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Tulevaisuuskuvat elinvoimaisista bioenergiakonsepteista
Reunaehdot esitykselle ja sisalto

Tulevaisuuden kestavat bioenergiaratkaisut
Tulevaisuuskuvat elinvoimaisista bioenergiakonsepteist

— Miten korvata fossiiliset ?

= Energian riittavyys ?

— Biomassojen ja erityisesti bioperaisen hiilen riittavyys ?
= Mita tuotteita ?

= Teknologiat ja konseptit tulevaisuudessa ?
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Transition towards Solar Economy is ongoing
supported by effective circular and bioeconomy solutions
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Future energy system features:

e Security of Supply a limited resource e Energy a non limited resource

2016 2030
2016 2030
Q} 50 €/MWh 36 €/MWh 2016 2030
Q’ 47 €/MWh 34 €/MWh

80 €/MWh 47 €/ MWh

2016 2030 N

2016 2030
” 44 €MWh 32 €/MWh

e} 63 €/MWh 45 €/MWh
44 €IMWh 26 €/MWh

51 €/MWh 30 €/MWh

2016 2030

Q} 54 €/ MWh 39 €/ MWh

38 €/MWh 22 €/MWh

.

2016 2030

Chile
26,0 €/MWh

-record

Q} 62 €/MWh 44 €/ MWh

43 €IMWh 25 €/MWh

80 €/MWh 47 €/MWh

2016 2030

“ 66 €/MWh 47 €/ MWh

51 €/MWh 30 €/MWh

2016 2030

” 66 € MWh 47 €/ MWh

45 €/MWh 26 €/MWh

Clear Seasonality
Wind most competitive
Intermittent power

Low seasonality
PV most competitive
Intermittent power

NOTE: Solar and wind resources and CAPEX may largely vary by individual projects, even on same

region, thus impacting LCOE. Hence, figures are indicative and do not aim to present our geographical

preferences for given technologies but rather illustrate progress of wind and solar globally, long-term.

PV LCOE assumptions based on EU PV Technology Platform report and EU PVSEC 2015 paper (lead

author Fortum solar technology manager Dr. Eero Vartiainen)

LCOE assumptions:

7% real WACC

CAPEX, OPEX globally uniform; lifetime solar%%;{ﬁ %@ﬁtion
Wind and solar: internal assumptions that solar Fs 1]

increase by 7,5% and wind by 15% from 201678 %05p Company
Uniform 20% corporate tax assumed



Tulevaisuuskuvat elinvoimaisista bioenergiakonsepteista
Reunaehdot esitykselle ja sisilto

Tulevaisuuden kestavat bioenergiaratkaisut
Tulevaisuuskuvat elinvoimaisista bioenergiakonsepteista

= Energian riittavyys ?
= OK? mutta erityisesti pohjoisilla leveysasteilla saatavuus turvattava (aika,
paikka) => CHP:n rooli tasaavana korostuu

— Biomassojen ja erityisesti bioperaisen hiilen riittavyys ?
= Mita tuotteita ?

= Teknologiat ja konseptit tulevaisuudessa ?

i Next generation
5 Risto Sormunen energy company Q Fortum



Bi1o should relplace fossils ..

. but will there be enough biomass?

Total energy use

of which

Oil consumption

Annual forest growht
- Sustainable estimate on

annual forest growht-%
(50% of growth in FIN)

Max. potential from

agro residues to biofuels
(MTT, 2008)

World diesel
il ~12 000
aviation
123 000 A
47 500 < _
21 500 ~7 000

2,2%

~10 000

23 000 -

50 000 "
~10 000
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... we need more bio-based C

Feed: Bio ==l Products

Current processes : Liquids and

(1st gen feed and raw sing heat&power
2nd gen feeds) material 1G/2G tech. 25-30 as fuels or

3G tech 50-60 as fuels
both +20 as heat and power

Future processes Feed: Bio Proces Proces
in development raw ) sing oducts 134 as
(2nd gen. feeds) material Sing dsand  fuels

/ Proces
100 sing

Will it be more feasible to use ""extra
H," (or electricity) for CO, conversionor

Source. llkka Hannula, VTT
for some other processes? -
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End-product flexibility from various raw materials

: Main product:
Drob-in f ethanol or diesel
’ 600-700 €/t

traffic fuel

.g. furth
_ Bio-ethanol, ©.9. et _

processing of

Main products: feed for
synthetic rubber as 1.3

B_’io-di_esgl, ethanol butadiene, 800-1000 €/t
Bio-aviation
Cellulose _
woods 40-50% [ 4 Bio- ’
straws 30-40% chemicals

Main product: dissolving pulp for textiles

and/or
Main product: pulp for paper and board
Paper, board, textiles 650-1000 €/t

Main product: bio coal to boilers
and/or

Huge possibilities in new materials
Carbon fibres, activated carbon, resins,
etc. 1000-2700 €/t

Main target to turn biomasses — sometimes waste biomass - into high value end-products
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Tulevaisuuskuvat elinvoimaisista bioenergiakonsepteista
Reunaehdot esitykselle ja sisilto

Tulevaisuuden kestavat bioenergiaratkaisut
Tulevaisuuskuvat elinvoimaisista bioenergiakonsepteista

= Energian riittavyys ?
= OK ? mutta erityisesti pohjoisilla leveysasteilla saatavuus turvattava => CHP

— Biomassojen ja erityisesti bioperaisen hiilen riittavyys ?
= Mita tuotteita ?

— biomassat — ja my0s kierotalouden biojakeet — “high value* lopputuotteiksi
bioperainen CO, kiertoon => bio-CCS ?

= Teknologiat ja konseptit tulevaisuudessa ?
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Tulevaisuuskuvat elinvoimaisista bioenergiakonsepteista
Teknologiat ja konseptit tulevaisuudessa

Biomassojen kasittely ja bioenergiatuotantotekniikat

« Polttotekniikka ja laitoskonseptit kiinteille polttoaineille tai biojakeiden "esikasittely”
- Poltto: kerrosleiju- ja kiertoleijuratkaisut
- Kaasutus: biokaasujen tuotanto polttoon, kaasuturbiineille ja/tai jatkojalostukseen
- Nestemaisten biojakeiden tuotanto polttoon ja/tai jatkojalostukseen

» Polttotekniikka ja laitoskonseptit nestemaisille polttoaineille

« Polttotekniikka ja laitoskonseptit kaasumaisille polttoaineille

 Lampdlaitokset (lampdkattilat)
e CHP japien-CHP
* hyoGtysuhteen maksimointi _
. rakennusasteen maksimointi Poltettavat jakeet

Teollisuuden tuotantokonseptit ja energiaintegroinnit
e saannon maksimointi

Kiertotalouden ratkaisut ja teollisuusintegroinnit
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Bioeconomy concepts
Production and product chains

Wood and Forest residues
Agricultural residues

(i.e. so-called 2G raw materials)

* Re-products
* Nutrition proteins and fertilizer

Industrial and municipal wastes _ :
» Plastics and other chemical products

* Bio-based traffic fuels and other
biofuels replacing fossils
 Heat and Power

Sorting, recirculation
and reprocessing of
materials and wastes

) 4

flndustrial and municipal sites Wi%
pulping, biorefining and CHP, etc.

ﬁ:urther processing in Iarge-scale\
refineries or in nutrition-related
or chemical industries, etc.
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Bioeconomy concepts
Main production process options

Wil [BoEs: EelEs Fibres, high value fibres, C1 ._..C6, C>6 prpducts
) ) C1 (methanol, methane), C2 (ethanol), Drop-in transportation fuels
Agricultural residues : : :
Industrial and municipal wastes Sybthgtlc hydrocarbons, Olefins for renewable materials
Synthetic methane (SNG), Base/bulk chemicals, aromatics
(i.e. so-called 2G raw materials) Bio-hydrogen, Lignin, Solid biofuels, Fertilizers

Heat, Power, etc.
Recirculation and reprocessing of materials and wastes
Agro-based

Delivery of products
Pulpin
Ping Heat & power
) : - eneration
. bWO;’d Pasedl Anaerobic —_— Sl o 2
ro-pase . .

Wgste-based digestion -~ ‘"‘§ Further ﬂ
Agro-based Fermen- processing in

Nutrition proteins for animal feed, etc.

Hydrolysis i | large-scale
Waste-based =l tation Methanol [ reﬁ%eries o
Wood-based : i D|§t|l- In nutrition-
Waste-based nation (& lation Ethanol related or

(Organosolv) h . Chemical
Agro-based — synthesis I:> Delivery of products
Wood-based » Gasifi- Raw gas treatment: industries or
Waste-based cation 7 reforming and cooling, sulphur ' FT- E:> aper and

¢ removal, gas conditioning synthesis P g g
Wood-based » Pyr.OIy- Ng oar
SIS
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Tulevaisuuskuvat elinvoimaisista bioenergiakonsepteista
Bioratkaisuista 2020/2030 CO, ratkaisuihin 2050 ?
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