cultural benefts will describe how actors may be innuenced during 
the participation in the system itself, and how the actors may innuence each other.
The system will be analysed by dividing it in three time periods (short, medium and 
long period) and in three territory levels (micro, meso and macro level).
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In order to better understand how the new system affects the previous one, it is 

necessary to defne the actors present and how they interact with each otherr

The frst actor(s) are the model kit companies present on the territory and the ones 

that sell their products using retailers and e-commerce solutions in Germany. 

These companies play a very important role in the system, just like in the original 

one. Being the providers of the material that will be recovered from the consumers, 

these actors affect the system from the start. Initially, though, the only other effect 

that they will have is going to be mostly marketing related. The system is not 

focused on a singular company, but the runners recovered from the users will come 

from the products of any model kit company that sells in Germany and that uses 

Polystyrene as production material. This makes it much more diffcult to develop a 

direct collaboration system between the recovery of runners and the companies, 

which will innuence how the model builders participating in the system will receive 

the incentivesr

Another actor will be a Polystyrene recycling company. This company will be the 

second fundamental element that allows for the launch of the user waste recovery 

system, from which the runners will be gathered from the fnal users. This company 

will have the objective of both recovering the material and developing it in the 

“Limex” described previously. From the production of the new material the 

company will be able to grow and scale up the system itself, up until starting to 

gather Polystyrene waste from the German landflls. This company will also have 

the duty of granting the incentives to the model builders participatingr

The third actor in the system is the user waste recovery system itself. This system, 

which will be defned more in depth later in this chapter, will be divided between 

allowing the model builders to leave the runners in apposite reverse vending 

machines near model kit stores, similarly to the Pfand System, or to send them via 

mail. This way it will be much easier for the participants to organiàe their 

participation, without additional effort and without requiring the development of a 

house-to-house recovery network. As it will be defned later, the incentives gained 

by participating will grant discounts to the model builders based on the weight of 

the plastic sent. There will be limitations on the minimum allowed as well as the 

maximum amount allowedr

The fourth actor(s) are the retail and online (e-commerce) stores that sell the model 

kits to the model builders. These actors are very important to the system because 

play a role in both the commercial and material nows. T
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Stores, both physical and online, will receive incentives to participate in the waste 

recovery system. In both cases, the stores may not see a direct economic gain by 

participating, especially when considering that the results from the survey showed 

model builders not keen in purchasing model kits particularly often (around once a 

month). That said, as it will be explored in the next chapter, with time the 

participation of model builders in the waste recovery system will help the growth of 

sales for the stores participatingr

Another actor(s) added to the system are Calcium Carbonate manufacturers. These 

actors are necessary for the purchase of the inorganic fller used to produce 

“Limex”. The manufacturers do not participate directly in the system itself and only 

interact with the Polystyrene recycling company. This is caused by the fact that the 

introduction of Calcium Carbonate in the system only affects other actors if 

implemented as part of the new materialr

The next actor(s) are the German landflls. These sites will see initial effects of the 

system from the short period (0-S years), but will start participating more actively in 

the system from the medium period (S-( years). The reason for this is the necessity 

to allow for the system to stabilise itself using the user waste recovery system, as 

well as allowing the Polystyrene recycling company to become more economically 

stable. This will allow the company to purchase Polystyrene waste from the landflls, 

reducing gradually the quantity present. This is the long term objective of the 

systemÐ reducing the amount of Polystyrene left in landfllsr

The fnal actors in the system are the plastic industry and the paper industry. Both 

will enter the system in the long period and will not have an immediate active role 

in it. In both cases, their function is to open the system, by using “Limex” produced 

form waste Polystyrene, recovered from both the user waste recovery system and 

from landflls.

This is also one of the reasons why the system will need to be scaled up by 

recovering Polystyrene from landfllsÐ as seen previously in this chapter, these 

industries see a product volume amounting to millions of #, which would make the 

amounts of “Limex” produced using recovered runners too small to affect the 

production signifcantly. In particular, the plastic industry saw an estimated yearly 

production of plastic of hundreds millions of tons of material. That said, an estimate 

of (.1" of the total plastic production is covered by Polystyrene ! 5�, reducing the 

necessary amount of “Limex” that needs to be produces in order to affect the 

Polystyrene industry.
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The three time periods will be particularly helpful in defning how the effects of the 
new system will affect the actors, as well as the intensity of said effects. By using a 
time period of 10 years, it is possible to set a bigger and more effective objective 
that maintains plausibility, especially when considering that the system will try to 
open up the model kit industry to other industries in the countryr

Similarly, the three micro, meso and macro level will help distribute the actors on 
the territory. The micro and meso scale will cover territories included in the four 
Länder described previously, while the macro scale will touch the entire German 
nation.
On a micro scale, the main actors will be the ones present in the original system, 
with the addition of the waste recovery system and the Polystyrene recycling 
company. The reason for this is the fact that these actors will be the starting ones 
for the whole system.
The actors on a meso scale will be the ones that start innuencing the system by 
interacting with the Polystyrene recycling companyÐ Calcium Carbonate 
manufacturers and landflls. �egarding the landflls, while still mainly on a meso 
scale, with time will be also included on a macro scale, with the system reaching 
outside the four Länder.
For the macro scale, the main actors will be the industries towards which the 
system will open up. The reason for this is the fact that the system would not be 
immediately able to open up during the short and medium period, as it will be 
defned in the next chapter. Thus, the innuence of outside industries will be 
corresponding on the opening towards a macro scale in the long periodr

The system can be also divided in three main “nows”, which describe the relations 
between actorsr

The material now focuses on the movement of Polystyrene and other materials in 
the system, defning when it becomes an output (waste) or an input (raw material). 
This is crucial in order to understand the impact that the system will have on each 
actor, especially on the environmental side of thingsr

The commercial now is intertwined with the material now. It shows the economic 
movements in the system, covering both purchases of goods, materials and 
incentives in the system. Since various material movements correspond to 
economic exchanges, the scheme on the next page will depict them as part of the 
material now, since, in that case, the material movement has a higher priority than 
the economic oner

The information now depicts both which information is shared and how. As it will 
be explained further later in this chapter, the information now innuences the 
participation in the waste recovery initiative and promotes it, using both scientifc 
channels and other news sharing services, such as social media and newsletters.
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The material fow of the new system manages to show how it is intertwined with 
the commercial fow. As it is possible to notice, the central actor of this fow is the 
user waste recovery system. It functions as a connection between the actual 
recycling company and the model builders that participate. By allowing the 
builders to deposit or send their empty runners, it functions as a way to transform 
their outputs in the Polystyrene recycling company inputs. ¶urthermore, the empty 
runners may be considered indirect outputs of the model kit companies 
themselvesÂ being a key factor of the model kit production process, the runners end 
up as waste and their function ends once the model kit is in the hands of the 
builders³

Once the runners become input in the recycling company, they pass through 
various operations that have the objective of transforming them back into styrene 
monomer and, subsequently, back into Polystyrene. Then, the thermoplastic is 
combined with Calcium Carbonate, purchased from its manufacturers, to become 
“Limex”.
This new material will be, in the short period, input almost exclusively back in the 
model kit industry, being sold to the German companies willing to participate and 
purchase it. This will help to transform the previous, linear system in a more circular 
one. That said, the system is still very close in itself and the amounts of runners 
recovered from the users would not be able to sustain the recycling company³

This is why, in the medium period, the company will start opening the system more 
by purchasing waste Polystyrene from landflls. This will increase the production 
volume of “Limex”, allowing its sale to a larger audience. In this period, though, the 
system will have to remain closed to the model kit industry, since it would still in 
the midst of stabilising itself. The main objective would be to create a solid network 
focused on recovering Polystyrene from multiple sources, while also maintaining a 
constant production of “Limex”³

In the long period, fnally the system will open up to the paper industry and, on a 
smaller scale, to the Polystyrene industry. While the plastic industry is very strong 
in Germany, especially when compared to the paper one, the Polystyrene demand 
is only equal to r.1% of the total plastic demand. Considering the issues of this 
material explored previously, the introduction of an eco[friendly alternative to this 
industry should help develop other alternatives. This would have a very positive 
impact on the industry, especially considering that the negative connotations of 
Polystyrene would help push a material that can satisfy the same requirements, 
but using between rP to 9P% less thermoplastic resin³

The stronger impact that “Limex” will have once the system completely opens up 
will be on the paper industry. As seen previously in this chapter, the paper industry 
is not particularly strong in Germany, with a greater import than export of products. 
The introduction of an alternative which manages to reduce the amount of water 
needed for 1 ton by around 97% and does not require wooden fbres to produce 
would help to improve the amount of paper produced in Germany. In addition to 
the reduction of waster usage and the total lack of need for fbres, the material will 
be produced starting from plastic waste, of which Germany has a large amount 
deposited in landflls each year. 
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As stated previously, the commercial fow in the new system is partly connected 
with the material fow. This is caused by the material exchanges that happen in the 
system. Outside of said exchanges, already explored in the material fow, the 
commercial fow affects mainly the model builders and their connection with both 
the model kit companies and the Polystyrene recycling company³

The main connection between model kit companies and fnal users is the B�C 
system globally used in order to sell products to clients. In the case of model kits, as 
seen previously, the B�C system consists of retailers and e[commerce. In both 
cases, the model builders are free to purchase the model kits that they prefer, 
based on the availability in stock. This relationship between customers and sellers 
does not need to change in any way in order to make the overall system work. On 
the contrary, changing it may be harmful to the system.
The proof for this can be easily seen in the Pfand äystemÂ by not infuencing the 
“Commodity Cycle”, in which the consumers purchase beverages, the consumers 
do not feel any additional burden or additional responsibility towards the 
purchased product, and are free to organise themselves on when participating in 
the Pfand äystem. A similar philosophy must be applied in this new systemÂ the 
model builders should not feel obliged in participating every time they visit a store, 
but should be encouraged without pressure. This will avoid negative feelings 
towards the recovery initiative and, combined with incentives, will instead make 
the model builders more willing to participate³

When it comes to the incentives, which will be described mode in depth, together 
with the recovery system, in the next page, these will need to be easy to 
understand and easy to acces by the model builders, as well as easy to implement 
in the system. By using discounts, the beneft for the builders will be obvious, while 
a simple system to calculate them will be easy to develop. The main issue with 
discounts will be related to the sellersÂ discounts will affect their revenue, thus it will 
be necessary to implement incentives for the sellers in order to cushion this effect.
Renting space near the stores could be a valid option, as well as the added 
marketing, since each reverse vending machine will be kept track of in order to 
direct the interested participants. �aving a machine near a store should improve, 
with time, the overall sales.
Online stores may be harder to convince, since they would not perceive any direct 
beneft by participating. Because of this, a direct marketing on their part would be 
the most effective solution, as well as added indirect marketing when model 
builders participate in the system by sending runners via mail, as it will be 
described in the functioning of the recovery system.
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The material fow of the new system manages to show how it is intertwined with 
the commercial fow. As it is possible to notice, the central actor of this fow is the 
user waste recovery system. It functions as a connection between the actual 
recycling company and the model builders that participate. By allowing the 
builders to deposit or send their empty runners, it functions as a way to transform 
their outputs in the Polystyrene recycling company inputs. ¶urthermore, the empty 
runners may be considered indirect outputs of the model kit companies 
themselvesÂ being a key factor of the model kit production process, the runners end 
up as waste and their function ends once the model kit is in the hands of the 
builders³

Once the runners become input in the recycling company, they pass through 
various operations that have the objective of transforming them back into styrene 
monomer and, subsequently, back into Polystyrene. Then, the thermoplastic is 
combined with Calcium Carbonate, purchased from its manufacturers, to become 
“Limex”.
This new material will be, in the short period, input almost exclusively back in the 
model kit industry, being sold to the German companies willing to participate and 
purchase it. This will help to transform the previous, linear system in a more circular 
one. That said, the system is still very close in itself and the amounts of runners 
recovered from the users would not be able to sustain the recycling company³

This is why, in the medium period, the company will start opening the system more 
by purchasing waste Polystyrene from landflls. This will increase the production 
volume of “Limex”, allowing its sale to a larger audience. In this period, though, the 
system will have to remain closed to the model kit industry, since it would still in 
the midst of stabilising itself. The main objective would be to create a solid network 
focused on recovering Polystyrene from multiple sources, while also maintaining a 
constant production of “Limex”³

In the long period, fnally the system will open up to the paper industry and, on a 
smaller scale, to the Polystyrene industry. While the plastic industry is very strong 
in Germany, especially when compared to the paper one, the Polystyrene demand 
is only equal to r.1% of the total plastic demand. Considering the issues of this 
material explored previously, the introduction of an eco[friendly alternative to this 
industry should help develop other alternatives. This would have a very positive 
impact on the industry, especially considering that the negative connotations of 
Polystyrene would help push a material that can satisfy the same requirements, 
but using between rP to 9P% less thermoplastic resin³

The stronger impact that “Limex” will have once the system completely opens up 
will be on the paper industry. As seen previously in this chapter, the paper industry 
is not particularly strong in Germany, with a greater import than export of products. 
The introduction of an alternative which manages to reduce the amount of water 
needed for 1 ton by around 97% and does not require wooden fbres to produce 
would help to improve the amount of paper produced in Germany. In addition to 
the reduction of waster usage and the total lack of need for fbres, the material will 
be produced starting from plastic waste, of which Germany has a large amount 
deposited in landflls each year. 

T
h

e
 c

o
m

m
e

rc
ia

l 
f

o
o

As stated previously, the commercial fow in the new system is partly connected 
with the material fow. This is caused by the material exchanges that happen in the 
system. Outside of said exchanges, already explored in the material fow, the 
commercial fow affects mainly the model builders and their connection with both 
the model kit companies and the Polystyrene recycling company³

The main connection between model kit companies and fnal users is the B�C 
system globally used in order to sell products to clients. In the case of model kits, as 
seen previously, the B�C system consists of retailers and e[commerce. In both 
cases, the model builders are free to purchase the model kits that they prefer, 
based on the availability in stock. This relationship between customers and sellers 
does not need to change in any way in order to make the overall system work. On 
the contrary, changing it may be harmful to the system.
The proof for this can be easily seen in the Pfand äystemÂ by not infuencing the 
“Commodity Cycle”, in which the consumers purchase beverages, the consumers 
do not feel any additional burden or additional responsibility towards the 
purchased product, and are free to organise themselves on when participating in 
the Pfand äystem. A similar philosophy must be applied in this new systemÂ the 
model builders should not feel obliged in participating every time they visit a store, 
but should be encouraged without pressure. This will avoid negative feelings 
towards the recovery initiative and, combined with incentives, will instead make 
the model builders more willing to participate³

When it comes to the incentives, which will be described mode in depth, together 
with the recovery system, in the next page, these will need to be easy to 
understand and easy to acces by the model builders, as well as easy to implement 
in the system. By using discounts, the beneft for the builders will be obvious, while 
a simple system to calculate them will be easy to develop. The main issue with 
discounts will be related to the sellersÂ discounts will affect their revenue, thus it will 
be necessary to implement incentives for the sellers in order to cushion this effect.
Renting space near the stores could be a valid option, as well as the added 
marketing, since each reverse vending machine will be kept track of in order to 
direct the interested participants. �aving a machine near a store should improve, 
with time, the overall sales.
Online stores may be harder to convince, since they would not perceive any direct 
beneft by participating. Because of this, a direct marketing on their part would be 
the most effective solution, as well as added indirect marketing when model 
builders participate in the system by sending runners via mail, as it will be 
described in the functioning of the recovery system.
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The information fow follows the information feed towards the public related to 
technical data on the system, general information regarding the installations, and 
broad discussions related to the functioning of the systema
The information fow will generate from the model kit companies and the 
Polystyrene recycling company, as well as the user waste recovery system itself.

The system will mainly use installations and general marketing to make the reverse 
vending machines recognisable, which will also present graphics and designs in 
order to easily differentiate from the ones used in the Pfand System. In addition to 
that, the marketing of the initiative will be both online and offine, using banners 
on e-commerce model kit websites, as well as posters and leafets available in the 
retailers. The actual sharing of technical information, as well as the location of the 
machines, will be done by model kit companies and the Polystyrene recycling 
company.

Digital communication will help in sharing information regarding the installation 
location of the reverse vending machines, using maps that will pinpoint both the 
machines and the stores near which they are installed. This type of information if 
often seen used by model kit companies to indicate customers the location of 
either frst party stores or affliated retailers. Using a similar method, to which 
model builders are accustomed to, should help increase the amount of plastic 
recovered.

Using scientifc  ournals and newspapers would allow a more “offcial” diffusion of 
the technical aspects, information and data of the system. This type of media, 
renown for spreading well documented information, will allow for a more serious 
and in-depth conversation regarding the benefts of the system for participants 
and companies, as well as the positive environmental effects that the system will 
develop. Using these platforms will spread more easily information to other 
industries, especially since it will be backed up by offcial dataa
Both this type of information sharing and the display of the machines on a map will 
be mainly handled by the Polystyrene recycling company, since it will be the actor 
in the system mainly focused on receiving the material.

The fnal method of communication, the use of newsletters, blogs and social media 
will be mainly used by the model kit companies. This is a common method used by 
model kit companies to share news regarding events, new products and other 
similar situations, so it would be particularly effective employing this method to 
make known to more model builders the user waste recovery systema
With this type of sharing, model kit companies would inform the newsletters 
subscribers about the general functioning of the system. This means that the 
model builders would end up being constantly notifed about new goals of the 
system, as well as the achievement of said goals. Pther information shared would 
cover how the material is used, details regarding the recovery step after the reverse 
vending machines reach their threshold and other aspects that could be shared 
without risking data breaches.
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Some companies, like Games Workshop, also employ community sites, used to 
share information about new model kits and initiatives using blogs instead of 
newsletters. This method allows for a larger amount of people to come to know this 
type of news, but the trade-off is that they do not receive a direct notifcation, while 
it is usually the case with newsletters. Another similar method would be sharing 
information using clubs, like the Airfx club.

Another aspect of the information fow, which comes into play in the long period 
and helps connect the previous system with new industries, is the effect that the 
fnal users can have on the plastic industry. This effect is expected to appear later in 
time and it probably will not have a strong impact on the industry as a whole, but it 
could infuence the Polystyrene industry.ä
The hoped result of introducing part of the “Limex” production back in the model 
kit company is positive feedback from the model builders. This could infuence part 
of the modern German plastic industry in searching more eco-friendly alternatives 
to plastic produced exclusively using thermoplastic resins originated from oils. 
Hopefully, the industry may open up to investing in materials that manage to 
maintain mechanical and physical properties of plastic, while reducing the amount 
of oils useda
In addition to that, considering that “Limex” will be produced using exclusively 
waste Polystyrene, the plastic industry may start investing more heavily in 
recovering waste material from landflls and in fnding new ways to repurpose it 
and inputting it back in the production process.
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order to easily differentiate from the ones used in the Pfand System. In addition to 
that, the marketing of the initiative will be both online and offine, using banners 
on e-commerce model kit websites, as well as posters and leafets available in the 
retailers. The actual sharing of technical information, as well as the location of the 
machines, will be done by model kit companies and the Polystyrene recycling 
company.

Digital communication will help in sharing information regarding the installation 
location of the reverse vending machines, using maps that will pinpoint both the 
machines and the stores near which they are installed. This type of information if 
often seen used by model kit companies to indicate customers the location of 
either frst party stores or affliated retailers. Using a similar method, to which 
model builders are accustomed to, should help increase the amount of plastic 
recovered.

Using scientifc  ournals and newspapers would allow a more “offcial” diffusion of 
the technical aspects, information and data of the system. This type of media, 
renown for spreading well documented information, will allow for a more serious 
and in-depth conversation regarding the benefts of the system for participants 
and companies, as well as the positive environmental effects that the system will 
develop. Using these platforms will spread more easily information to other 
industries, especially since it will be backed up by offcial dataa
Both this type of information sharing and the display of the machines on a map will 
be mainly handled by the Polystyrene recycling company, since it will be the actor 
in the system mainly focused on receiving the material.

The fnal method of communication, the use of newsletters, blogs and social media 
will be mainly used by the model kit companies. This is a common method used by 
model kit companies to share news regarding events, new products and other 
similar situations, so it would be particularly effective employing this method to 
make known to more model builders the user waste recovery systema
With this type of sharing, model kit companies would inform the newsletters 
subscribers about the general functioning of the system. This means that the 
model builders would end up being constantly notifed about new goals of the 
system, as well as the achievement of said goals. Pther information shared would 
cover how the material is used, details regarding the recovery step after the reverse 
vending machines reach their threshold and other aspects that could be shared 
without risking data breaches.
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Some companies, like Games Workshop, also employ community sites, used to 
share information about new model kits and initiatives using blogs instead of 
newsletters. This method allows for a larger amount of people to come to know this 
type of news, but the trade-off is that they do not receive a direct notifcation, while 
it is usually the case with newsletters. Another similar method would be sharing 
information using clubs, like the Airfx club.

Another aspect of the information fow, which comes into play in the long period 
and helps connect the previous system with new industries, is the effect that the 
fnal users can have on the plastic industry. This effect is expected to appear later in 
time and it probably will not have a strong impact on the industry as a whole, but it 
could infuence the Polystyrene industry.ä
The hoped result of introducing part of the “Limex” production back in the model 
kit company is positive feedback from the model builders. This could infuence part 
of the modern German plastic industry in searching more eco-friendly alternatives 
to plastic produced exclusively using thermoplastic resins originated from oils. 
Hopefully, the industry may open up to investing in materials that manage to 
maintain mechanical and physical properties of plastic, while reducing the amount 
of oils useda
In addition to that, considering that “Limex” will be produced using exclusively 
waste Polystyrene, the plastic industry may start investing more heavily in 
recovering waste material from landflls and in fnding new ways to repurpose it 
and inputting it back in the production process.
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 he results expected from the adoption of the new system are based on the data 
recovered from the Bundesamt database, as well as the information gathered 
regarding âolystyrene.  hese data, though, concern the âolystyrene waste found in 
land lls, lac ing a clear image of the amount of plastic consumed by model  it 
builders, as well as the actual amount of plastic left as runners once all the 
components of the  its have been detached from it.
 his typer of information is particularly hard to gather even for model  it 
companies, which often give an estimate regarding the total production. As stated 
in the  rst chapter, for example, Bandai estimated that around  4000 tons of the 
74000 tons total of model  its are wasted in runners, around  8.6%. Other 
companies may report a different percentageÏ

In order to estimate a possible amount of runners recoverable during the time 
period chosen, it was necessary to  nd data related to the raw materials used by 
model  it companies and determine how much of that material was sold on the 
German territory.
 he company ta es as example was Games Wor shop. ¹uring the analysis of model 
 it stores found in the 15 most important cities of the country, Warhammer stores 
appeared quite often, with the major cities (e.g. Berlin, Essen,  ran furt, Munich,...) 
presenting often more than one.  his demonstrated the interest of the German 
population towards Games Wor shop products, ma ing their data particularly 
useful. Another reason for choosing Games Wor shop data was related to their 
analysis of revenueµ they presented the data by dividing the world in regions, one of 
which is called “Continental Europe”. In addition to that, for some elements, to this 
region is also added the United ªingdom territory, which is usually considered 
separate, since it is the motherland of the company, and they may have particular 
interest in analysing the revenue from it with more attention.
 inally, in order to estimate a possible amount of runner material present in 
Germany, the data related to the country of origin of the participants of the survey 
was used.
In the Integrated Éeport of  0   released by Games Wor shop, it was possible to 
gather that the amount of raw material used to produce model  its during that 
year was equal to 4.3 million £, which amounts to 5.4 million US$. Comparing this 
result with the price of âolystyrene pellets, which reached 146  US$ per metric ton 
in  0   [96], the total quantity of raw material purchased was around 3693 tons.
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 he revenue coming from the territories of the United ªingdom and Continental 
Europe amounted to 46.3% of the total, while the amount of German participants of 
the survey amounted to 7.7% of the model builders answering from a country in 
these territories.
By using these percentages to estimate the amount of plastic potentially sold in 
Germany, the  nal result amounts to 141.3 tons of plastic sold in  0  , equal to 
 064580.6 US$.
 his result, though, comprises the whole amount of material used in the 
production of model  its, and is not equal to the actual amount of the material 
needed exclusively for the runners.
In order to estimate a possible percentage, various products of Games Wor shop 
were analysed. In particular, three types of model  its were very effective in helping 
de ne a possible average amount.  irst of all, the runners of the model  its are all 
standardi�ed. As it is possible to notice from the Images 8 , 83 and 84, which depict 
three different products, single character boxes contain smaller runners, while 
boxes that sell multiple miniatures, li e troops, present runners twice as big as the 
character ones. Bigger model  its, especially vehicles and centrepieces, have bigger 
runners, again twice the si�e of troop runners.  his allows the company to reduce 
mould planning and manufacturing costs. Another element of the runners that 
remains unchanged between  its is the thic ness of the runnersµ at the largest 
point they measure 0.4 cm and 0.  cm in height.  his standardi�ation allows for a 
more precise estimate of the amount of material.  he main difference between 
products is the density with which the runners are pac ed with components, which 
is easily noticeable when comparing the three examples.
 rom these considerations, an estimate of 45% in weight can be used to calculate 
the actual amount of runner plastic sold in Germany.  his percentage also ta es in 
consideration the fact that, while the runners maintain constant si�e and thic ness, 
the components of the  its do not, with larger but thinner elements (e.g. armour 
panels for vehicles) and smaller but thic er ones (e.g. troop weapons, often 
produced in a single piece).
 he result indicates a possible amount of plastic in runners recoverable each year of 
up to 63.6 tons, 45% of the amount sold in GermanyÏ

On a  nal note regarding the amounts of material estimated, these results allow for 
the calculation of both the amount of Calcium Carbonate needed to completely 
transform the âolystyrene in “Limex”, and to calculate the price per metric ton of 
the new material. Considering that the ratio of thermoplastic resin can span 
between 10 and 40%, and that the amount of inorganic  ller covers 60-90% of a 
metric ton of material, the necessary quantity of Calcium Carbonate will be 
between 95.4 and 57 .4 metric tons. Considering that the price per metric ton of 
Calcium Carbonate reached 445 US$ per metric ton in  0   [97], the cost of the 
 ller necessary will be between 4 4453 and  544718 US$.  he  nal amount of “Limex” 
that can be manufactured from the estimated amount of runners will be between 
159 and 636 metric tons. A singular ton of “Limex” could be priced, based exclusively 
on the materials, between 851.8 US$ (60-40% ratio) and 546.7 US$ (90-10% ratio).

Image 82. Single character - Captain Messinius 
(2023), runner and model
Image 83. �roop sºuad - `ea¿� Intercessor Sºuad 
(202Å), runner and modelj
Image 8¸. ±�ord oÃ Ùar® (large centerpiece model) - 
Knight Valiant, runner and model
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was used.
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gather that the amount of raw material used to produce model  its during that 
year was equal to 4.3 million £, which amounts to 5.4 million US$. Comparing this 
result with the price of âolystyrene pellets, which reached 146  US$ per metric ton 
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these territories.
By using these percentages to estimate the amount of plastic potentially sold in 
Germany, the  nal result amounts to 141.3 tons of plastic sold in  0  , equal to 
 064580.6 US$.
 his result, though, comprises the whole amount of material used in the 
production of model  its, and is not equal to the actual amount of the material 
needed exclusively for the runners.
In order to estimate a possible percentage, various products of Games Wor shop 
were analysed. In particular, three types of model  its were very effective in helping 
de ne a possible average amount.  irst of all, the runners of the model  its are all 
standardi�ed. As it is possible to notice from the Images 8 , 83 and 84, which depict 
three different products, single character boxes contain smaller runners, while 
boxes that sell multiple miniatures, li e troops, present runners twice as big as the 
character ones. Bigger model  its, especially vehicles and centrepieces, have bigger 
runners, again twice the si�e of troop runners.  his allows the company to reduce 
mould planning and manufacturing costs. Another element of the runners that 
remains unchanged between  its is the thic ness of the runnersµ at the largest 
point they measure 0.4 cm and 0.  cm in height.  his standardi�ation allows for a 
more precise estimate of the amount of material.  he main difference between 
products is the density with which the runners are pac ed with components, which 
is easily noticeable when comparing the three examples.
 rom these considerations, an estimate of 45% in weight can be used to calculate 
the actual amount of runner plastic sold in Germany.  his percentage also ta es in 
consideration the fact that, while the runners maintain constant si�e and thic ness, 
the components of the  its do not, with larger but thinner elements (e.g. armour 
panels for vehicles) and smaller but thic er ones (e.g. troop weapons, often 
produced in a single piece).
 he result indicates a possible amount of plastic in runners recoverable each year of 
up to 63.6 tons, 45% of the amount sold in GermanyÏ

On a  nal note regarding the amounts of material estimated, these results allow for 
the calculation of both the amount of Calcium Carbonate needed to completely 
transform the âolystyrene in “Limex”, and to calculate the price per metric ton of 
the new material. Considering that the ratio of thermoplastic resin can span 
between 10 and 40%, and that the amount of inorganic  ller covers 60-90% of a 
metric ton of material, the necessary quantity of Calcium Carbonate will be 
between 95.4 and 57 .4 metric tons. Considering that the price per metric ton of 
Calcium Carbonate reached 445 US$ per metric ton in  0   [97], the cost of the 
 ller necessary will be between 4 4453 and  544718 US$.  he  nal amount of “Limex” 
that can be manufactured from the estimated amount of runners will be between 
159 and 636 metric tons. A singular ton of “Limex” could be priced, based exclusively 
on the materials, between 851.8 US$ (60-40% ratio) and 546.7 US$ (90-10% ratio).

Image 82. Single character - Captain Messinius 
(2023), runner and model
Image 83. �roop sºuad - `ea¿� Intercessor Sºuad 
(202Å), runner and modelj
Image 8¸. ±�ord oÃ Ùar® (large centerpiece model) - 
Knight Valiant, runner and model
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Ttdldxpdn dolrdsle slwieelbdlaeaeysdolmvdrl tdl trddl i dlpdrimos.lIeldantlpdrimo,l
 tdlsys d lwieelbdli ped de dololr tdr,laeoli sldoodn slwieeliefldendldantlan mrl
wi tloioodrde lie desi y.

Ttdl i deiedlwieelspaelanrmssl10lydars,la l tdldeolmolwtintl tdlmbjdn ivdlisl mltavdl
 aeagdol mlrdnmvdrl50’000l meslmolPmeys yrdedlbd wddeleaeofeeslaeollsdrlwas dl
rdnmvdrylsys d .lTtdla mle lmol a driaelisleli dltigt,lbl li lisli pmr ae l ml
rd d bdrl ta l tdlmbjdn ivdlisl mlsnaedllpl tdlsys d lmel tdlwtmedl(dr ael
 drri mry,laeolem lei i iegli l ml tdl15l ajmrlni idslmol tdlnmle rylmrl tdl4lLKeodrl
iode ifdoliel tdlprdvimlslntap dr.lIelaooi imel ml ta ,l tisla mle lisl tdlnl lea ivdl
mbjdn ivdl mlbdlrdantdololriegl tdlwtmedl10lydarslaeolem l mlbdlrdantdolielal
sieglearlydar.
Tmlpl li lie mlpdrspdn ivd,l tdlLi dxlprmoln imelnm paey,lTMBlCm.lL o.,ltasl
rdnde eylealentdolalrdnyneieglpeae liel mkmslkalCi y,lwi tlalydareyliepl lmol40’000l
 meslmolpeas in[46].lCmesiodriegl ta ,lal m aela mle lmolPmeys yrdedlrdnmvdrdoliel10l
ydarslmol50’000l meslomdslsdd lodasibed,l tmlgtli lwieelrdelirdldofnide lpeaeeieg.lIel
aooi imel ml ta ,lTBMlai sl mlnirnlea dl1l ieeimel meslmolLi dxliel50lnmle ridslbyl
0030l[98].lAnnmroiegl ml tdlra imslodfedolbyl tdlnm paeyli sdeoliel tdlpa de lomrl
 tdl a driae,l tdla mle lmol tdr mpeas inlrdsieleddodol ml aeloan lrdlalsi iearl
a mle lwieelbdlbd wddel100’000laeol400’000l d rinl mes.lTtislmbjdn ivdlnmleolem l
bdldasieylrdantdoliel10lydarslomnlsiegldxnelsivdeylmelalsieglearlnmle ry,l tmlgtlwi tl
 i dli lnmleolbdlpmssibed,ldspdniaeeylnmesiodriegl tdlie drds l ta l(dr aeyl
od mes ra dol mwaroslrdolnieglpeas inlwas dlieleaeofees.
Rdgaroiegl tdleaeofees,laelds i a dlmol tdla mle lmolPmeys yrdedlwas dlnmleolbdl
slr isdolnm pariegl tdl m aelelae i ylmolpeas inlodpmsi doliel td ldantlydarlwi tl
 tdlod aeolomrlPmeys yrdedlodsnribdoliel tdlprdvimlslntap dr,l6.1%.lTtislrdsle slielal
pmssibedla mle lmolPmeys yrdedlwas dledo lieleaeofeesliel0001ldelael mlarmleol31.1l
 tmlsaeol mes.lTtisla mle lstmwsl ta l tdlelae i ylmol a driaeldi tdrls ieelprdsde l
mrlpm de iaeeylol pdolieleaeofeeslwmleolbdlvdryl lntldemlgtl mltdepl tdlsys d l
rdantl tdl50’000l meslrdnmvdrdolgmaeliel10lydars.

Oelalfeaelem d,lnmesiodriegl ta l tdlrdnmvdrdolpeas inlwas dlwieelbdl raesomr doliel
“Li dx”,ldvdelwi tl tdlra imslmol60-40%laeol90-10%lieloavmlrlmol tdliemrgaeinlfeedr,lal
eargdla mle lmolrawl a driaelisledndssaryl mlprmolndldemlgtl“Li dx”l ml akdli lal
vaeiolmp imel mli pan l tdlm tdrlieols rids.l
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Iel tdlstmr lpdrimo,l tdldoodn slmol tdlsys d lwieelbdl aieeylode liel tdl inrmlsnaed.

Dlriegl tdlfrs lydarlmol tislpdrimo,l tdlrdnmvdrylsys d lwieelbdlealentdolwi tl tdl

doomr lmolbm tl modelki lnm paeidslaeol tdlPmeys yrdedlrdnyneieglnm paey.lDlriegl

 tislydar,l tdlrdvdrsdlvdeoiegl antiedslwieelbdlodvdempdolaeol tdlrd aiedrslaeold-

nm  drndlsi dslwieelbdlnme an dolielmrodrl mlmoodrl td l mlpar inipa dliel tdl

rdnmvdrylsys d .lAesm,l tdl arkd ieglaeoloioolsimelmolieomr a imelmel tdlrdnmvdryl

sys d lwieels ar ,l akieglsml ta lpm de iaelpar inipae sl ayledarelabml li laeol

bdnm dlie drds dolieli lbylrdsdarntieglabml li .

Ttdldoodn slielpar inipa iegliel tdliei ia ivdlwieelem lbdlode lbdomrdl tdlsdnmeolydarlmol

 tislpdrimo,lolrieglwtintl tdl modelblieodrslwieels ar lpar inipa ieg.lIelaooi imel ml

 ta ,l tdlPmeys yrdedlrdnyneieglnm paeylwieelaesmls ar lplrntasieglCaenil l

Carbmea dlorm li sl aeloan lrdrs.lTtdla mle lmolrleedrslrdnmvdrdoliel tdlsdnmeol

ydarlwieelprmbabeylbdlarmleol30%lmol tdlds i a dola mle lodsnribdolprdvimlsey,l

dspdniaeeylnmesiodriegl ta l tdl ajmri ylmolpar inipae sliel tdlslrvdyls a dol ta l

 tdylwmleolpar inipa dl aieeylwtdelplrntasiegl modelki slaeol tdl ajmri yls a dol

 ta l tdylplrntasdl td larmleolmendlal me t.lDlriegl tislydar,l tdldoodn slmol tdl

sys d lwieels ar lbdieglode laesmliel tdl dsmledvde,l taeksl ml tdlplrntasdlmolCaenil l

Carbmea d.lIel tislnasd,l tdl aeloan lrdrslmol tisl a driaelwieelgaielaledwlsaedsl

ntaeede,l ta lwi tl i dlwieelgrmwlielvaeldlaeolrdvdeld.

Iel tdl tirolaeolfeaelydarlmol tdlstmr lpdrimo,l tdldoodn slmel tdl inrmledvdelwieelsddl

 tdlaooi imelmolaelienrdasdlmolsaedslomrlrd aiedrslaeolmeeiedls mrds,laslwdeelaslael

ienrdasdlielpar inipa imelorm l tdl modelblieodrs.lTtdlmbjdn ivdlmol tislstmr lpdrimol

isl mlnmeedn larmleol100l meslmolpeas inlielrleedrs.lDlriegl tisl tirolydar,l tdl model

ki lnm paeidslwieels ar lplrntasiegl“Li dx”laeolie rmolniegli liel tdlprmoln imel

prmndss.lIelmrodrl mlrdolndl tdlnms slorm llsieglaledwl a driae,l tdlnm paeidslwieel

s ar lbylrdedasieglsm dlmol tdirlbds lsdeeieglprmoln sliel ta l a driae,l akiegl tdl

 ms lmol tdirlpmpleari y.lTtislwieelbdlpmssibedl taeksl ml tdloan l ta l tdledwl

 tdr mpeas inlrdsielnm pmsi imelwieelstardl tdlsa dlprmpdr idslaslPmeys yrded,l

aoap iegl ml tdlprmoln imelprmndssdsllsdolbyl tdl modelki l aeloan lrdrs.

Ttdlfeaeldoodn l ta lwieelbdlem indolwieel mlntl tdleaeofeesbl tdlrdnmvdrylmolrleedrsl

wieels ar lrdolniegl tdla mle lmolPmeys yrdedlwas dl ta ldeollpliel tmsdlsi ds.lTtdl

a mle ,l tmlgt,lwieelem lbdlpar inleareylem indabed,lsiendl tdlds i a dolpdrnde agdl

wmleolbdlarmleol0.5-1%.lTtisli pan lwieelprmbabeylrd aielarmleol tisledvdelolriegl

 tdlrd aieodrlmol tdl i dlpdrimo,lgivdel tdleintdlea lrdlmol tdltmbby.
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Dlriegl tdl doil lpdrimol tdldoodn slmol tdlsys d lwieelbdnm dlgraolaeeyl mrdl

ie desd.lIelaooi imel ml ta ,li lwieels ar laoodn iegl tdl dsmledvdel mrd,lielpar inlearl

eaeofees.

Ttdlfrs ldoodn ldxpdn dolislaelienrdasdlmol tdlpar inipa imelbyl modelblieodrs,lwtintl

wmleolaeemwlsd  iegl ml400l mesl tdlgmaelmola mle lmolpeas inlrdnmvdrdoldxnelsivdeyl

orm llsdrslbyl tdlsix tlydar.lTtdlpar inipae slwmleolaesmliefldendl mrdl tdl

rd aiedrslaeolmeeiedls mrds,l taeksl mlaelienrdasdlielplrntasds,lwtintlardlplstdol

omrwarolbyl tdliende ivdslrdndivdolaeolaelienrdasdlielordeldenylomrlwtdel tdl

 modelblieodrslgml mls mrds.lTtdlsys d lwieelaesmliefldendl tdl modelblieodrslmelal

smnim-nle lraelaspdn blem lmeeyl tdylwieelie dran l mrdlwi tl tdls aoolmol tdls mrdsl

aeolm tdrlde tlsias slmol tdltmbby,lbl l tdlpar inipa imeliel tdlwas dlrdnmvdrylwieel

iefldendl td lielpayiegla  de imel mwaroslm tdrlPmeys yrdedlwas dl ta l tdyl ayl

prmolndl�d.g.ld p ylommolnme aiedrs).

Ttislwieelbdlplstdolaesmlbyl tdlnm  leina imelarmleol tdlsys d ,ldspdniaeeylwtdel

 tdlPmeys yrdedlrdnyneieglnm paeylwieels ar lplrntasieglPmeys yrdedlwas dlorm l

eaeofees.lTtislwieels ar la l tdlbdgieeieglmol tisl i dlpdrimo,l taeksl ml tdlsys d l

dnmem inaeeyls abieisiegli sdeololriegl tdlprdvimlslmed.lBylnrda ieglalsmeiolsaedsl

ntaeedelmol“Li dx”l mwarosl modelki lnm paeids,l tdlrdnyneieglnm paeylwieelbdl

abedl mlplrntasdl mrdlrawl a driaesl mlbm tlienrdasdl tdirlprmoln imelvmel dlaeol

 dd l tdlod aeolorm l tdl modelki lieols ry.

Bm tlCaenil lCarbmea dl aeloan lrdrslaeoleaeofeeslwieelpdrndivdlaelienrdasdliel

i pan lmol tdlsys d bl tdlomr drlwieelem indlaelienrdasdlielrdvdeldlnm ieglorm l

 tdlPmeys yrdedlrdnyneieglnm paey,lwtiedl tdlea  drlwieels ar lsddieglalrdoln imelmol

Pmeys yrdedlwas dliel tdlodpmsi s.lTtdlmbjdn ivdlomrl tisl i dlpdrimolisl mlrdnmvdrllpl

 ml10’000l meslmolwas dlPmeys yrdedlorm leaeofees,lwtintla mle sl mlarmleol30%lmol

 tdl m aela mle lodpmsi doldantlydar.

Ttdl modelki lnm paeidslwieelbdlabedl mlealentleiedslmolprmoln sl aodlml lmol

“Li dx”,l akieglaeldoomr l mlbdnm dl mrdldnm-orideoey.lTtislstmleoltdepl td lwi tl

 tdirli agdlaeo,liel tdlemeglrle,lienrdasdl tdirlsaeds,liol tdl modelblieodrsls ar l

apprdnia iegl tdirldoomr s. L
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Ttdl tirolaeoleas lpdrimolwieeltavdl mrdldoodn slmel tdl anrmledvde,lwtiedl tdl
aerdaoylds abeistdolmedslwieel ms eylienrdasdlielie desi y.

Ttdlpar inipa imelmol modelblieodrsliel tdllsdrlwas dlrdnmvdrylsys d lwieeltavdl
ienrdasdoldvdel mrd,l mgd tdrlwi tl tdlienrdasdlielrdvdeldlomrlrd aiedrslaeolmeeiedl
s mrds.
Si iearey,l tdlplrntasdlmolCaenil lCarbmea dlbyl tdlPmeys yrdedlrdnyneieglnm paeyl
wieelienrdasd,laslwdeelasl tdlrdvdeldlorm l tdl aeloan lrdrs.lTtdlrdasmelomrl tislisl
aesml tdlienrdasdlmolPmeys yrdedlwas dlplrntasdlorm leaeofeesblbd wddel tdllsdrl
was dlrdnmvdrylsys d laeol tdleaeofees,l tdlmbjdn ivdl mlrdantliel tdl de tlydarlislal
 m aelmol50’000l meslmolPmeys yrdedlrdnmvdrdo.lTtisla mle lnmleoldela dl ml105’000l
aeol500’000l meslmol“Li dx”lprmolndoliel10lydars.lCmesiodriegl tdlprdvimlsl
mbjdn ivd,l tdla mle lmol“Li dx”lprmolndoliel tdlfeaelpdrimol aylbdlbd wddel
75’000laeol400’000l mes.

Rdantieglsaiola mle lwieelaeemwl tdlPmeys yrdedlrdnyneieglnm paeyl mlmpdellpl tdl
sys d l mlm tdrlieols rids,lpar inleareyl mwarosl tdlpapdrlmed.lTtdl m aellsdlmol tdl
prmolndol“Li dx”liel tdlpapdrlieols rylwmleolrdsle lielalrdoln imelmol tdl m ael
ieols ryllsagdlmolwa drlbd wddel1.3laeol7l ieeimel meslmrl 3,lwtintlislaeli pmr ae l
rdsle lomrlalsiegedlnm paey.lTtislislaelds i a dlbasdolmel tdla mle l ta lwa drl
dofnide lpeae slielElrmpdlaeolNmr tlA drinallsdl mlprmolndl1l melmolpapdr,lwtintlisl
bd wddel10laeol05l meslmrl 3lmolwa drl[99].lTtdlds i a dlwaslnaenlea dlbyl
 le ipeyiegl tdlraegdla mle lmol“Li dx”lprmolndolwi tl tdlavdragdlbd wddel10l
aeol05,lwtintllsldelael ml17.5l mes.
Iol tdlsys d lwdrdl mlbdlsnaedollpl mlienelodl le ipedlPmeys yrdedlrdnyneiegl
nm paeids,lemna dolielvarimlslrdgimeslmol tdl(dr ael drri mry,li lwmleolbdlodasibedl
 mlrdnmvdrl tdl ajmri ylmolPmeys yrdedlwas dledo lieleaeofeesldantlydarl�armleol
30’000l mes).lTtislwmleolbdnm dl“Li dx”,laeo,lbasdolmel tdlra imsleddodolomrli sl
lsagdliel tdlpapdrlieols ry,li lnmleolrdolndli slwa drllsagdlnmesiodrabey.lWtied,la l
 tdl m de ,li lislem lpmssibedl mlds i a dl tdlan laeli pan ,li lisli pmr ae l ml
rd d bdrl ta l tdlprmoln imelmol tdlemr aelLi dxlaslpapdrlslbs i l dlstmwslal
rdoln imelmol97%lmolwa drllsagdlomrlal melmol a driae.lTtdrdomrd,l tdlpapdrlieols ryl
wmleolbdnm dledsslodpdeode lmelwa dr.

Aeldoodn ltmpdolomrlolriegl tisl i dlpdrimolwmleolbdl tdliefldendlmol tdl model
blieodrslmel tdlpeas inlieols ry,lpar inleareyl mwarosl tdlPmeys yrdedllsagd.lPmsi ivdl
oddobankl mwarosl“Li dx”l modelki slnmleoliefldendlnmesl drsl ml rylaeol
plrntasdlpeas inlprmoln sl ta l aylprdsde lae drea ivdsl mlemr aelmie-basdol
 tdr mpeas inlrdsies.lTtislnmleolaesmlaoodn l tdlpeas inlieols rylaslalwtmed,ltmpdoleeyl
kinks ar ieglievds  de slaeolrdsdarntl mwaroslgrddedrlae drea ivds.

Systemic Projec
t
ResultsOutcomes and impacts
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Ttdldxpdn dolrdsle slwieelbdlaeaeysdolmvdrl tdl trddl i dlpdrimos.lIeldantlpdrimo,l
 tdlsys d lwieelbdli ped de dololr tdr,laeoli sldoodn slwieeliefldendldantlan mrl
wi tloioodrde lie desi y.

Ttdl i deiedlwieelspaelanrmssl10lydars,la l tdldeolmolwtintl tdlmbjdn ivdlisl mltavdl
 aeagdol mlrdnmvdrl50’000l meslmolPmeys yrdedlbd wddeleaeofeeslaeollsdrlwas dl
rdnmvdrylsys d .lTtdla mle lmol a driaelisleli dltigt,lbl li lisli pmr ae l ml
rd d bdrl ta l tdlmbjdn ivdlisl mlsnaedllpl tdlsys d lmel tdlwtmedl(dr ael
 drri mry,laeolem lei i iegli l ml tdl15l ajmrlni idslmol tdlnmle rylmrl tdl4lLKeodrl
iode ifdoliel tdlprdvimlslntap dr.lIelaooi imel ml ta ,l tisla mle lisl tdlnl lea ivdl
mbjdn ivdl mlbdlrdantdololriegl tdlwtmedl10lydarslaeolem l mlbdlrdantdolielal
sieglearlydar.
Tmlpl li lie mlpdrspdn ivd,l tdlLi dxlprmoln imelnm paey,lTMBlCm.lL o.,ltasl
rdnde eylealentdolalrdnyneieglpeae liel mkmslkalCi y,lwi tlalydareyliepl lmol40’000l
 meslmolpeas in[46].lCmesiodriegl ta ,lal m aela mle lmolPmeys yrdedlrdnmvdrdoliel10l
ydarslmol50’000l meslomdslsdd lodasibed,l tmlgtli lwieelrdelirdldofnide lpeaeeieg.lIel
aooi imel ml ta ,lTBMlai sl mlnirnlea dl1l ieeimel meslmolLi dxliel50lnmle ridslbyl
0030l[98].lAnnmroiegl ml tdlra imslodfedolbyl tdlnm paeyli sdeoliel tdlpa de lomrl
 tdl a driae,l tdla mle lmol tdr mpeas inlrdsieleddodol ml aeloan lrdlalsi iearl
a mle lwieelbdlbd wddel100’000laeol400’000l d rinl mes.lTtislmbjdn ivdlnmleolem l
bdldasieylrdantdoliel10lydarslomnlsiegldxnelsivdeylmelalsieglearlnmle ry,l tmlgtlwi tl
 i dli lnmleolbdlpmssibed,ldspdniaeeylnmesiodriegl tdlie drds l ta l(dr aeyl
od mes ra dol mwaroslrdolnieglpeas inlwas dlieleaeofees.
Rdgaroiegl tdleaeofees,laelds i a dlmol tdla mle lmolPmeys yrdedlwas dlnmleolbdl
slr isdolnm pariegl tdl m aelelae i ylmolpeas inlodpmsi doliel td ldantlydarlwi tl
 tdlod aeolomrlPmeys yrdedlodsnribdoliel tdlprdvimlslntap dr,l6.1%.lTtislrdsle slielal
pmssibedla mle lmolPmeys yrdedlwas dledo lieleaeofeesliel0001ldelael mlarmleol31.1l
 tmlsaeol mes.lTtisla mle lstmwsl ta l tdlelae i ylmol a driaeldi tdrls ieelprdsde l
mrlpm de iaeeylol pdolieleaeofeeslwmleolbdlvdryl lntldemlgtl mltdepl tdlsys d l
rdantl tdl50’000l meslrdnmvdrdolgmaeliel10lydars.

Oelalfeaelem d,lnmesiodriegl ta l tdlrdnmvdrdolpeas inlwas dlwieelbdl raesomr doliel
“Li dx”,ldvdelwi tl tdlra imslmol60-40%laeol90-10%lieloavmlrlmol tdliemrgaeinlfeedr,lal
eargdla mle lmolrawl a driaelisledndssaryl mlprmolndldemlgtl“Li dx”l ml akdli lal
vaeiolmp imel mli pan l tdlm tdrlieols rids.l
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Iel tdlstmr lpdrimo,l tdldoodn slmol tdlsys d lwieelbdl aieeylode liel tdl inrmlsnaed.

Dlriegl tdlfrs lydarlmol tislpdrimo,l tdlrdnmvdrylsys d lwieelbdlealentdolwi tl tdl

doomr lmolbm tl modelki lnm paeidslaeol tdlPmeys yrdedlrdnyneieglnm paey.lDlriegl

 tislydar,l tdlrdvdrsdlvdeoiegl antiedslwieelbdlodvdempdolaeol tdlrd aiedrslaeold-

nm  drndlsi dslwieelbdlnme an dolielmrodrl mlmoodrl td l mlpar inipa dliel tdl

rdnmvdrylsys d .lAesm,l tdl arkd ieglaeoloioolsimelmolieomr a imelmel tdlrdnmvdryl

sys d lwieels ar ,l akieglsml ta lpm de iaelpar inipae sl ayledarelabml li laeol

bdnm dlie drds dolieli lbylrdsdarntieglabml li .

Ttdldoodn slielpar inipa iegliel tdliei ia ivdlwieelem lbdlode lbdomrdl tdlsdnmeolydarlmol

 tislpdrimo,lolrieglwtintl tdl modelblieodrslwieels ar lpar inipa ieg.lIelaooi imel ml

 ta ,l tdlPmeys yrdedlrdnyneieglnm paeylwieelaesmls ar lplrntasieglCaenil l

Carbmea dlorm li sl aeloan lrdrs.lTtdla mle lmolrleedrslrdnmvdrdoliel tdlsdnmeol

ydarlwieelprmbabeylbdlarmleol30%lmol tdlds i a dola mle lodsnribdolprdvimlsey,l

dspdniaeeylnmesiodriegl ta l tdl ajmri ylmolpar inipae sliel tdlslrvdyls a dol ta l

 tdylwmleolpar inipa dl aieeylwtdelplrntasiegl modelki slaeol tdl ajmri yls a dol

 ta l tdylplrntasdl td larmleolmendlal me t.lDlriegl tislydar,l tdldoodn slmol tdl

sys d lwieels ar lbdieglode laesmliel tdl dsmledvde,l taeksl ml tdlplrntasdlmolCaenil l

Carbmea d.lIel tislnasd,l tdl aeloan lrdrslmol tisl a driaelwieelgaielaledwlsaedsl

ntaeede,l ta lwi tl i dlwieelgrmwlielvaeldlaeolrdvdeld.

Iel tdl tirolaeolfeaelydarlmol tdlstmr lpdrimo,l tdldoodn slmel tdl inrmledvdelwieelsddl

 tdlaooi imelmolaelienrdasdlmolsaedslomrlrd aiedrslaeolmeeiedls mrds,laslwdeelaslael

ienrdasdlielpar inipa imelorm l tdl modelblieodrs.lTtdlmbjdn ivdlmol tislstmr lpdrimol

isl mlnmeedn larmleol100l meslmolpeas inlielrleedrs.lDlriegl tisl tirolydar,l tdl model

ki lnm paeidslwieels ar lplrntasiegl“Li dx”laeolie rmolniegli liel tdlprmoln imel

prmndss.lIelmrodrl mlrdolndl tdlnms slorm llsieglaledwl a driae,l tdlnm paeidslwieel

s ar lbylrdedasieglsm dlmol tdirlbds lsdeeieglprmoln sliel ta l a driae,l akiegl tdl

 ms lmol tdirlpmpleari y.lTtislwieelbdlpmssibedl taeksl ml tdloan l ta l tdledwl

 tdr mpeas inlrdsielnm pmsi imelwieelstardl tdlsa dlprmpdr idslaslPmeys yrded,l

aoap iegl ml tdlprmoln imelprmndssdsllsdolbyl tdl modelki l aeloan lrdrs.

Ttdlfeaeldoodn l ta lwieelbdlem indolwieel mlntl tdleaeofeesbl tdlrdnmvdrylmolrleedrsl

wieels ar lrdolniegl tdla mle lmolPmeys yrdedlwas dl ta ldeollpliel tmsdlsi ds.lTtdl

a mle ,l tmlgt,lwieelem lbdlpar inleareylem indabed,lsiendl tdlds i a dolpdrnde agdl

wmleolbdlarmleol0.5-1%.lTtisli pan lwieelprmbabeylrd aielarmleol tisledvdelolriegl

 tdlrd aieodrlmol tdl i dlpdrimo,lgivdel tdleintdlea lrdlmol tdltmbby.
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Dlriegl tdl doil lpdrimol tdldoodn slmol tdlsys d lwieelbdnm dlgraolaeeyl mrdl

ie desd.lIelaooi imel ml ta ,li lwieels ar laoodn iegl tdl dsmledvdel mrd,lielpar inlearl

eaeofees.

Ttdlfrs ldoodn ldxpdn dolislaelienrdasdlmol tdlpar inipa imelbyl modelblieodrs,lwtintl

wmleolaeemwlsd  iegl ml400l mesl tdlgmaelmola mle lmolpeas inlrdnmvdrdoldxnelsivdeyl

orm llsdrslbyl tdlsix tlydar.lTtdlpar inipae slwmleolaesmliefldendl mrdl tdl

rd aiedrslaeolmeeiedls mrds,l taeksl mlaelienrdasdlielplrntasds,lwtintlardlplstdol

omrwarolbyl tdliende ivdslrdndivdolaeolaelienrdasdlielordeldenylomrlwtdel tdl

 modelblieodrslgml mls mrds.lTtdlsys d lwieelaesmliefldendl tdl modelblieodrslmelal

smnim-nle lraelaspdn blem lmeeyl tdylwieelie dran l mrdlwi tl tdls aoolmol tdls mrdsl

aeolm tdrlde tlsias slmol tdltmbby,lbl l tdlpar inipa imeliel tdlwas dlrdnmvdrylwieel

iefldendl td lielpayiegla  de imel mwaroslm tdrlPmeys yrdedlwas dl ta l tdyl ayl

prmolndl�d.g.ld p ylommolnme aiedrs).

Ttislwieelbdlplstdolaesmlbyl tdlnm  leina imelarmleol tdlsys d ,ldspdniaeeylwtdel

 tdlPmeys yrdedlrdnyneieglnm paeylwieels ar lplrntasieglPmeys yrdedlwas dlorm l

eaeofees.lTtislwieels ar la l tdlbdgieeieglmol tisl i dlpdrimo,l taeksl ml tdlsys d l

dnmem inaeeyls abieisiegli sdeololriegl tdlprdvimlslmed.lBylnrda ieglalsmeiolsaedsl

ntaeedelmol“Li dx”l mwarosl modelki lnm paeids,l tdlrdnyneieglnm paeylwieelbdl

abedl mlplrntasdl mrdlrawl a driaesl mlbm tlienrdasdl tdirlprmoln imelvmel dlaeol

 dd l tdlod aeolorm l tdl modelki lieols ry.

Bm tlCaenil lCarbmea dl aeloan lrdrslaeoleaeofeeslwieelpdrndivdlaelienrdasdliel

i pan lmol tdlsys d bl tdlomr drlwieelem indlaelienrdasdlielrdvdeldlnm ieglorm l

 tdlPmeys yrdedlrdnyneieglnm paey,lwtiedl tdlea  drlwieels ar lsddieglalrdoln imelmol

Pmeys yrdedlwas dliel tdlodpmsi s.lTtdlmbjdn ivdlomrl tisl i dlpdrimolisl mlrdnmvdrllpl

 ml10’000l meslmolwas dlPmeys yrdedlorm leaeofees,lwtintla mle sl mlarmleol30%lmol

 tdl m aela mle lodpmsi doldantlydar.

Ttdl modelki lnm paeidslwieelbdlabedl mlealentleiedslmolprmoln sl aodlml lmol

“Li dx”,l akieglaeldoomr l mlbdnm dl mrdldnm-orideoey.lTtislstmleoltdepl td lwi tl

 tdirli agdlaeo,liel tdlemeglrle,lienrdasdl tdirlsaeds,liol tdl modelblieodrsls ar l
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Ttdl tirolaeoleas lpdrimolwieeltavdl mrdldoodn slmel tdl anrmledvde,lwtiedl tdl
aerdaoylds abeistdolmedslwieel ms eylienrdasdlielie desi y.

Ttdlpar inipa imelmol modelblieodrsliel tdllsdrlwas dlrdnmvdrylsys d lwieeltavdl
ienrdasdoldvdel mrd,l mgd tdrlwi tl tdlienrdasdlielrdvdeldlomrlrd aiedrslaeolmeeiedl
s mrds.
Si iearey,l tdlplrntasdlmolCaenil lCarbmea dlbyl tdlPmeys yrdedlrdnyneieglnm paeyl
wieelienrdasd,laslwdeelasl tdlrdvdeldlorm l tdl aeloan lrdrs.lTtdlrdasmelomrl tislisl
aesml tdlienrdasdlmolPmeys yrdedlwas dlplrntasdlorm leaeofeesblbd wddel tdllsdrl
was dlrdnmvdrylsys d laeol tdleaeofees,l tdlmbjdn ivdl mlrdantliel tdl de tlydarlislal
 m aelmol50’000l meslmolPmeys yrdedlrdnmvdrdo.lTtisla mle lnmleoldela dl ml105’000l
aeol500’000l meslmol“Li dx”lprmolndoliel10lydars.lCmesiodriegl tdlprdvimlsl
mbjdn ivd,l tdla mle lmol“Li dx”lprmolndoliel tdlfeaelpdrimol aylbdlbd wddel
75’000laeol400’000l mes.

Rdantieglsaiola mle lwieelaeemwl tdlPmeys yrdedlrdnyneieglnm paeyl mlmpdellpl tdl
sys d l mlm tdrlieols rids,lpar inleareyl mwarosl tdlpapdrlmed.lTtdl m aellsdlmol tdl
prmolndol“Li dx”liel tdlpapdrlieols rylwmleolrdsle lielalrdoln imelmol tdl m ael
ieols ryllsagdlmolwa drlbd wddel1.3laeol7l ieeimel meslmrl 3,lwtintlislaeli pmr ae l
rdsle lomrlalsiegedlnm paey.lTtislislaelds i a dlbasdolmel tdla mle l ta lwa drl
dofnide lpeae slielElrmpdlaeolNmr tlA drinallsdl mlprmolndl1l melmolpapdr,lwtintlisl
bd wddel10laeol05l meslmrl 3lmolwa drl[99].lTtdlds i a dlwaslnaenlea dlbyl
 le ipeyiegl tdlraegdla mle lmol“Li dx”lprmolndolwi tl tdlavdragdlbd wddel10l
aeol05,lwtintllsldelael ml17.5l mes.
Iol tdlsys d lwdrdl mlbdlsnaedollpl mlienelodl le ipedlPmeys yrdedlrdnyneiegl
nm paeids,lemna dolielvarimlslrdgimeslmol tdl(dr ael drri mry,li lwmleolbdlodasibedl
 mlrdnmvdrl tdl ajmri ylmolPmeys yrdedlwas dledo lieleaeofeesldantlydarl�armleol
30’000l mes).lTtislwmleolbdnm dl“Li dx”,laeo,lbasdolmel tdlra imsleddodolomrli sl
lsagdliel tdlpapdrlieols ry,li lnmleolrdolndli slwa drllsagdlnmesiodrabey.lWtied,la l
 tdl m de ,li lislem lpmssibedl mlds i a dl tdlan laeli pan ,li lisli pmr ae l ml
rd d bdrl ta l tdlprmoln imelmol tdlemr aelLi dxlaslpapdrlslbs i l dlstmwslal
rdoln imelmol97%lmolwa drllsagdlomrlal melmol a driae.lTtdrdomrd,l tdlpapdrlieols ryl
wmleolbdnm dledsslodpdeode lmelwa dr.

Aeldoodn ltmpdolomrlolriegl tisl i dlpdrimolwmleolbdl tdliefldendlmol tdl model
blieodrslmel tdlpeas inlieols ry,lpar inleareyl mwarosl tdlPmeys yrdedllsagd.lPmsi ivdl
oddobankl mwarosl“Li dx”l modelki slnmleoliefldendlnmesl drsl ml rylaeol
plrntasdlpeas inlprmoln sl ta l aylprdsde lae drea ivdsl mlemr aelmie-basdol
 tdr mpeas inlrdsies.lTtislnmleolaesmlaoodn l tdlpeas inlieols rylaslalwtmed,ltmpdoleeyl
kinks ar ieglievds  de slaeolrdsdarntl mwaroslgrddedrlae drea ivds.
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This thesis had the objective of studying the model kit industry, fnding issues 
present in it, investigate its community and develop systemic solutions based on 
what observed. The results show that it could be possible to apply solutions already 
in use in other contexts, as well as in similar ones, though limited to the products of 
a singular company.

The results of this thesis demonstrated that the model building community is 
interested in seeing their favourite hobby become more eco&friendly, but, at the 
same time, questions would rise when considering the quality of the materials used 
in order to do so.
The key towards the application of systemic solutions in the industry becomes the 
development of a new network between the manufacturing, the resource 
gathering and the consumers themselves. By giving them the opportunity to 
directly affect the system, the results would allow this new network to expand 
towards the reduction of Polystyrene waste present on the German territory, and 
the opening of the system towards the paper industry.

This change, though, leans on the uncertainty of the participation and collaboration 
of both customers and stores. In addition to that, the material implemented would 
still require some level of testing and experimenting, in order to assure good quality 
using waste to produce something new.

That said, if the model builders and the stores work together with the new system, 
and the new material reveals itself being of high quality despite originating from 
waste, the environmental and economic potential of this project skyrocket. The 
amounts of plastic waste present in German landflls would allow for low&cost raw 
materials, especially if compared to newly produced Polystyrene pellets. In addition 
to that, thanks to the fact that the thermoplastic resin composition maintains the 
mechanical and physical properties of the resin used, it will not be necessary for 
companies to invest in new technologies to manufacture products using this 
material.

The benefts that this system would bring to the industries taking part in it and the 
country in which takes place will be in line with what Germany has accomplished 
up until now and still tries to accomplish. The reduction of not recycled waste, 
especially plastic, has been a very diffcult task to tackle, and in particular the 
recycling of Polystyrene has been a challenge. Even with the development of new 
techniques to do so, the logistics of recovering the material and transporting it have 
always been the biggest obstacle in its recycling. The introduction of a company 
focused on working on this material could help ease the burden that Polystyrene 
brings to the plastic recycling industry.
By scaling up the system to a national size, multiple supporting companies could 
be launched, in order to slowly reduce the amount of material sent to landflls and 
left there.
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ÅÂÍÏÂ½áË½¿�ÙÃÊáËÂÊá«Ë¿ÅÂÍÏÂ½áË½¿
Í«ÉÉÙÍÊÙ�ßÔÊ±É��¦���

£�à �Þ������f¿f¡ÂÃÊÙfÊ�ÙÂÊ±ÙËÊÌfÕÙ�±ÂËÐ³fÐÙÂ�Ã³fÊÐÅÙÃf«¼f
�ÂÃÊÙf¿fÔÊÊÅÃÌ··���¿½ÙËÙÃáÃß�ÙÃÊÂÊáÃß�Ù·½ÙËÙÃáÃ·
«ËÉáËÙ�
«ÅÙ�ÂÊá«Ë�Ù�½Ù¯ËáÃÊÂ¯ÙÉÉÙ�áÂ½�Â±±�«ÅÊá«Ë��áÂ½�Â
±±�ÉÙEÙÉáË�Ùx�¨�ÉÙEÙÉá����¬¦�¦¤¨��«�ËÉ«Â�Ë
Â±Ù��¨¿¦¦¦¨�Â¯�ÙÂ�Í�º±¯

£rà QÚå	&Þ�
[�	������	
�[åÚ��Þ©�f¿f%}}Á}}Ó�Õf
¶ÁÕ%¶fÛ5¢Ý¶Ó%�ÛÁf¡Ó§�f%��fÓ¢Ý¶Á¢Á�§%§Ó5�f
5mf§�Áf¡%}§Áf%ÛÛÁÝ§%�ÛÁfÛ²Ó§Á²Ó%f%��f
Ý²5ÛÁ�A²Á}fuOf§�ÁfÁA¿ªf¿fÔÊÊÅÃÌ··ÙÍßÙº�«ÅÂßÙº·
ÙËEá�«Ë±ÙËÊ·Å�¼·�ÂÃÊÙ·ÉÂË��ÉÉ·ÂËËÙxÙÃ<ÂßÅ�=

�/à �Þ������g¿f¡ÂÃÊÙfÊ�ÙÂÊ±ÙËÊfÅÉÂËÊÃf¨¦¨f¿f§«ÊÂÉfáËÅºÊf
ÉÂË��ÉÉÃf¿fÔÊÊÅÃÌ··���ß�ÙÃÊÂÊáÃß�Ù·Á�·§ÔÙ±ÙÃ·
}«ÍáÙÊÐ¿ÁËEá�«Ë±ÙËÊ·ÁËEá�«Ë±ÙËÊ·¡ÂÃÊÙ¿
¢ÂËÂ½Ù±ÙËÊ·§Â¯ÉÙÃ·ÉáÃÊÙ¿�ÂÃÊÙ¿Ê�ÙÂÊ±ÙËÊ¿ÅÉÂËÊÃ¿
ÉÂË��ÉÉÃßÔÊ±É���¤¨�=

�Kà �ÞÚ��A1Þ[�%�
ä�¹��Þ�[�Ò�f¿fÝ¼ÂË�f}ÐÃÊÙ±f¿f
ÔÊÊÅÃÌ··�Å½¿Å¼ÂË�ÃÐÃÊÙ±ß�Ù·áË�ÙxßÅÔÅ·ÙË¸

�Sà 	��©Þ[�©©[+Þ�	ÚåAÞ[�Ú�äÞf¿fÕÙ�±ÂËÐf¿fÔÊÊÅÃÌ··
���ß¯«ÊÊÉÙ¯áÉÉß«�½·áË�ÙxßÅÔÅ·Íº��ÙËÊ¿ÂË�¿Å�«Å«ÃÙ�¿
ÉÂ�Ã·�«�É��á�Ù·½Ù�±ÂËP

�0à 8*Ò+�f¿f²ÙÊº�Ëf«¼fÙ±ÅÊáÙÃf¿fÔÊÊÅÃÌ··
ÉÂË½ºÂ½ÙÃáÊÙÃßÊ«±�ÂßÍ«±·�Ù¿�Ù·Í«ÉÉÙÍÊá«Ë·�ÙEÙ�ÃÙ¿
EÙË�áË;

�âà 8*Ò+�g¿f²ÙE«ÉºÊá«Ëf¶áËÙf¿fÔÊÊÅÃÌ··
ÉÂË½ºÂ½ÙÃáÊÙÃßÊ«±�ÂßÍ«±·�Ù¿�Ù·Í«ÉÉÙÍÊá«Ë·�ÙEÙ�ÃÙ¿
EÙË�áË½·Å�«�ºÏÊÙ·�ÙE«ÉºÊá«Ë¿ÉáË×

�µà Q+�Qf¿fÔÊÊÅÃÌ··���ßÙ��Ù¿�ÙÍÐÍÉáË½ß�Ù·ÙË¸

��à �Þå[�å�
Þ[�Ú
´�f¿fÔÊÊÅÃÌ··���ß½�ºÙËÙ�¿ÅºËÏÊß�Ù·
ÙË¸

�£à Ú
äÞ��
�Þ��Þåf¿fÝÂÍÏÂ½áË½f5��áËÂËÍÙf�fzÙ�ÅÂÍÏzfÎf
¿fÔÊÊÅÃÌ··���ß¯½¯Éß�Ù·xÂEÙ�·¯½¯É·ÃÊÂ�ÊßxÂE�
ÃÊÂ�Ê¯Ï�uºË�ÙÃÂË�Ùá½Ù�<uÕuÉ�Nº±Å§«�¯½¯É¤Ã¨��ß
Å�¼�<<¯½¯É<<�¨m�¨mY�ªu��¦ÂÊÊ�<á�����¨¬¯½¯É¤
Ã¨��ßÅ�¼�¨¬�ª�<<����¬¬�ª�D

��à Q�å�1[SÞ�	�����	
[Ú©©Þ��
f¿f§�ÁfÛ¶5}Á�f
}Au}§%�ÛÁfÛOÛ¶Áf%��f¡%}§Áf¢%�%ÕÁ¢Á�§f%Û§f
¿fÔÊÊÅÃÌ··ÙË¯ßááÃ�ß«�½·Í«ËÃº±Ù·ÍÉ«ÃÙ�ßÔÊ±È

�rà Q�ÇF[Q-&�
äÞä[�	©¹��¹åÞ
Þ[ÇÚ&&©�Þ�g¿fÁxÅÂË�Ù�f
Ý«ÉÐÃÊÐ�ÙËÙfáÃf¤��f%á�fÂË�f¦¦�f²ÙÍÐÍÉÂ¯ÉÙf¿fÔÊÊÅÃÌ··
ÙxÅÂË�Ù�Å«ÉÐßÍ«ßºÏ·ÙËEá�«Ë±ÙËÊ¸

r/à �Ú�ÒÞä[�Þ
�å�©g¿fÝÔ«Ê«�Ù½�Â�ÂÊá«ËfÂË�f
ÅÔ«Ê«ÃÊÂ¯áÉá�ÂÊá«Ëf«¼fÅ«ÉÐ±Ù�Ã³fÙÃÅÙÍáÂÉÉÐf
Å«ÉÐÃÊÐ�ÙËÙÌf�ÙEáÙ�f¿fÔÊÊÅÃÌ··���ßËÍ¯áßËÉ±ßËáÔß½«E·
Å±Í·Â�ÊáÍÉÙÃ·Ý¢Û��¨¦��·



�����q

Ü��Ñ$»�Æ¥°

�âà À
�Þå
���	
�©[Ò	
Þ��å¹[ØÚ
äf¿fÕÙ�±ÂËÐf¿fÔÊÊÅÃÌ··
���ßá±¼ß«�½·ÙË·Û«ºËÊ�áÙÃ·�ÁÖ

�µà Ç�������´[�	å��©f¿fÕÙ�±ÂËÐfÕ�Ý³fÕ²Ýf¿fÔÊÊÅÃÌ··
���ßÃÊÂÊáÃÊáÏÅ«�ÊÂÉß�Ù·�Ù·E½��É·Ù�½Ù¯ËáÃÃÙ¿
ÉÂÙË�Ù�Ù¯ÙËÙ·¯�ºÊÊ«áËÉÂË�ÃÅ�«�ºÏÊ¿
¯�ºÊÊ«�Ù�ÊÃÍÔ«ÙÅ¼ºË½·¯áÄ

��à Ç�������f¿fÕÙ�±ÂËÐfºËÙ±ÅÉ«Ð±ÙËÊf�ÂÊÙf¿fÔÊÊÅÃÌ··
���ßÃÊÂÊáÃÊÂßÍ«±·ÃÊÂÊáÃÊáÍÃ·�¬ª¨¦¤·ºËÙ±ÅÉ«Ð±ÙËÊ¿
�ÂÊÙ¿áË¿½Ù�±ÂËÐ¸

�£à �Þ������f¿fÝÙ�Ã«ËÃfÙ±ÅÉ«ÐÙ�fÂË�fÊº�Ë«EÙ�f«¼fÉ«ÍÂÉf
ºËáÊÃfáËf±ÂËº¼ÂÍÊº�áË½Ìf¶ Ë�Ù�³fÐÙÂ�Ã³fÙÍ«Ë«±áÍf
ÂÍÊáEáÊáÙÃ�¡�¨¦¦�f¨¿�á½áÊfÍ«�ÙÃÎf¿fÔÊÊÅÃÌ··���¿
½ÙËÙÃáÃß�ÙÃÊÂÊáÃß�Ù·½ÙËÙÃáÃ·«ËÉáËÙ�
ÃÙ�ºÙË��ÊÂ¯ÙÉÉÙÁ�½Ù¯ËáÃ�ÃÙÉÙÍÊá«ËËÂ±Ù��¨¨¬¿¦¦
��ÙáÊÃÍÔÙá¯ÙË��ÉÂË½ºÂ½Ù�ÙË�Â¯�ÙÂ�Í�º±®

��à �Þ������f¿f�ÙÐf�ÂÊÂf«¼fÙËÊÙ�Å�áÃÙÃfáËf±ÂËº¼ÂÍÊº�áË½f
¨¦¨¦f¿fÔÊÊÅÃÌ··���ß�ÙÃÊÂÊáÃß�Ù·Á�·§ÔÙ±ÙÃ·
ÁÍ«Ë«±áÍ¿}ÙÍÊ«�Ã¿ÁËÊÙ�Å�áÃÙÃ·ÓË�ºÃÊ�Ð¿
¢ÂËº¼ÂÍÊº�áË½·§Â¯ÉÙÃ·ÏÙÐ¿�ÂÊÂ¿±ÂËº¼ÂÍÊº�áË½ßÔÊ±È

�rà P¾æãæ:¾f¿fÝ�«�ºÍÊá«ËfáËfÊÔÙf±ÂËº¼ÂÍÊº�áË½fÃÙÍÊ«�Ìf
ÕÙ�±ÂËÐ³f±«ËÊÔÃ³Â½½�Ù½ÂÊÙÃf«¼f½««�Ãf¿fÔÊÊÅÃÌ··
���¿½ÙËÙÃáÃß�ÙÃÊÂÊáÃß�Ù·½ÙËÙÃáÃ·«ËÉáËÙ�ÂÃÊ�ºÍÊº�×

£/à �Þ������f¿fÕ««�ÃfÂË�fÃÙ�EáÍÙÃf¼«�fÙËEá�«Ë±ÙËÊÂÉf
Å�«ÊÙÍÊá«Ëf«EÙ�EáÙ�f¯ÐfÙÍ«Ë«±áÍfÂÍÊáEáÊáÙÃfÂË�fÊÐÅÙÃf
«¼fÃÙ�EáÍÙÃf¨¦�f¿fÔÊÊÅÃÌ··���ß�ÙÃÊÂÊáÃß�Ù·Á�·§ÔÙ±ÙÃ·
}«ÍáÙÊÐ¿ÁËEá�«Ë±ÙËÊ·ÁËEá�«Ë±ÙËÊ·ÁËEá�«Ë±ÙËÊÂÉ¿
ÁÍ«Ë«±áÍÃ·§Â¯ÉÙÃ·½««�Ã¿ÃÙ�EáÍÙÃ¿
ÙËEá�«Ë±ÙËÊ¿¨¦�ßÔÊ±É

£Kà {y��\i)�æs�ãæ\ic�ã\:�si+y��æ:y�f¿fÕÙ�±ÂËÐfÝÉÂÃÊáÍf
«�f²º¯¯Ù�fÁxÅ«�ÊÃ³fÓ±Å«�ÊÃ³f§Â�á¼¼Ãf¯ÐfÍ«ºËÊ�ÐfÂË�f
�Ù½á«Ëf¨¦¨¦f¿fÔÊÊÅÃÌ··�áÊÃß�«�É�¯ÂËÏß«�½·
Û«ºËÊ�ÐÝ�«�ÉÙ·ÙË·Û«ºËÊ�Ð·�ÁA·OÙÂ�·¨¦¨¦·§�Â�ÙmÉ«�·
Á@ÝÓ¢Ý·ÝÂ�ÊËÙ�·ÂÉÉ·Ý�«�ºÍÊ·�¤¿�¦<ÝÉÂÃÊá²º®

£Sà 9	å©ä[À
�Þ�å��Þä[8å�ä�
�[Ç	©Ú��	
f¿fÝÂÅÙ�fÂË�f
ÅÂÅÙ�¯«Â��zfÙxÙ�ÍáÃÙf¯««ÏÃfá±Å«�ÊÃf¯ÐfÍ«ºËÊ�ÐfáËf
¨¦¨¦f¿fÔÊÊÅÃÌ··�áÊÃß�«�É�¯ÂËÏß«�½·Ê�Â�Ù·Í«±Ê�Â�Ù·ÙË·
Í«ºËÊ�Ð·%¶¶·ÐÙÂ�·¨¦¨¦·Ê�Â�Ù"«�·Ó±Å«�ÊÃ·ÅÂ�ÊËÙ�·
¡¶�·Å�«�ºÍÊ·��¨¦¨D

£0à 9	å©ä[À
�Þ�å��Þä[8å�ä�
�[Ç	©Ú��	
f¿fÝÂÅÙ�fÂË�f
ÅÂÅÙ�¯«Â��zfÙxÙ�ÍáÃÙf¯««ÏÃfÙxÅ«�ÊÃf¯ÐfÍ«ºËÊ�ÐfáËf
¨¦¨¦f¿fÔÊÊÅÃÌ··�áÊÃß�«�É�¯ÂËÏß«�½·Ê�Â�Ù·Í«±Ê�Â�Ù·ÙË·
Í«ºËÊ�Ð·%¶¶·ÐÙÂ�·¨¦¨¦·Ê�Â�Ù"«�·ÁxÅ«�ÊÃ·ÅÂ�ÊËÙ�·
¡¶�·Å�«�ºÍÊ·��¨¦¨D

£âà 9	å©ä[À
�Þ�å��Þä[8å�ä�
�[Ç	©Ú��	
f¿f¡««�fá±Å«�ÊÃf
ÂË�fÙxÅ«�ÊÃf¯Ðf�Ù½á«ËfáËf¨¦¨¦f¿fÔÊÊÅÃÌ··
�áÊÃß�«�É�¯ÂËÏß«�½·Û«ºËÊ�ÐÝ�«�ÉÙ·ÙË·Û«ºËÊ�Ð·�ÁA·
OÙÂ�·¨¦¨¦·§�Â�ÙmÉ«�·Á@ÝÓ¢Ý·ÝÂ�ÊËÙ�·¯Ð¿�Ù½á«Ë·
Ý�«�ºÍÊ·��¿�¤<¡««�

£µà �Þ������g¿fAÃÙ�fÊ�ÂËÃÅ«�ÊfÂË�fÃÙÍ«Ë�Â�ÐfÅÂÍÏÂ½áË½f
Í«ÉÉÙÍÊÙ�fáËf¨¦¨¦f¿fÔÊÊÅÃÌ··���ß�ÙÃÊÂÊáÃß�Ù·Á�·
§ÔÙ±ÙÃ·}«ÍáÙÊÐ¿ÁËEá�«Ë±ÙËÊ·ÁËEá�«Ë±ÙËÊ·¡ÂÃÊÙ¿
¢ÂËÂ½Ù±ÙËÊ·§Â¯ÉÙÃ·ÉáÃÊÙ¿Ê�ÂËÃÅ«�Ê¿ÃÙÍ«Ë�Â�Ð¿
ÅÂÍÏÂ½áË½ßÔÊ±É��¦ª¦�=

£�à �Þ������g¿fAÃÙ�fÃÂÉÙÃfÅÂÍÏÂ½áË½fÍ«ÉÉÙÍÊÙ�f¼�«±f
Å�áEÂÊÙf�ËÂÉfÍ«ËÃº±Ù�ÃfáËf¨¦¨¦f¿fÔÊÊÅÃÌ··
���ß�ÙÃÊÂÊáÃß�Ù·Á�·§ÔÙ±ÙÃ·}«ÍáÙÊÐ¿ÁËEá�«Ë±ÙËÊ·
ÁËEá�«Ë±ÙËÊ·¡ÂÃÊÙ¿¢ÂËÂ½Ù±ÙËÊ·§Â¯ÉÙÃ·ÉáÃÊÙ¿ÃÂÉÙÃ¿
ÅÂÍÏÂ½áË½¿�ºÂËÊáÊáÙÃ¿Í«ÉÉÙÍÊÙ�ßÔÊ±É��¦��D

££à �Þ������g¿f�ÙÃÊáËÂÊá«Ëf«¼fÃÂÉÙÃfÅÂÍÏÂ½áË½³f¯ÐfÊÐÅÙf«¼f
±ÂÊÙ�áÂÉfÂË�f«¯Éá½ÂÊÙ�fÅÂ�ÊÐfáËf¨¦¨¦f¿fÔÊÊÅÃÌ··
���ß�ÙÃÊÂÊáÃß�Ù·Á�·§ÔÙ±ÙÃ·}«ÍáÙÊÐ¿ÁËEá�«Ë±ÙËÊ·
ÁËEá�«Ë±ÙËÊ·¡ÂÃÊÙ¿¢ÂËÂ½Ù±ÙËÊ·§Â¯ÉÙÃ·ÉáÃÊÙ¿ÃÂÉÙÃ¿
ÅÂÍÏÂ½áË½¿�ÙÃÊáËÂÊá«Ë¿ÅÂÍÏÂ½áË½¿
Í«ÉÉÙÍÊÙ�ßÔÊ±É��¦���

£�à �Þ������f¿f¡ÂÃÊÙfÊ�ÙÂÊ±ÙËÊÌfÕÙ�±ÂËÐ³fÐÙÂ�Ã³fÊÐÅÙÃf«¼f
�ÂÃÊÙf¿fÔÊÊÅÃÌ··���¿½ÙËÙÃáÃß�ÙÃÊÂÊáÃß�Ù·½ÙËÙÃáÃ·
«ËÉáËÙ�
«ÅÙ�ÂÊá«Ë�Ù�½Ù¯ËáÃÊÂ¯ÙÉÉÙ�áÂ½�Â±±�«ÅÊá«Ë��áÂ½�Â
±±�ÉÙEÙÉáË�Ùx�¨�ÉÙEÙÉá����¬¦�¦¤¨��«�ËÉ«Â�Ë
Â±Ù��¨¿¦¦¦¨�Â¯�ÙÂ�Í�º±¯

£rà QÚå	&Þ�
[�	������	
�[åÚ��Þ©�f¿f%}}Á}}Ó�Õf
¶ÁÕ%¶fÛ5¢Ý¶Ó%�ÛÁf¡Ó§�f%��fÓ¢Ý¶Á¢Á�§%§Ó5�f
5mf§�Áf¡%}§Áf%ÛÛÁÝ§%�ÛÁfÛ²Ó§Á²Ó%f%��f
Ý²5ÛÁ�A²Á}fuOf§�ÁfÁA¿ªf¿fÔÊÊÅÃÌ··ÙÍßÙº�«ÅÂßÙº·
ÙËEá�«Ë±ÙËÊ·Å�¼·�ÂÃÊÙ·ÉÂË��ÉÉ·ÂËËÙxÙÃ<ÂßÅ�=

�/à �Þ������g¿f¡ÂÃÊÙfÊ�ÙÂÊ±ÙËÊfÅÉÂËÊÃf¨¦¨f¿f§«ÊÂÉfáËÅºÊf
ÉÂË��ÉÉÃf¿fÔÊÊÅÃÌ··���ß�ÙÃÊÂÊáÃß�Ù·Á�·§ÔÙ±ÙÃ·
}«ÍáÙÊÐ¿ÁËEá�«Ë±ÙËÊ·ÁËEá�«Ë±ÙËÊ·¡ÂÃÊÙ¿
¢ÂËÂ½Ù±ÙËÊ·§Â¯ÉÙÃ·ÉáÃÊÙ¿�ÂÃÊÙ¿Ê�ÙÂÊ±ÙËÊ¿ÅÉÂËÊÃ¿
ÉÂË��ÉÉÃßÔÊ±É���¤¨�=

�Kà �ÞÚ��A1Þ[�%�
ä�¹��Þ�[�Ò�f¿fÝ¼ÂË�f}ÐÃÊÙ±f¿f
ÔÊÊÅÃÌ··�Å½¿Å¼ÂË�ÃÐÃÊÙ±ß�Ù·áË�ÙxßÅÔÅ·ÙË¸

�Sà 	��©Þ[�©©[+Þ�	ÚåAÞ[�Ú�äÞf¿fÕÙ�±ÂËÐf¿fÔÊÊÅÃÌ··
���ß¯«ÊÊÉÙ¯áÉÉß«�½·áË�ÙxßÅÔÅ·Íº��ÙËÊ¿ÂË�¿Å�«Å«ÃÙ�¿
ÉÂ�Ã·�«�É��á�Ù·½Ù�±ÂËP

�0à 8*Ò+�f¿f²ÙÊº�Ëf«¼fÙ±ÅÊáÙÃf¿fÔÊÊÅÃÌ··
ÉÂË½ºÂ½ÙÃáÊÙÃßÊ«±�ÂßÍ«±·�Ù¿�Ù·Í«ÉÉÙÍÊá«Ë·�ÙEÙ�ÃÙ¿
EÙË�áË;

�âà 8*Ò+�g¿f²ÙE«ÉºÊá«Ëf¶áËÙf¿fÔÊÊÅÃÌ··
ÉÂË½ºÂ½ÙÃáÊÙÃßÊ«±�ÂßÍ«±·�Ù¿�Ù·Í«ÉÉÙÍÊá«Ë·�ÙEÙ�ÃÙ¿
EÙË�áË½·Å�«�ºÏÊÙ·�ÙE«ÉºÊá«Ë¿ÉáË×

�µà Q+�Qf¿fÔÊÊÅÃÌ··���ßÙ��Ù¿�ÙÍÐÍÉáË½ß�Ù·ÙË¸

��à �Þå[�å�
Þ[�Ú
´�f¿fÔÊÊÅÃÌ··���ß½�ºÙËÙ�¿ÅºËÏÊß�Ù·
ÙË¸

�£à Ú
äÞ��
�Þ��Þåf¿fÝÂÍÏÂ½áË½f5��áËÂËÍÙf�fzÙ�ÅÂÍÏzfÎf
¿fÔÊÊÅÃÌ··���ß¯½¯Éß�Ù·xÂEÙ�·¯½¯É·ÃÊÂ�ÊßxÂE�
ÃÊÂ�Ê¯Ï�uºË�ÙÃÂË�Ùá½Ù�<uÕuÉ�Nº±Å§«�¯½¯É¤Ã¨��ß
Å�¼�<<¯½¯É<<�¨m�¨mY�ªu��¦ÂÊÊ�<á�����¨¬¯½¯É¤
Ã¨��ßÅ�¼�¨¬�ª�<<����¬¬�ª�D

��à Q�å�1[SÞ�	�����	
[Ú©©Þ��
f¿f§�ÁfÛ¶5}Á�f
}Au}§%�ÛÁfÛOÛ¶Áf%��f¡%}§Áf¢%�%ÕÁ¢Á�§f%Û§f
¿fÔÊÊÅÃÌ··ÙË¯ßááÃ�ß«�½·Í«ËÃº±Ù·ÍÉ«ÃÙ�ßÔÊ±È

�rà Q�ÇF[Q-&�
äÞä[�	©¹��¹åÞ
Þ[ÇÚ&&©�Þ�g¿fÁxÅÂË�Ù�f
Ý«ÉÐÃÊÐ�ÙËÙfáÃf¤��f%á�fÂË�f¦¦�f²ÙÍÐÍÉÂ¯ÉÙf¿fÔÊÊÅÃÌ··
ÙxÅÂË�Ù�Å«ÉÐßÍ«ßºÏ·ÙËEá�«Ë±ÙËÊ¸

r/à �Ú�ÒÞä[�Þ
�å�©g¿fÝÔ«Ê«�Ù½�Â�ÂÊá«ËfÂË�f
ÅÔ«Ê«ÃÊÂ¯áÉá�ÂÊá«Ëf«¼fÅ«ÉÐ±Ù�Ã³fÙÃÅÙÍáÂÉÉÐf
Å«ÉÐÃÊÐ�ÙËÙÌf�ÙEáÙ�f¿fÔÊÊÅÃÌ··���ßËÍ¯áßËÉ±ßËáÔß½«E·
Å±Í·Â�ÊáÍÉÙÃ·Ý¢Û��¨¦��·



������

^tiS�=�H'2
�	A ���L��]�����
��L���yIz���~5�x,�5��Uplx�5pjR�

Upsx�o7jvRlv�x�x�_p�,�l7��xuvujx���_lloRqccnpRlx�
Up�p:xUx�l�n7�j,Bu7Uc�xR7m�ux�mRxcU5�x,�5��
Uplx�5pjR�Upsx�o7jvRlv�x�x�_p�,�l7��xuvujxb

�YA �����y�gf�L�����Md\ZX\V3�3�T�a�`XZ�V3e\ed`�Oq�
T�V3P`3|���_lloRqccnnnB�xRxp�u_:plxB�xlc
om[j5upl57�cNKG�NKNFD�Md\ZX\V3�3T�a`XZV3e
\ed`�OTV3P`3}

�JA C�?�{w>I<��L<�����e�vRlpjj5�x�Rv�,57lpul5u�
o7jvRlv�x�x���_lloRqccom[RBpuRB7�:c,75co,;c�DB�DW�c
UpDD�FNpDW9

�6A 4z�
<L�w���y1�y�L<�����@TV3e�Zv�,57lpul5u�
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