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Introduction

Royal Dutch Kusters Engineering

- Founded in 1911

- A family-owned company with a proven history of
innovation and entrepreneurship

« Leading manufacturer of high security off-line destruction
and shred handling equipment - for both banknotes and

coins

 Installed base of more than 700 systems in various
applications in over 80 countries
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Recycling shredded banknotes

Our mutual challenges which makes recycling
challenging

Relatively low volumes

Decentralised

Maturity level of local recycling markets

Waste follows the money

- Wide varity of notes
* Inks
« Security features
» Substrates
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Separation of substrates is crucial
Source separate various substrates

« Separate shred collection increases recyclability

« Separate plastics from cotton for:
« On-line destruction
« Off-line bulk destruction

- Easy to incorporate in existing or new configurations of
on-line and off-line destruction
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Banknotes shreds

Recycling process and Waste Recovery Pyramid
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Banknote Recycling Process
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The shredded banknote recycling process is often
arranged depending on the volume of the banknotes,
if these are shredded centrally or decentrally, the
maturity level of local recycling markets and last but
not least important the wide variety of notes in
substrates, inks and security features.
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The re-use of shredded and briquetted banknotes,
continues to be done worldwide in various ways. There
isn’t an overall policy or solution what to do with these
shredded banknotes, each country has a different
approach. That also depends on circumstances, costs and
options as well as which type of banknotes you have, for
example polymer, cotton or composite banknotes or a mix
of these.
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The circular economy

A circular economy is a model
of production and
consumption, where existing
materials and products are
shared, rented, re-used,
repaired, refurbished and
recycled for as long as possible
to create more value. In this
way, the life cycle of products
is extended.
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The ideal future

Currently 75% of the central banks dispose
their banknotes in landfill or incineration.
Hopefully one day we will be able to claim
that shredded banknotes have become part
of a circle with no loose ends, a real circular
economy.

The goal of Royal Dutch Kusters Engineering is
to bring the industry together to contribute to a
more sustainable cash cycle, in which the secure
destruction and re-using is an essential part.
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Banknote shred waste pyramid

Best

Prevention - A

Circular products
Technical materials
Composting & Anaerobic Digestion

Incineration

Landfill & Dumpin
ping Worst

Source: Royal Dutch Kusters Engineering -
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Landfill & dumping

Dumping in landfills does not recover any energy and
cannot be said to serve any useful purpose whatsoever.

More than the other ways of disposal this method must
bear in mind several criteria before it can be disposed like
security, technical, economical, and environmental issues.
Therefore, a reliable method for disintegrating currency is
important.

The environmental issues with dumping banknote shreds
in landfill lead us to recommend avoiding this as a
solution.
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https://www.royaldutchkusters.com/banknote-destruction-systems

Incineration

Burning the banknotes and do not use them as a source
for energy is the least environmentally friendly way of
disposal.

Unfortunately, this is still used many times because of
convenience, lack of infrastructure and it’s relative cheap.
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KUSTERS ENGINEERING
+ TRUSTED SINCE 1911+

KUSTERS

=ENGINEERING




Incineration with energy
recovery

As the briquettes have excellent combustion characteristics it
will be no problem to discharge them to controlled waste
incineration plants. Incineration is widely accepted as a
solution in dealing with the increasing amounts of household
and industrial waste generated in the world.

It is an environmentally sound solution to the waste problem,
provided that the incinerating plant is equipped with flue gas
treatment systems, thus protecting the environment against e | |
the pollutants generated during combustion of solid waste. T e -

P
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Banknote briquettes can be incinerated at normal

temperatures (900 degrees C) and no special high temperature
treatment is required. As the combustion value of briquettes is
excellent (1,6 x 104 KJ/kg), it may be a favorable additive fuel
to balance the poor combustion values of other kinds of waste.

The briquettes may also be used as (additional) fuel in
industrial furnaces.
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https://www.royaldutchkusters.com/blog/unleash-your-biogas-potential

Composting

Another sustainable solution to dispose of the unfit
banknote shreds is by composting them. This can be done
with the cotton banknotes.

With this method cash can be returned into a natural
resource. The compost can be used as soil improver. This
will help to increase the biodiversity in the soil.

Also it reduces the volume of the waste enormously.
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Technical materials

The shreds of banknotes can be used to develop new
products. Further in this document we will explain the
possibilities and future developments.
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The Banknote Recycling Study 2022

The results
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About the participants

« In total 82 countries took part
« Divided amongst 6 continents

« 97,2% were Central Banks

Oceania
7%
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Substrates and the way of disposal

Overview of what kind of substrates are in circulation and how these are disposed
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Kind of substrates in circulation worldwide

How many countries (in percentage) have which kind of substrate

Polymer only
7%

Cotton/
Polymer
21%

Mix
Cotton only 26%

63%

Polymer/Composite

Composite only
4%
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Cotton/ 1%
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Composition of substrates

in Africa

Cotton
67%
Mix

25%

Composite
8%

19 VALUE ADDING TECHNOLOGY

25%0

KUSTERS

—ENGINEERING

Cotton , Polymer

RRRRRRRRRR

EEEEEEEEEEEEEEEEEE

111111111111111111



Composition of substrates in Asia

Polymer
6%

Cotton , Polymer
23%

Cotton
47%0

Cotton,
Composite
12%

Composite , Polymer
6%

Composite
6%
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Composition of substrates in Oceania

Cotton/Polymer
40%

Polymer
60%
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Composition of substrates in Europe

Cotton , Polymer
13%

_,-o—'—"'__-__'-'_'_;_-_
Cotton
849% Mix
13%

Cﬂ Iﬁﬁﬁitﬁ*«—.______
3% T
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Composition of substrates in North America

Polymer
10%

Cotton , Polymer
T 30%

Mix
40%

Cotton
50%

Cotton , Composite
o 10%
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Composition of substrates in South-America

m Cotton mCotton , Polymer mPolymer

Cotton , Polymer
20%
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Top 4 method of disposal per substrate

In absolute numbers

29

30

25

20

15

10

ul

Cotton Polymer

Composite

m Landfill ®Burning ®Burning with energy m®Recycle
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How are cotton banknotes disposed?

* A large number of the countries chose for
landfill or burning as a method of disposal.

\

Recycle \ * Burning with energy is a solution for almost
Landfill 25% of the central banks.

34,1%

* Answers that were given at the category
other is that these are disposed as regular
waste, are used in animal bedding or is
already outsourced or sold for example to
paper mills.
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How is this divided per continent for cotton

100,00%
90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%

10,00%

0,00%
Africa Asia Oceania Europe North America  South America

m Landfill ® Burning ®m Burning with energy recovery Composting  mRecycling m Other
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How are polymer banknotes disposed?

recycle
57,9%
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landfill
10,5%

* Nearly 58% choses for recycling the
polymer shreds.

« Still 10,5% choses for the least
environmental friendly solution which is
landfill.

ROYAL DUTCH
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How is this divided per continent for polymer

100%
90%
80%
70%
60%
50%
40%
30%
20%
10% 12,5

0%
Africa Asia Oceania North-America  South-America Europe

B Burning ®Burning with energy recovery M®recylce mlandfill
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Sustainability

Is sustainability included in the organisation vision as well as processes
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Is there a sustainability policy and report

Sustainability policy Sustainability report Is this published
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Consider to change the way of disposal
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Polymer
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How would you like to organize the recycling

I prefer an in-house recycling I would like to outsource the
solution recycling to a third party or
recycling company
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Are you willing to pay more?

Are you willing to pay more if that would be better for the environment?
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Have you conducted an environmental Life Cycle Analysis?

ROYAL DUTCH
KUSTERS ENGINEERING
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Conclusions

Kind of substrates and disposal - Sustainability
- 63% of the Central Banks have only cotton - Sustainability is getting more awareness but
banknotes in circulation often it's not implemented throughout the

organisation
* Only 9,4% of these cotton unfit banknotes are

recycled currently. For polymer unfit banknotes
this is 57,9%

* Only 11% of the group publish a sustainability
report

« 2/3 of the group is not considering to change

* There is a growing number of countries which the current method of disposal

have a combination of substrates in circulation _ _ _
* The interest to outsource the disposal of unfit

* The majority of the unfit banknotes is still burned banknotes is quite high

or dumped - 50% of the group would like to pay more for a
sustainable method of disposal
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New recycling solutions
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I Hybrids
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Hybrid

Autoclave technology

« Hybrid banknotes contain both substances so polymer
and also cotton. Therefore, it's more difficult to recycle
these

- Steam autoclaving could be a solution for this. Hughes
Energy is developing a solution which was presented at
the Banknote and Currency Conference 2022 in
Washington DC

* More info on this can be obtained through Kusters
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I Cotton
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Board panel

Patented Process

Patented technology and processes

require only water, heat and pressure to

convert fiber waste into high-

performance material solutions

100% Recycled

100% recycled-content / recyclable

manufacturing solution which
competes with a variety materials both

physically and mechanically

°
Non-Toxic
Converts cellulosic wastes to a panel
product without toxic or hazardous

additives
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Waste Resources
Utilizes endless raw cellulose waste
streams including paper based fibers,
cardboard, agricultural waste (rice straw,

tomato stamps, cocoa husk etc.).
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Board panel

Board Panel example

* Mix of 100% recycled/upcycled material

» Diverting waste streams by forging locally
available fiber alloys with the banknote shreds
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Board panel applications

Sighage Interior design
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I Polymer
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Current solutions

Polymer recycling
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Current recycling solutions for polymer

« High quality polymer shreds are often
transformed into low level recycled products

« Therefore most recyclers mix the shreds with
other plastics and downgrading the quality

=
+ /- 90% of other plastics

__—

} + /- 10% of recycled polymer banknote shreds

Source: Note Printing Australia \ Replas
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Latest developments

Polymer recycling
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Latest developments
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Made by Kusters Engineering

*« 60% Euro cotton shreds

* 40% Recycled paper fibres

Side table
* 100% UK polymer shreds

KUSTERS | omioven
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Furniture, 100% made from polymer shreds

Side tables Dividers Plant pots

B BYAYAY .
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Recycled banknote solutions
By Royal Dutch Kusters Engineering

« Fully made of banknotes

e Circular

* Open for large scale trials now

\\\\\.{\\\\\\\\x\x\s\\\\&\.\\\\\‘.\\\\\\
PRI |
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I Additional info
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Various blogs on

Turning cash into a natural
resource; Recycling banknotes
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recycling banknotes

Environmental re-use of
shredded banknotes
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https://www.royaldutchkusters.com/blog/turning-cash-into-a-natural-resource-recycling-banknotes
https://www.royaldutchkusters.com/blog/environmental-re-use-of-shredded-banknotes

More information

01

Kusters started new
initiatives so durable

and sustainable
products can be made
for both types of
banknotes, if collected
separately without
cross contamination.
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02

You can request
with our

specialists to discuss
the possibilities for
re-using shredded
cotton or polymer
banknotes.

03

If you want to know
more about our

upgrade solutions to
handle polymer
banknotes, please
download our
leaflet: '
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https://www.royaldutchkusters.com/contact-our-expert
https://www.royaldutchkusters.com/download-from-cotton-to-polymer-leaflet

Case studies

Cotton and Polymer recycling
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Bank of England

Method of disposal for cotton and polymer banknotes

Cotton banknotes

« The Bank of England has already experience with
several steps in the waste recovery pyramid.

« Until 1990 their banknotes were burned, and the heat
was captured to warm up the Bank of England.

* In the early 90's they moved up from this method
because it was not as environmentally friendly and
efficient as expected.

* In the early 2000's they started to experiment to
recycle the old bank notes by composting them. The
latest huge operation was in in 2020 to recycle all
their £ 20 cotton banknotes and recycle them to be
used as a soil improver for the agriculture. It was the
biggest cash replacement in UK history.
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Polymer banknotes

- In 2016 the Bank of England started with the polymer

banknotes. One of the reasons they moved to polymer
is because of the life cycle of these polymer notes, they
last around 2,5 times longer than paper banknotes. If
you want to read more about the life cycle of banknotes
click here.

Polymer banknotes cannot be composted like cotton.
The polymer banknotes are returned for destruction and
turned into pellets. To recycle the polymer banknote
shreds, they are often mixed with other plastics and
then can be heated and pelletized at high
temperatures. Subsequently, the pellets can be put in
moulding to make low quality recycled plastic items.

ROYAL DUTCH
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https://www.bankofengland.co.uk/freedom-of-information/2019/questions-about-banknotes-to-be-printed-and-recycled-plastic-used-in-polymer-banknotes

Pakistan Security Printing
Corporation (PSPC)

Method of disposal for cotton banknotes

« In 2021 the PSPC started a project to explore how to dispose
wastepaper through composting.

« They composed with a mixture of cow manure and banknote
waste. This mix was turned into piles which needed to be turned
because of the oxygen flow. They tested in several mixes so
50/50 (cotton/cow manure), 70/30 and 60/40 The composting
took 2-3 months, but the first results were already established
after two months. The 50/50 mix gave the best results. The
compost did meet the quality compost standards and there
weren’t found any heavy metals, The cotton did add beneficial
nutrients to the manure.

« Conclusion is that composting reduces the CO2e emissions.

« PSPC also tested composting with unfit banknotes and is PSPC
confident that its composting approach can be scaled up,
especially because they have found methods to automate the
turning of the compost piles. They are planning a 3,000 m2 site.
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Reserve Bank of Australia
Method of disposal for polymer banknotes

« Reserve Bank of Australia is recycling their polymer banknotes.

« They are first shredded into small confetti-like pieces and then passed
through a special machine that melts the shreds and generates pellets from
it.

« These pellets can be used as raw material for recycling into other products

like building components, plumbing fittings, compost bins etc. like you could
also see earlier in this document.
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Other examples or developments

Method of disposal for cotton and polymer banknotes

« Bank of Japan is recycling unfit banknotes as toilet
paper.

* From 2023 onwards the European Central Bank expects
from all their National Central Bank not to dispose unfit
banknotes in landfill.
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Thank you

jeroen.kusters@rovaldutchkusters.com

www.rovaldutchkusters.com
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