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Final report on the project

Project key figues:

* topic: energy system fully based on renewables
* 4 years: 2014-2017

* budget in total 10 m€

* 3 Finnish Research Partners (VTT, LUT, FFRC)

« Partners: 15 industrial, 3 NGOs, 5 international
- 2 Start-up companies (Soletair, Solar Foods)
500,000 Twitter impressions

* 1000 media hits (80% international)

* 70+ scientific publications
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http://lwww.neocarbonenerqy.fi/library/reports/
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What may be possible futures?

* Holistic, transdisciplinary and whole-of-society
perspective on energy system.

* Focus on possible societal disruptions and
transformations enabled and fostered by the
renewable energy system.

« The main objective: characterise possible socio-
economic futures related to neo-carbon energy
system.

» What kinds of societal — economic, cultural,
political and lifestylesrelated — changes does
the neocarbon energy system promote and
enable?

oo * Four transformative scenarios 2050

VALUE-DRIVEN GREEN DIY
TECHEMOTHS ENGINEERS
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Energy System View

GLO BAL O\/E R\/l EW WlTH LUT The transition towards a 100% renewable power

system is technically and economically feasible

EN ERGY SYSTEM TRANS'T'ON MODEL assuming current cost reduction trends.

70 €/MWh
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Electricity generation [JJ] Storage ] Curtailment Transmission @@ Renewable energy share

COST OF ELECTRICITY IN 2015: 70 €/MWh COST OF ELECTRICITY IN 2050: 52 €/MWh
FOR FOSSIL BASED POWER SYSTEM FOR SUSTAINABLE POWER SYSTEM
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Energy System View

22'Tw;;"glél;a;l Ea‘pacity

Solar PV based system
Wind turbines based system
B Hydro power based system

Technologies mix based system
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Impact: Energy Globe Award
Global Internet of Energy: http://neocarbonener
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Hydro Dam
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® Import
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Waste Power Plant

Geothermal Power Plant
Battery discharge System
Battery discharge self-consumption

Pumped Hydro Storage discharge (g 12 18 00 06 12 18 00 06 12 18 00
A-CAES discharge

Steam Turbine DAY

Gas turbine 77. 87 97. 10.7.

Power-to-Gas (Methane) M O NTH

Battery charge System

Battery charge self-consumption

Pumped Hydro Storage charce

A-CAESq|

Demand 3, N EO
", CARBON
" ENERGY



https://twitter.com/MahdiFasihi
http://neocarbonenergy.fi/internetofenergy/
http://neocarbonenergy.fi/internetofenergy/
https://twitter.com/ChristianOnRE

Results for the Nordic

ENERGY
CONSUMPTION

Conclusion:
Hourly energy demands
can be met by
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Conclusion:
Wind and solar are
important future resources

2050
ISLAND CASE
299 TWh

Expanded roles for biomass,
wind and solar energy

No GHG emissions

100% renewable energy system
is very energy efficient!
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ISLAND CASE
2050 /78 GW

Significant roles for
solar PV and wind power

PV prosumers may play
an important role

Balance provided by CHP and
condensing power plants utilising
biomass and sustainable gas

Hydro retains important role

2050
INTER-
CONNECTED

CASE
272 TWh

Expanded roles for
biomass and wind

Role of imported electricity

Fossil fuels still used as
industrial raw materials

INTER-
CONNECTED
CASE
2050/ 41GW

Wind power dominates
over solar PV

PV prosumers have no role

Condensing power plants
using renewable fuels
provide additional flexibility
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Hyrdocarbons in future

CARBON DIOXIDE

Hydrocarbon from
air and sunlight
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ELECTRICITY PRODUCTION O PRODUCTION rropuer R '
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1ese asoline MTBE
Key insights: Mixed N7 S ° Acetic Acid
- PtX enables sustainable production of hydrocarbons A% .Fiseher;fropseh :
- Inredients: electricity, water, air & F°"“a'de“y:e H
- w/o PtX COP21 agreement would be wishful thinking X 3 2B
» Profitability from 2020s/ 2030s onwards e ff cuzo Yo -
* Global hydrocarbon downstream infrastracture usable "C4‘W< \ ,M e;hi';c" Sneolne
* Most difficult sectors to decarbonise can be managed H,0 El %c e
with PtX (aviation, marine, chemistry, metals, etc.) Purity v A
 CO, direct air capture is part of PtX _ btzo
froXg 2 ) e
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Electricity based fuels

FUTURE OIL IS PRODUCED NEXT TO THE CHEAPEST
ELECTRICITY AND TRADED GLOBALLY

Cost (€/MWh,
higher heating value)
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PRODUCTS AT THE PUMP

SOLETAIR fuel production y
cost in Patagonia 75 €/MWh »
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SOLETAIR fuel production cost in West Europe 95 €/MWh

’ so1.gmmL fﬂim

Shipping SOLETAIR OIL
delivered to
Rotterdam

100 €/TONNE CO, EMISSION COST
50 €/TONNE CO, EMISSION COST

SOLETAIR  FOSSIL DIESEL,
PRODUCTS PRE-TAX
FROM AIR
2030

from Patagonia 76 €/MWh SOLETAIR fuel production
cost in Japan 120 €/MWh

* % SOLETAIR fuel imported
; from West-Australia 86 €/MWh

SOLETAIR fuel production
cost in West-Australia 85 €/MWh

FUELS FROM CO,
ARE BECOMING
COMPETITIVE

The cost estimates for producing SOLETAIR liquid
fuels are around $170/bbl (0.80 €/1) between 2030 L4t

o . - W
and 2040 if produced in a favourable location, for "v v
example in Patagonia. Such prices were reached for L L r
fossil crude oil in 2008 iy e
ossil crude ol in 2008. beVY Pet
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CO, in a circular carbon economy

No new CO, emissions - switching to a circular carbon economy

c% n co,

REFINING AND USE REFINING AND USE
FOSSIL FOSSIL
CARBON CARBON
TODAY FUTURE:
NEO-CARBON
ENERGY
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How to source CO, in future

CO, can be captured from large point sources such as pulp mills. POTENTIAL IN THE
Mapping of large CO, sources in Finland revealed that BALTIC SEA REGION
57% of CO, emitted is I rom wood combustion. Pulp & Paper mills’
wood-based CO, emissions
as a source of carbon.
in Finland inEU
ANNUALLY:
L | 57% (O 10%
33 Mt CO Biogenic CO, 410 Mt CO Biogenic CO, 40
170 TWh' 43% 2000 TWh 90% MT CO,
Fossil CO, Fossil CO, 20 0
TWh
Biogenic CO, emissions from stationary sources and FUEL PRODUCTION

the potential of CO, based fuels POTENTIAL

PN T
Ty Y

Key insights:

+ Sustainable CO, sources are limited (finally
only biogenic, limestone part of cement mills
and waste incinerators)

 CO, direct air capture will emerge to the main
source of CO, as a raw material

i lmf[ ﬂ_ lf “;&E:. ala |+ In addition CO, DAC is needed for negative
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Grid Stability in a 100% Renewable System [t
POWER GRID STABILITY

Today large, heavy electric generators in power plants provide resistance
to any change in grid frequency. They have high synchronous inertia.

0Co
Ooo

TODAY FUTURE
Large heavy generators Cloud of small, programmable generators
with synchronous speed and loads even without moving parts
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Food from Electricity

Neo-Carbon Food is a microbial process. Protein production takes place in a reactor

T H E |:> R| N C | |:> L E suitable for microorganisms to grow and divide. The energy of the process is electricity,

and carbon dioxide is the carbon source.

NUTRIENTS & CARBON DIOXIDE

WATER VITAMINS CAPTURE
é C3 ) (co, j«
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RENEWAELE BIOPROCESS PROTEIN FOOD
ELECTRICITY
NEO-CARBON FOOD
PRODUCTION REQUIRES
9 O% LESS LAND AREA
COMPARED TO CONVENTIONAL
FOOD PRODUCTION. .+« NEO
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Investors’ view on energy futures

INVESTORS VIEW:
THE MISMATCH OF TECHNOLOGY
HYPE AND INVESTMENTS

VOLUME OF INVESTMENTS

EXPECTATIONS
L, ccu -
Carbon capture Elec_trh:lty g_nd
and utilisation integration
Intelligent Wind dB'° power
electricit ind|an
marks;: smarthome ) sollar power
Geotherma
PEAK OF ccs
H?cirogen bat\_ed £xNFLATED | Carbon capturé Battery strorage,
steel reduction and storage electric vehicle
Direct CO, Syntlfwtilc
fir capture Hels
Neo-Carbon
Food
—
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Key insights:
 There are several possible energy futures
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* 100% renewable energy is technically feasible and
economically viable (Finland, Nordics, Europe, Global)

« Key components: solar PV, wind energy, battery, PtX (CCU)

 CO, direct air capture will be very important

* Food from electricity can resolve area limitations

* Investors are key for a successful transition
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Thank you for your attention ...
... and to the team!

TRUST IN RENEWABLE.

The authors gratefully acknowledge the public financing of Tekes, the Finnish Funding Agency for Innovation, for
the ‘Neo-Carbon Energy’ project under the number 40101/14.
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all publications at:
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