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=T 4.000 pecple in the region. With future | ]
investments in the bio- and circular economy byproducts

(such as Boreal Bioref, Kaidi). the employment
effects in northern Finland are estimated at
2.000 persons.

From waste
into profitable
business

Finland has great potential to utilise indusinial
side streams (84 million t/a), which are currentiy
classified as waste.

Services and
housholds
2.800
Industry
a.115

Electricity. gas. heat
and AC maintenance

1.147

Source: Waste statistics 2013,
Construction Statistics Finland

15,137

Mining and
excavation
67.958

of waste is
non-household
generated.

96%

Utilisation categories include neutralisation.
circulation of nutrients, excavation.
landscaping. soil enrichment. building

VISION

Lapland world's
leading arctic
bio- and circular
economy region

Business
potential

2000

products, water treatment.

CE-approved recycled
materials from industrial
side streams:

The annual use of ferrochromium slag in road construction

The current value of Lapland's
industrial symbiosis and the
potential of the bio- and
circular economy
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B cCurrent value

Potential

{£00.000 tonnes) saves 600,000 tonnes of virgin gravel
and rock aggregate and reduces road construction
carbon dioxide emissions by 200.000 tonnes.

Sourcea: Outokumpu plant in Tornio
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ECOSYSTEM OF ARCTIC INDUSTRY

Kemi-Tornio's circular economy innovation platform

» Worlds northernmost hub of bio-, mining-, i Kemi-Tornio-Eco-industry zone

L ;V f‘MA-Mineral
inicipal Waste ine
Company

metal industry and services

» 1,7 Mt of by-products and residues

'mm,

(excluding waste rock)

» Responsible for 80% of Lapland’s industrial \
e 7 N\ Kemi-Tornio
gggf% I~ Ahmg?:péristé
plant §eyy d@opment platform

Kemi :

production, with over 5 billion EUR of

Savaterra yvaste

exports annually (7-8 % of the total export

value of Finland)

» Industrial symbiosis estimated at 700

L M \ =y Ikea wind project
' ‘ N ' farm project

million EUR annually DIGIPOLIS .
) xemi  LAPIN AMK
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MAIN INDUSTRY SITES IN KEMI-TORNIO REGION

Metsa Board and Metsa Fibre Kemi mills
- World’s northernmost Ilnerbo'ard production site MetsiBoard
- World’s northernmost pulp mill

.. MetsaFibre
Outokumpu Chrome Kemi mine
- Europe’s biggest chromium mine
outokumpu
. . )
Outokumpu Tornio stainless steel mill and ferrochrome smelter W)
- Outokumpu's site in Tornio is the most integrated stainless steel mill in the world ’
- Europe’s biggest user of recycled steel
Stora Enso Veitsiluoto Mill in Kemi
- World’s 2" northernmost pulp mill
- World's northernmost paper producer with three paper machines LA
- Oldest sawmill in production in Northern Finland
Manga LNG liquid natural gas terminal in Tornio 2018 (O)Manga
Lng

DIGIP®@LIS et LAPIN AMK '

Lapland University of Applied Sciences
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FURTHERING THE CIRCULAR ECONOMY Industry byproducts

AND BIOECONOMY IN LAPLAND IN 2012-2016 utilised

Lapland EU's model region & 13,6 Fiss model Recagnition for work '
Where did it all begin?

772014 SR 10/2014 21 September 2016

European Commission's selection: Work carried out by the Kemi—
ll / 20]2 Lapland EU’'s model region in FISS workshops, Finland Tomio region & Lapland and
sustainable processing of natural benchmarking, business Digipolis and partners:
The key players of Kemi—Tomio = resources = potential Key project of Sitra's
industries and industrial services Fmnish circular

were interviewed in the side-stream economy action plan

evaluation of needs.

Development of operations

2014 Expansion of =y 2017 mp

8 Prioritisation of {" Side-stream recognition tool development together with ﬂperat“"ls Implementation
industries across sectoral boundaries. o -
developme"t taSks Development of measures furthering the systematic of Sitra's action
process and taking the matter forward 20'5_201 6 plan
4/2013 ?:z?:ﬁglﬁ:m Entire Lapland'’s big industries involved in
R v development. Synergies between mines and
Frionsahon of developrment taskes total volume: the processing industry, and entry of new
e ke;;n%i);(tarrizlosfénwciicu:gles and service businesses. Expanding the process
1.4 million . . Over 100 trucks to northern Finland, northern Sweden and
tonnes annually o =-gp op day northem Norway.

0142020 Ll and Unvonr uity oF AQplnd Swes

DIGIP®LIS the EU LAPIN AMK
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1 700 000 t of Industrial by-products

Identification Characterisation Recognition
Ferro-Chrome Slag 650000 5 MODERN CLUSTER
Steel Slag 400000 5 OF ARCTIC INDUSTRY
Lumpy rock 220000 : ctic natursi ‘

Sawmill by-products 170000 : DIGIP@LIS
Calcite +Filter Dust 60000 E Lapland EU’s model region in moderna
Burnt Lime/Slaked Lime 30000 ' cluster deveiCutl
Fly Ash 22000, -
Fiber Clay 20000
Water Purification Precipitate (Steel) 20000 3
Dolomite- Bricks 20000 -
Clacite 15000 =
Biosludge 12000, :
Ferro-Chrome Underflow 10000 Classification
Debarking Waste 9000
Fly Ash 7000 Classification Examples of utilization
Green Ligour Dregs 6300 Supporting materials Agriculture and road construction, concrete aggregate,
Filter Dust (Lime) 5000 mining areas
Green Ligour Dregs >000 Bases pH control, liming and soil amendments
Bottom Ash 4000
Fly Ash 3000 Organic matter Landscaping, combustion
Knot Reject 2500 Ashes Agriculture and road construction, soil amendments,
Bottom Ash 2400 mine filling
Burnt Lime 2000
Packing materials Sealing layers of landfill sites
MgO-C Bricks 2000 g glay DIGIP@LIS
Bottom Ash 1500 Symbiotic products Multiple uses
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Utilisation of the arctic natural resources

— Lapland’s Arctic Industry

Arctic Spring, Investment boom in Arctic regions

* Industrial- and mining service companies receive
orders worth of hundreds of millions.

* International-industry standards, HSEQ
* Cleantech — growing need of sustainable solutions
* Enhancing Circular Economy

* |nternationalization in home
market, glocalization

* Internationalization in the
surrounding countries

* Own products and services

LAPIN AMK '

Lapland University of Applied Sciences
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6 World class exploration
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ARCTIC BUSINESS CONCEPT ABC

Modern Cluster of Arctic industry —
Sustainable utilisation of the arctic natural resources

SR

Model region to demonstrate EC new wave .
cluster policy:

* The region possesses the vast deposits of
natural resources and pristine nature

* Lapland has potential to become one of the
leading regions in the world in the sustainable
exploitation of natural resources

* The region should focus on refining of Arctic
natural resources in a socially and ecologically
sustainable manner, combined with high

Mining sites

value added generation from natural Ol
resources in the region Srecul ot
“ Chromium
* Focus on to maintain the balance in the RS e DIGIPALIS
sustainable development Forestry land 48 940 kn?

y . 2
' Finland. ¢+
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Circular economy can be boosted through long-term systemic changes,
quick experiments, scalable solutions, and stimulation of demand

. . Cooperation with European
. CE in public : .
Tpe (Ereatlon of procurement WCEF 2017 — World’s Climate Foundat}o.n — CE as
indicators for first global CE forum a means for mitigating
Finnish road climate change

map to a CE

A list of the most

Policy actions interesting CE

Large and small

o for creating projects, and actions in
Financing for functional hari municipalities
revolutionizing d h K Alist of the Sharing
transport in omestic market most interesting best practices
regions companies in the
CE in Finland . e 1 s .
Finnish industrial
Regional CE Centre in Kemi
fsus(;alnable CE to become a part of
0od system education and future decision- CE demonstration plant
making: CE in study programs of for recycling valuable metals of waste
schools and universities electrical and electronic equipment

SITIRA



Kemi CE Centre Advisory Board

10.

CENTRE FOR CIRCULAR ECONOMY

Martti Sassi, Senior Vice President — Head of Operations,
Outokumpu Tornio Works

Juha Makimattila, Mill Director, Stora Enso Veitsiluoto Mill
Kari Ala-Kaila, Vice President — Technology , Metsa Fibre
Mikko Korteniemi, General Manager, Agnico Eagle Finland
Kittila Mine

Jukka Jokela, General Manager/Project Manager, Anglo
American - Finland AA Sakatti Mining

Jari Hietala, National Division Leader, Eurofins
Environment Testing

Juha Koskinen, R&D Manager, Tapojarvi Oy/ Hannukainen
Mining Oy

Tuula Sivonen, Regional Manager, The Federation of Finnish
Technology Industries

Kimmo Heikka, Managing Director, Kemin Digipolis Oy

Heino Vasara, Sector Manager, Centre for Economic
Development, Transport and the Environment

K cem

. Eija Virtasalo, Head of Financial Unit, Centre for

Economic Development, Transport and the
Environment

. Eira Luokkanen, Head of Unit — Environmental

Protection, Centre for Economic Development,
Transport and the Environment

. Jyri Seppaila, Director — Centre for Sustainable

Consumption and Production, Finnish Environment
Institute (SYKE)

. Eero Yrjo-Koskinen, Secretary General, Finnish

Network for Sustainable Mining and Director, Green
Budget Europe

. Riikka Aaltonen, Senior Adviser — Mineral Policy,

Enterprise and Innovation Department, Ministry of
Economic Affairs and Employment

. Kari Herlevi, Project Manager — Circular Economy,

Sitra

. Nani Pajunen, Leading Specialist — Circular Economy,
Sitra

. Olli Dahl, Professor, Aalto University, Clean

technologies research group

. Riitta Rissanen, Managing Director, Lapland

University of Applied Sciences

. Tero Nissinen, Chair, Mayor, City of Kemi

LAPIN AMK '

Lapland University of Applied Sciences
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Finnish industrial circular economy centre - established in Kemi in 2017

In partnership with the Finnish Innovation Fund Sitra, City of Kemi, Digipolis — Kemi Technology Park and
Lapland University of Applied Sciences

THE MAIN STRATEGIC FOCUS AREAS OF CIRCULAR ECONOMY CENTRE

First industrial circular economy centre in Finland with national level mandate
/ Developing networks

Arctic Industry and
Circular Economy

A o Cluster _—~

-’(xsm. DIGIP@LIS
N

Network of industry &university experts and intermediaries

LARINCANK

| Promoting. g
| entrepreneurship

Circular
|~ and systemic Lircular economy

RDI & education
Qha['g! AL L

National level goals: competence building in industrial circular economy, spreading the operating
models of the Kemi industrial circular economy in Finland

Regional/local level goals: new investments and jobs, contribution to sustainable and resource efficient
industry modernization, cooperation culture

KKEMI LAPIN AMK' DIGIP®LIS

Lapland University of Applied Sciences
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OPERATIONAL MODEL FOR REGIONAL/LOCAL
INDUSTRIAL CIRCULAR ECONOMY PLATFORMS

Description of the operational model for local/regional industrial circular economy platforms, largely based on
the experiences of the Kemi-Tornio in 2012-2017

Eight major pillars - to be regionally/locally adapted taking into account the local industrial background and
features

FURTHERING THE CIRCULAR ECONOMY Industry byproducts

Kemi-Tornio

srcuier sconomy ECOSYStE@m
\ 5 >

o AND BIOECONOMY IN LAPLAND IN 2012-2016 utilised
Recognition for work «

20 apand EU. T
apland EL
Il/ 12 o of hops, Finland

-

Expansion of
n operations -

Prioritisationof ~ &w
development tasks %o

Implementation
of Sitra's action
plan

’_ . — S Process kg the e frward 2015-2016
7 T e 4/2013 27 e Entee Laplarsts i vk ichved in
b — Protsssn ol gt ks B totalvolume: %%"?E
pots EE iy = sy | R
DIGIPGLIS ! theEl  LAPIN AMK'
-
DIGIP@LIS xemi LAPIN AMK

Lapland University of Applied Sciences
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DESCRIPTION OF OPERATIONAL MODEL: EIGHT PILLARS

1 Identification of the needs of companies considering industrial symbiosis activities
2 Gathering of stakeholder network: companies, R&D organizations, public authorities
3 Concrete start-up activities: industrial pilots & public-private initiatives

4 Toolbox of Industrial Symbiosis: information on possibilities (know-what), instructions on practical utilization (know-
how), information sources (know-who)

5 Communication on the possibilities, first success stories and events of industrial circular economy
6 Trust building, including e.g. practices and instructions regarding dissemination of industrial symbiosis information
7 Benchmarking &networking : regionally, nationally, and internationally

8 Priority in the needs and possibilities of the participating companies DIGIPRLIS “ewi  LAPIN AMK

Lapland University of Applied Sciences
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Network of eco-industry parks in Finland

Kemi [DIGIP(‘LIS }

'y
Kokkola ’\\DUS'RIA.PHK

o (Prizziech]

Forssa [

] Kemijarvi

Turku

LAPIN AMK '

Lapland University of Applied Sciences
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Nordic Industries
Story of Natural Resources Refining

Global Markets
Good Connections
Arctic Solutions
Cleantech Solutions
5 Bio Refineries

32 Sawmills

16 Mines

5 Metal Refineries
2 Aluminium Smelters
1 LNG Refinery

2 Chemical Plants

DIGIP®@LIS
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"o ’ ) v (Ostergotland County)
DENMARK *
A Kalundborg
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: B2 o (Sjaelland)

A forum/club to promote joint Nordic

initiatives in the field of Industrial Symbiosis M P00, )

Creating a Nordic network of Industrial Symbiosis actors

Core partners at the start-up phase: Kalundborg (DK), Kemi-Tornio (FI), University of Linkoping (SE),
EYDE Cluster (NO). Nordregio, and Nordic Council of Ministers actively promoting the starting phase

® Introduction at the World Circular Economy Forum, Helsinki in 2017

B Not a closed club; new partners invited to join the network. New partners 2017-2018 include Paper
Province, Varmland (SE) and ECO3, Nokia/Tampere (Fl)

@ Nordregio



CENTRE FOR CIRCULAR ECONOMY

.

CENTRE FOR CIRCULAR ECONOMY '1 CENTRE FOR CIRCULAR ECONOMY m
= —

Summary of Challenges \
+ Long: ic work: chall for all utilisation applications is development of the . i *

operating culture X (*
+ Promoting the use in smaller projects ' - A"’""”‘” AHMAY ecoum s
= Data bank for SMEs, at local level EUROPE’S FIRST INTELLIGENT BICYCLE AND WALK PATH USING INDUSTRIAL RESIDUES

Potential users are not aware of the potential of industrial by-products and residues — measuring RENWE‘WS;MWWMW

I~ OKTO
and communication OTHER INTELLIGENT TRANSPORT NSO
RA SLAG scremzeprmy
SYSTEM APPLICATIONS ASH R
™M ULATION®,  Fiy asyy

Producers are not aware of the potential utilisation sites

+ In large projects utilisation of by-products and residues should be taken into account at the design WS
stage
+ The operational model: from the need / from the supply = lab tests = real life pilots = scaling to g \
sustainable solution through eco-innovative business models with process owner CIRCULAR ECO%MV |KIBUSTRIAL CLUSTER INNOVATION PILOT:

s,

Business model — creating and sharing win-win - i ion — shared r
(productization)

. ishi y ic operational culture is needed = Activation and cooperation of

authorities, icipalities, industry, industrial services etc. DIGIP®LIS

LAPIN AMK DIGIP@LIS

CENTRE FOR CIRCULAR ECONOMY m CENTRE FOR CIRCULAR ECONOMY m
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Biofuelrefinery project in Kemi

LAPIN AMK’ L iarpin Koem (®) Kami wedls DIGIPGLIS 7 ' BiciPeLis D I G I P(\ L I S



Sustainability Assessment Tool (SAT)

v" Sustainability of the mills means assessment of environmental,
economical and social issues with legal aspects using proper
metrics. It also covers Regional Economic Dimension (RED)

v" The purpose was to develop a “simple” tool for evaluation the
sustainability of process industry

(Images: http://www.goodnewsfinland.com/archive/themes/mining-industry-2/eco-efficiency-in-mining-courtesy-of-finland/, 19.11.2012,
http://www.energy-enviro.fi/index.php?PAGE=2906&NODE _1D=2906&Archiveld=319&ArchiveSelect=200607, 19.11.2012.)

' Aalto University
School of Chemical (
B Technology



http://www.goodnewsfinland.com/archive/themes/mining-industry-2/eco-efficiency-in-mining-courtesy-of-finland/
http://www.energy-enviro.fi/index.php?PAGE=2906&NODE_ID=2906&ArchiveId=319&ArchiveSelect=200607
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Thank You! '

Interested in to do co-operation?
Contact: kari.poikela@digipolis.fi

Please visit: www.teollinenkiertotalous.fi

Kari Poikela

Projektijohtaja, Teollinen kiertotalous
Project Director, Industrial Circular Economy
Tietokatu 6

94600 KEMI il
mob. +358 50 435 8283
kari.poikela@digipolis.fi

LAPIN AMK

Lapland University of Applied Sciences
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