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bdCkIrOUNd researCh

Jlue StiCk anatysis

market

UHU & Prift sustainable options are 3
times more expensive

Increasing use of natural ingredients

Decreasing use of PVA

user

337 users say they don’t own a glue stick
even though they have some at home or school

173 of que sticks are disposed
because they dry out

93/ are disposed in general waste

current PSS anaiysis

1 Wriking inSkruments

The consumer takes the product o a Terracy-
cle location and puts if In a box, where the box
s then sent fo Terracycle where they are
separafed by maferial composition, cleaned and
melted into hard plastic that can be remoulded
to make new recycled products

Product oriented PSS

This Is something that adds onto the product
by providing a revalorisation service fo the
resource of The product

Product

Easy to disassemble due 1o lack of
permanent joinfs or screws

Packaging has the pofential fo be reused

Product is based on a linear business
model

The casing and packaging contribufed
the most o ifs environmenfal impact

The material made up 87/ of the
embodied energy and 777 of the
carbon footprint

Terracycle is a product service system as a global
recycling company for ‘hard fo recycle waste”

2 7ero-uwaske box

The consumer buys a zero-waste box, from
180 to 280 pounds, and fills it with empfy
due sticks (or other glue containers) and
then posts it for free fo Terracycle so it
gefs sorfed and melfed info recycled plastic

used for new products

I
result oriented PSS
The service provided by the purchase of
the box is The main purpose behind this PSS

The result is recycling the glue containers
for ‘free’

ProblemS
Produck level

UHU & Prift susfainable options are 3
times more expensive

There are no visible lables about the
reuse or recyclability of the product
or packaging

The dlue is very likely to shorfen the
product lifefime due fo ifs chemical
properties.

PVA is tThe most used material for
The casing which is extremely harm-
ful for the environment

sJstem level

Expensive prices of recycling
schemes are a disincentive
for consumers.

—
I ———
—
Recycling compa- —
nies may have
issues if The glue
can’t or isnt
cleaned properly
[ ————
i

Reused plastics are more
expensive than virgin materials
disincentivising manufacturers.

s0Cial
teChnical

=

No proper flow of information
befween manufacturers,
brands and recycling companies.

Consumers are likely to be
careless with the product

and shorfen ifs lifetime.

environmental
economical

Recycled plastic is 57 POUNdS more
per fonne

Consumers need to be motivafed
enough fo clean and recycle glue
sticks

There are no requirements for
labels about the recycling or sustain-
ability of the product

There is nof an existing infrastruc-
fure To deal with more susfanable
materials ke planf-based plastics

There are no legislations
regardng the sustainabiity of
maferials in sfationery,

=T Manufacturing
Drocesses may
not be applica-
ble to more
susfainable

/- materials

[ ——

1l

e —

The transport for resources,
materials and distribufion
polutes the environment.



CUTTENE SYSEEM | coimorderion o consumer buss I\ our ineervention

pofential and infervention points 9glue Skick Packasging i
9lue SkiCk iS Sent Ehrown away ® . POtential
The glue and casing have the potential to EO Stakionery Shoe
® . have the same manufacturer to avoid I
addrfional costs and fransport ?
Jiue SkiCk i : The frequent use of
assembled — S!UC StiCk glue sticks makes them
I I I I I I I 15 USed have pofential fo be a
general successful reusable
The glue sfick has pofential to Waste product.
? reach very different fypes of
consumers through e-commerce. We decided to make the
I We decided fo change the ' packaging from a biodegrad-
maferial of the casing able material; Paperfoam fo
| since it was the most decrease the amount of
: significant component on waste produced by the pur-
he ¢
To completely the environmental impact : chase of the product -
avoid 1he use of | of the gue sfch From glue StiCk | We chose to not ]eT
PVA we wil use PVA 10 a new Bio-plastic This is the current system in place for Paperfoam (s a UK com- fhe lack of glue defate
a plont-based CL-PHA ([0) gue sficks. It folows ifs production, pany that makes packagng  The end of life of The
glue m" manufacturing, purchase, use and finally from pofafo sfarch and  Product by providng a W
| disposal. We want fo show where and other nafural fibers Its  refilable system
: Lo CL is a new fype of PHA | o el I aie o Hages .
Jlue 15 made €asing 15 made developed by Bio-On in how we are infervening This system pacriaging 15 abie 10 biode Jlue StiCk
£rom PVa £rom pPva Italy (13). It is made from grade n sol affer o weeh bECOMES 0bS0ICEE
agriculfural waste and can -
biodegrade in sol or water T 4
| ina few days ? / \
. : \
| recyciing -
The production of PVA requires chlorine gas End 0F 1€ bin |
o which releases toxins info the atmosphere. It POtential ) ] wi
. ur new material wi
also has unefhical mplicafions when produced PVA can be easily recycled which gives the glue stick Jencral be biodegradable To
n Chmo.‘ We decided fo infervene by replaomg a very high pofentia for ifs end of Ife To recover Waske avaid he polofior
]Tohe m;\llnArTesou:cTe used for The glue sfick some of the energy lost throughout this system caused by the gue
PY2 iS Produced rom 0 pofafoes, However, first social and Economical pkqblems need glue SkiCk iS diSP0SEd <tk endng up in
to be overcame fo make consumers wiling and able andfil

S ‘; Q r ‘; to recycle their glue sticks c n d



INSIFhES and SPECIFICALION

Product Ievel insights .

1

Current products are intuitive for consumer fo use, .
so no functionalify changes should be made

Thermoplastics in the products are generally the
component that confribute fo more CO2 and energy 2

Generally difficult to disassemble, with hidden g
parTs due To The casing on many products = i

Lack of ownership felt befween the consumers
and the products, which shorfens lifecycle '

Lack of quality such as moisture loss or tape
breaking/unwinding leads fo shorfer lifecycle 1

SIStem Ievel InSights

1

Clearly Inear system, with virgn maferials used in
production and obsolefe product going fo landfill /"—’

TERRACYCLE

The entire system has a quick cycle, from @
production To end of life in a few months

Mo current PSS schemes thaf are engaging
enough fo be widely used by consumers

AN
Large amount of stationary used in education, but ©)

no exclusive sysfem schemes for these applications = Il

Lack of sustainability in the whole system, from %
manufacturing fo informafion on product for user ‘ ’

From the background research and curvent system, the insights can be curated and catagorised in terms or
product level and sysfem From these insights, the inifial specification can be created that applies fo most

product in the stationary category

SPECI£ICALION

Ensure the product is easier fo disassemble, so that user can
dspose of if In a way fo increase ifs end of life potential

Make product feel more personal fo user so there is more
ownership and care faken over If.

Look fo replace the thermoplastics in the product with an
‘Eco” dlternafive

There must be clear information in the packaging and product
to make the user aware of its sustainabiity and recyclability

SPECIFICakION

Make the system more engaging with consumers, making if
more convenient or engaging and informative

Make educational institutes a focal point fo supply but also
ensure the system is applicable To individuals or businesses.

Move from linear fo circular system, by aftempting fo remove
the lanafil option, and by informing the user on the system

Slow The cycle down, by making better qualify product and/or
making it refilable o extend product lifespan

MEth0dS 0f
SUSEAINAbIlity

In design process, we will consider
mulfiple specificafion painfs eg if
we Try fo solve the disassembly
issue, we will do this using non-
thermoplastics (another spec point)

Also we will Try fo keep the system
broad, so it can be applied to other
stafionary ifems

NeXt SEEPS

Now that specificafions have been
made for the product and system,
the current sysfem can be
visualised and we can idenfify the
points that relate fo The
specification and that wil be
changed in the new system

Research can also be carried out
info methods used fo create the
new system and a fufure scenario
and fime horizon can be stafed




Now that the linear sysfem has been analysed, the sysfem can be redeveloped info the circular ones,
with key points including resource flow, consumer journey, and energy flows being visualised The
resource £10W can be seen with the key parts being ilustrated in the diagram

delivery oo

manuaceure il
end 0f life 3¢

NEW SISEEM Ievel intervention

£Uture scenario

Amost all consumers wil be eco-aware due fo

the stafe of the world's cimate and resources

The social trends incentivise companies to be »

more environmentaly friendy so they offer are '900'- This PHA s Then »
injection mouded into the casings

e Pha redils packed ol R S
¢asings and St0red

more personalised items due fo higher
consumers fo be local, as it is thought fo use CheCkOut

emofional affachment and trade is idealised by
less energy and be more environmental
l - ‘
111

The glue to makes
the stick that goes

The CL PHA is produced by
nafural fermentation of farm
waste by bacteria This farm
waste could be the same from
the potato production, if both

The agricultural waste is then
used fo make CL PHA, the
bioplastic used o make the
casing for the guestick and
replace thermoplastics.

The manufactured casings are
then sfored in a warehouse unfil
a school places an order

¢asings and

The school will purchase the service from
ARC, depending on the number of students.
These student can then gain access fo the
website to personalise their ifem

The sfudent can then
choose their colour of
product and graphic on if,
and once all the students
have chosen, the order wil
be processed and
dispafched fo the school

student
Personalizes design

www.arcuk/education/stationery/checkout

e -

the online ordering
I system

energy invested

Delivery of the products
fo schools will use energy,

If ARC has a single factory fo as well as energy used by

produce the packaging, glue and
casing then no delivery is needed
However, if' production is
outsourced or produced in
dfferent locations then delivery
between these places by lorry
freight wil be needed

Primary Source\ PLA £r0M
agriculeural wasee

Starch and water combined and
heated to produce the glue, A
fechnique already proved by in the casing is
Pritt Less than one potato can produced from the
make a whole glue stick. pofafoes

Total amount due: ****

SChOOI Orders refiis

Confirm selected design - @131 The personalised casings are

then packed in boxes, made
Refills wil also be delivered by from the sustainable packaging

courrier every time the school and delivered to the school by
runs out courvier.

/\

This loop is the

reuse cycle

generafed by the
3|ue refilable product

AraricWeural TePeateq oyr iS resilied

eneray invested

To pracess the materidls,
and manufacture the
product, this wil require
energy info the system.

The glue stick are then
personal to each child, and
they wil use their own
whenever they need fo

S“Sl-_amgb'e This is the packaging

used to ship the product

PQCkQSIhS made from starch

Jlue £rom
POLAL0 StarCh

Student
Uses stationery

- Once the glue sfick part runs
ouf there is nothing left over, so
Sl:a rl: the stick is simply replaced by
the user and there is zero
waste.

The packaging is produced by
combining sfarch, wafer and
paper fibre, then injection mould
This has already been done by >
"Paper foam’

T
Jiue runs out

The casing should only become absolete if it either
breaks due to misuse, the student finishes school

enersy invested POLALO StarcCh

The potatoes are o °

To grow the potatoes, _ and has no need for it or for some other niche
and process them, fransformed tfo starch \/ PHmqu Source | | | 1 | | | veason
including franspor

requires energy put into PO E 3 ‘Z 0 C S
fesEen groun in soil

The potafoes will be transported
from the fields that they are
grown in fo the factory, where
the glue and packaging are
produced This wil be within the
UK by lorry cargo.

time horizon

With none of the inferventions in the new
system being unrealistic for this time period, it
is sensible fo suggest that the time horizon for
the new system could be within a year
However, for the manufacturing and economical
£6aSibilitY of the CL PHA and other

bi0degration in
S0il Or Water

¢asing

bECOmES 0bSOIEke eneray saving

The process of the
product going back info
the sail compared fo being
Taken for recycling or
landfil saves this energy

The pofatoes are grown by
ARC, and the agriculfural

Pofatoes are cleaned, washed, waste is kept.

separated, crushed, dewatered,
dried fo make starch

The cycle can then start again, even
though the product doesn’t even
degrade into the same sol the potatoes

The CL PHA can degrade in a mafter of days
on land, in rivers and in seas. If the school

are grown in, the energy from the
product is stil going back info the earth.

has a compost it can be disposed there The
casing should last af least @ J€A however:

manufacturing methods fo be scaled, up this
may be closer to b years



Stk ChOIAETS o ccome pume

1

SCh0OI Orders service ~ INNOVation

In this sfage schools are our Target consumer. They would be able
to purchase sfationery that their students need to use for school
work. This lowers their costs as they buy a reusable product in
bulk

ARC as the manufacturer would need fo provide an online platform
for schools and sfudents to purchase glue sticks.

SChOOI Orders refills

The PSS offered by ARC also dlows the school fo purchase the
individual glue sficks refils so they can store them and make the
refil process faster and more convenient

Government needs fo introduce legislation fo imif the use of PVA
N glue sficks so more sustainable opfions become more prominent.

Student Ch00SeS desian —  innovation

Now fhe consumer are the sfudenfs They are granted access fo
ARC’s webpage to personalize their glue stick casings. This alows
them fo differentiate their belongings and feeel ownership

ARG needs to be able To manufacture the casing individually fo
fulfl each students” choice.

order is delivered £63sible

ARG needs fo have good communication with the distribufor fo
alow them fo plan for the most efficient roufes for delivery

The distributor used by ARG needs fo be able to provide stability
and profection for the glue sficks during Transport fo ensure thelr
quality when delivered fo the consumers.

Fe£ills are Stored

The consumer that inifially receives the glue sticks is the school
This allows the schoal fo properly organize the distribufion fo their
studenfs and the sforage of refils that are not used immeditely

CheCkOut
Tofal amount dug: ****
CheCkOut
xd xI0 x20 x50  xI00
O
Tofal amount due: ****
www arcuk/education/stafionery/checkout
-
I _
)
Confirm selected design confirm

10

consumer manu£aceurer
diSEributor sovernment
10 Casing biodedrades SUStainable

The consumer that inifially receives the glue sticks is the school
This allows the school to properly organize the distribufion to

ARC needs fo properly inform the school about the disposal of the
dlue sficks so they can feach the sfudents.

€asing is obsolete

The government’s emphasis on reducing waste wil be put info
practice as there wil be no waste from the product unfil the
outer casing breaks / is lost

Sustainable

The action of refiing the glue wil engage sfudents with the idea
of being zero wasfe and make them more conscious about the
environment as they would not dispose of anything during this
stage, in contrast to when they used ofher glue sticks.

lue is refiled

ARC needs o make sure that the casings are durable enough fo
sustain the use cycles for af least a year

Jiue runs out

The students wil use the glue sticks af the same rafe as before,

ARG needs fo make sure thaf the casings are durable enough fo
sustain the use cycles they will go through for af least a year

Student uses diue

Before students use the glue sticks, the schoal needs fo gve
them proper instructions about the reuse system fhey would
implement with the refilable glue sticks

Government would have legislation in place regarding the use of
glue sticks in younger chidren fo avoid foxic materials or small
parts

ARC needs to ensure a high quality for their glue so they can fulfi
the sfudents” needs



This section ilsufrafes how the product is manufactured, defails on the materials used and how the seperate

P r 0 d u C t l e V e I | n t e r V e n t l 0 n parks work. The method of how The glue stick is actually refiled it detaled, with a combinafion of skefches and
CAD models.

€asing desiIn (ad Visualisation

v~ 0F EhE Product

The casing is manufactured from CL
GLUE STICK BODY  PHa This is different to normal PHA
) G ® bioplastic in that the degrafion time is
| much quicker

The CL PHA can come in pellets which
Is a suifable form for injection
moulding

|
The casing somes in the same form

BDTTDM PART | as curvent gue sticks, with

anergonomical fextured bolf screw to

X ﬂ‘ W i g/ twist the glue easier. The Iid is also
O @ ) &)

curved fo fit our design style and for
a soffer aesthetic.

PaCkaging design

The packaging is used fo sfore and fransport the gue S0LE £d9ed
sficks as wel as confainning the glue sficks cases when lid
they are delviered fo the schools

main Cl Pha
the packaging is made out of paperfoom as mentioned o Casing With
previosly, as it is sistainable and utilises the same 1030 and
resource that makes the gue. It is also biodegradable and . INFOMation

has very simiar physical properfies to existing packaging
maferials.

W glue holder’

read to
For the glue sficks, the packaging will be a standard size t}(;lj ;Iulé Mnd
box, with square dviders fo keep the sticks seperate | & 91Ue holder
They will not stick to the box due fo the wax caoting \
The casings will be in a simiar style but slightly larger box ‘ > i ™~ E;ﬂgnn(::[néc S:Duof,!k
again with dviders. They can come in mupfiple sizes

depending on the order quanfity

. TE£IIl desSian and assemsbld

Jlue SeiCk design

The sticks are made from the pofato starch and water, as mentioned s
before and heated up. They are then cooled in a mould, so that the glue
soldifies. T wax
GoAuNG,
They are then quickly dipped in warm natural wax and then cooled again
Spray sealent wax was also explored but applications only include cars af AN
the moment and did therefore not fit our fufure scenario NS S ;‘:ﬁﬁ
INSTALLING,
The sticks have a small hole through the midde, slightly smaller than the e
bolt screw thread
(0) Adding water and starch (D Heating (®Molded & Cooled @ Coated with wax © Droped Wax ond Covled
S
@ ) 54 @ %
@ Y ) v A

e m—

The refil system is designed to be simple and fidy

One the old glue stick has ran ouf, a new one is

taken out the box, and then simply pushed into the V{
balt screw, and then the bolf is furned at the

bottom of the stick fo pull the glue onto it

JUidES £Or the ‘Jlue holder’

The grey component moves up and down the L~

thread when the bolt is turned as if fixes fo quides  thE SEICk 1S

on the inside of the maain fube. This helps the gue ~ PIACEd 0N

sfick move up and down 0P, and
EWiSted On

Due fo the wax coafing on the oufside of the sfich,

while performing this refil the users hands wil not

get sticky and there wil be no mess, and no waste



This new system and product has benefits socially and environmentally and these points are expanded
on in this section The new system ams fo not only improve the susfanability of the sfationary market
but also change they way that consumers own glue sficks and stationary in general

environmental + S0Cial imPack

environmentaily

NAtUral disP0sal of the product means that no y
processes are used, so this $aVeS energy 4 S
1, . N
P, The TE£Il method means no waste affer a gue sfick is
used, and then the SPEEd IN ERE bIOMEITALION of
\\\\‘ the casing means that there is essenfialy ZEM0 WaSte.

The SUSEQINAbIlILY £OOLPTINE is mproved as a lot of the o “.
materials used to make the products are liNked so the ® _o
o ‘."

resources volume decreases. As well as these they are NAEUTal
resourcesS and given energy back fo the earth at end of life “ :

The way that maferials are sourced from the sol, and at the

Q ; Q Q end of product life the product is disposed of in sl if

demonstrates the IMPTOYed CirCularity of the product

© environmental impack be£Ore areer
using ces eco audit £0ol 3x reduction and CO2 has over 7x
Analysis of the product was carried out with the — - reduction These figures, as well as

new materials, assuming that the new glue stick wil ~ Emboded Energy - 992 MJ + Emboded Energy - 265 MU w0 e0 ot trat the end of life of the
last around a year, and that an old one would last 3
months We found the embodied energy and C02
footprint per year:

You can see that energy has over ®

product wil be more sustanable,

shows the idea is feasible.

C02 Foofprint - O4Ykg 002 Foofprint - 0.0594kg

>

BAY

S o c i g | I 3 (Highlighting sustainability,
feasibility and innovation)

The product wil feach chidren OWNETShiP and €A ond about SUSEAINAbIlILY if they
are gven an overview about the Iifecycle of their product by their feachers Previously glue
sticks were shared in classroom, but this new system teaches them this important trait

If Covid-19 is sfil present, this idea IMPTOVES hYIIENE as ifems are not shared and
therefore germs are less lkely fo spread

All the eleMENES in the system eg materidls and form of fransport AIr¢ady
eXiSt in the world and therefore the INEETYENEION 1S £€ASibIE as no drastic
changes are needed to curvent infrastructure in the world

COSES for the product ShOUIAN’E INCrease SignifiCantly, dsposal of the
product is nafural, the new materials wil not be expensive and as the supply chain is
inked and materials become more widely avalable, this will reduce costs and is £€dSible.

The intervention is iNNOVaAEIVe
n the way that the studenfs use
stafionary, and the complete
circularity of the model, and
therefore wil hopefuly be

recognised and used

_9_
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the -p u t u e -c sing 7R To apply the idea of a stafionery pack
r o Q r c o t |‘\ C f S E d E l 0 n e r 3 2 %ﬁ’zgﬁm in the future we would need fo
pESIEN FOR D consider the design and monufacture
0 o of other stafionery products. For
H‘c Stgtloners PQCL . | 8 example, this is a skefch of the
The next step for ARC is to offer nof only glue sficks but

other refilable and reusable stafionery products such as
highlighters, pens, scissors, markers, mechanical pencils, efc R

s HOE ' would offer in these packs. Further
research should be made regarding
Faom cAp > Repuscensis the manufacture of the ink used so it

‘ M }H;A&::B;m;;‘”ﬁm‘ﬁ‘f‘ refilable system for a highlighter ARC

The idea would be for the consumer to have all these
products with the same design on their outer casing giving if
a consistent aesthetic generating a greafer connection aravicueural TePeateq cyp,
towards their stationery

RIRIDGE
PREVENTING INK INK CA

EROM DRYZNG O0T can be part of ARC’s circular system

The other stafionery and the pack would be made

from the same material used for the glue stick 0 t |-\ e r C o n S u m e r S

casing, CL bioplastic. This ensures all products are

sustanable and can be part of ARC’s circular To have a greater environmental and social impact ARC would expand ifs service and offer it to
system. The pack also makes use of a living hinge businesses and homes alongside schools and universifies. This means that they would also extend the
and the stafionary products are held inside by Two designs avalable for the casing of their stationery products since the consumers would now have very
sheefs of CL bioplastic that have cutouts of the different needs and preferences regarding the aesthetic of the product. For example, businesses
shape of' products so they can easiy slof in would prefer a more elegant and sleek design whereas students would prefer a fun colorful one

The mafching aesthetic of these packs should
again encourage the user to refain the products,

and become more atfached fo them These packs -
are also for home and business users, and are a .

way fo neafly sfore the products o » «
They wil be a suitable size to fit in q\v/E T <>

drawers

When applied, the
websife through which
the product is ordered
will have clear different
sections depending on
fhe consumer.

WhO are Jou?

bUSINESS  home

Y A
1 1 0

‘3(\(.“\\:\“'3\ rCPCQEed C',C/B
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research

http:/ /wwwmadehow com/Volume-5/Gluehtml

https://www beroeinc.com/category-inteligence/adnesives-market/

https://www grandviewresearchcom/industry-analysis/sfationery-products-market
https://www uhucom/en/more/sustainable-products

https://www priftworldcouk/en/sustanabiity/packaginghtm

https://www prittworldcouk/en/about-pritt/productionhfm

https://www ferracyclecom/en-GB/zero_waste_boxes/glue-sticks-and-bottles-en-gb
https://sites google com/sife/quatamagreenteam/elmer -s-glue-recycling-program
new SJStem

https://www paperfoamcom/

https://www.dezeencom/ 2019/06/ 13/ kartell-componibii-bioplastic-storage-unit/

https://www ansyscom/products/maferials/ granfa-edupack

https://www cpsc.gov/Business--Manufacturing/Business-Education/Business-Guidance/ Small-Par ts-for -Toys-and-Childrens-Products

http://www bio-onit/whaf php



