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CHALLENGE (1/2) 
INTRODUCTION

In Paris COP21 meeting the participating
countries agreed on the target of 1.5 °C 
for global average temperature rise by 
2100 from pre-industrial level. It requires 
net-Zero CO2 emissions from energy 
sector by 2050. How to reach this in the 
given time window?
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CHALLENGE (2/2)
INTRODUCTION

The main contributors to energy sector 
GHG emissions are the burning of 
coal and gas for electricity and heat, 
use of oil for mobility, and industrial 
use of fossil fuels.
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SOLUTION
INTRODUCTION

We have to transform the whole
fossil energy and feedstock
base of our industries to 
renewable one.

We have to implement circular 
carbon economy, which is 
scalable, net-CO2 emission free, 
is based on mass-produced 
technology (to be scalable fast 
enough) and is not tightly 
bound to the land use.



With P2X process hydrocarbons (e.g. 
fuels) can be synthesized from 
electrically produced hydrogen and 
captured CO2 through thermochemical or 
biochemical route.

POWER-TO-X
INTRODUCTION
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FLEXIBLE FUTURE?
INTRODUCTION

Future flexible energy system will be 
mainly based on the mass-produced 
solar and wind power. The whole energy 
use will be directly or indirectly electrified. 
Flexibility to the electricity system will be 
built with energy storages and demand 
response technologies.



Finnish pulp and paper industry produces 
36 Mt/a of CO2, fossil fuel combustion is 
responsible of 60 Mt/a. By converting this 
bio-CO2 to methane with P2G we would 
have ~170 TWh of gas. This equals the 
energy content of yearly oil & gas use in 
Finland, Estonia and Latvia. However,
We will not have unlimited source or low-
cost renewable electricity.

FINLAND & CO2

INTRODUCTION

The carbon footprint of lime kilns. Manning, 
R., Tran, H., et al. TAPPI 2010
Presentation of H. Karjula & T. Tynjälä



2016            2030

44 €/MWh   32 €/MWh

44 €/MWh   26 €/MWh

2016            2030

54 €/MWh   39 €/MWh

38 €/MWh   22 €/MWh

2016            2030

66 €/MWh   47 €/MWh

45 €/MWh   26 €/MWh

2016            2030

62 €/MWh   44 €/MWh

43 €/MWh   25 €/MWh

2016            2030

66 €/MWh   47 €/MWh

51 €/MWh   30 €/MWh

2016            2030

63 €/MWh   45 €/MWh

51 €/MWh   30 €/MWh

2016            2030

50 €/MWh   36 €/MWh

92 €/MWh   52 €/MWh

2016            2030

70 €/MWh   50 €/MWh

80 €/MWh   47 €/MWh

2016            2030

47 €/MWh   34 €/MWh

80 €/MWh   47 €/MWh

Low seasonality
PV most competitive
Intermittent power

Clear Seasonality
Wind most 
competitive
Intermittent power

Source: Per Langer

The wind power and solar PV electricity cost estimated in 2014



Solar PV electricity cost estimates in 2018 (2014 estimates already outdated)

450 €/kWp @ 2025



 Instead of coal, hydrogen will be used
as a reducing agent in the prodtion of 
the iron

 The process can cut the CO2
emissions more than 90 % when
hydrogen is produced with renewable
electrcity by water electrolysis

 HYBRIT project by LKAB, SSAB and 
Vattenfall: 
http://www.hybritdevelopment.com

Case 1: Hydrogen-
based steel making



Source: Eemeli Tsupari, 
VTT, Neo-Carbon 
Energy, 
www.neocarbonenergy.fi



Case 2: Power-to-Liquids (solar+wind)

http://www.neocarbonenergy.fi/wp-
content/uploads/2016/02/13_Fasihi.pdf



http://www.neocarbone
nergy.fi/wp-
content/uploads/2016/0
2/13_Fasihi.pdf
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https://www.theguardian.co
m/environment/2018/feb/04
/carbon-emissions-negative-

emissions-technologies-
capture-storage-bill-gates

https://www.theguardian.
com/environment/2018/fe
b/04/carbon-emissions-
negative-emissions-
technologies-capture-
storage-bill-gates
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REFLEX

Site: www.soletair.fi, so far at least 35 Finnish media hits and 
more than 100 international media hits

http://www.soletair.fi/
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