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INTRODUCTION A

CHALLENGE (1/2)

In Paris COP21 meeting the participating

@ Country
countries agreed on the target of 1.5 °C ; pledges for
for global average temperature rise by =0 pgl _ }030*\
2100 from pre-industrial level. It requires — — AR
net-Zero CO, emissions from energy 584 ‘
sector by 2050. How to reach this in the £ S 200 ,.
given time window? Hislorical emissions 1]
=
]
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INTRODUCTION

CHALLENGE (2/2) [ i———"—"

Transportation 14%

_ _ _Electricity& heat
The main contributors to energy sector O -

GHG emissions are the burning of
coal and gas for electricity and heat,
use of oil for mobility, and industrial
use of fossil fuels.

Land use
change 18%

 Agiculture 13%

Waste

WORLD SOQU STITL S
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INTRODUCTION

SOLUTION

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.

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

m

REFINING AND USE REFINING AND USE

FOSSIL CARBON FOSSIL CARBON

TRADITIONAL OIL PRODUCTION NEO-CARBON ENERGY
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INTRODUCTION A

POWER-TO-X

With P2X process hydrocarbons (e.g.
fuels) can be synthesized from
electrically produced hydrogen and

captured CO, through thermochemical or : | S
biochemical route. '

Electricity
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INTRODUCTION

FLEXIBLE FUTURE? & 20

I AT
SOLAR AND WIND

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. .’T\

Flexibility to the electricity system will be ./ _—

built with energy storages and demand
response technologies.

NEOCARBONISATION / STORAGE
BRIDGING /

~ NEO
. CARBON
%" ENERGY

opportunities
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INTRODUCTION

FINLAND & CO,

Finnish pulp and paper industry produces
36 Mt/a of CO,, fossil fuel combustion is
responsible of 60 Mt/a. By converting this
bio-CO, 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.

Kiln Gas

66.4 Natural Gas

21.6 Wood

1042 (88)
Pulp

Lime White Liquor
Lime Mud 0.8 0(88)
45.6 Weak Black Liquor
NCG/SOG 542 (88)
1.2 “ :

Flue Gas

Grits/dregs . 495
1.2(0.1) Makeup  Green Liquor t Strong Black Liquor

Lime 46(88) 541 (88) «
0

The carbon footprint of lime kilns. Manning,
R., Tran, H., et al. TAPPI 2010

Presentation of H. Karjula & T. Tynjala
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The wind power and solar PV electricity cost estimated in 2014

2016 2030 2016 2030
Q} 2016 2030
Q’ 47 €MWh 34 €/ MWh 50 €MWh 36 €/MW
Q’ 70 €/MWh 50 €/ MWh
80 €/MWh 47 €/ MWh :
92 €/MWh- 52 £/MWh 80 EMWh 47 E/MWh Clear Seasonality

Wind most

competitive
Intermittent power

2016 2030 . 2016 2030 5
2016 2030
44 EIMWh 32 €IMWh Q’ S —
66 €/MWh 47 €/MWh
44 €/MWh 26 €/MWh st emwh 20 il
51 €/MWh 30 €/MWh

Low seasonality

PV most competitive
Intermittent power

2016 2030

Q} 54 €/MWh 39 €/MWh
38 €/MWh 22 €/MWh /

2016 2030 2016

(_O Fortum
Q} 62 €/ MWh 44 €/ MWh Q’ 66 €/MWh 47 €/ MWh

43 €/MWh 25 EIMWh 45 EIMWh 26 €E/MWh Source: Per Langer



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

Utility scale PV - LCOE € / MWh
Helsinki

Texas
€26 > €19

@
EIETF]

€28 > €20

Chile ® South-Africa
€19 > €14 L €24 > €17

Source: ETIP-PV, Fortum Solar Technology Team

450 €/kWp @ 2025

Australia
€25 > €19
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DIRECT REDUCTION

Iron Ore Pellets

Case 1: Hydrogen- - o
based steel making bl

: H,+H0
+ Instead of coal, hydrogen will be used W e
as a reducing agent in the prodtion of IRONMAKING R : ‘
the iron = | R
The process can cut the CO,
emissions more than 90 % when
hydrogen is produced with renewable J Electricity
electrcity by water electrolysis - ”"“‘:}E‘E“
HYBRIT project by LKAB, SSAB and STEELMAKING |
Vattenfall: SPONGE IRON
http://www.hybritdevelopment.com g
Scrap |

N

$' .tHZK > 4 '
; ) Sy “ + = TS + I‘// :
‘%e Sl A\ 4

Iron ore pellets Hydrogen Sponge iron Water CRUDE STEEL




Electrolyser CAPEX 650> 300 €/kW & Greenfield BF+BOF

H2 DRI + EAF (M€/a)

co2
e 10 €/MWh 35 €/ MWh

= el
8() €/t soffEs 247 =150 180 155 -8 113 $8 46 24 1. ; 400 422 444 467 489 511
77§59 236 -214 192 18 4125 -103 80 58 -36 -13 g% 4 7 98 11 410 433 455 477 499 522

FAR248 226 -204 -181 - -114 92 70 25 -2 9 42 6 ; 421 443
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BBR227 205 -183 -160 - - 49 -26 4. T 5 10, 442 864
217 - -172 -150 - 38 16 g 9 5 452 475
62206 - -139
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38
35
32

= e . ] Source: Eemeli Tsupari,
o ¥ g _ e A i VTT, Neo-Carbon

23 25
20§ s 37 a7 52 9 ' 387 19 0 632 85 Energy,
307 ; 0 642 www.neocarbonenergy.fi
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Power-to-Liquids (

Methodology
RE-PtL Value Chain

Open your mind. LUT.
Lappemiarss

- Key insights:

*+ Substitution of the fossil hydrocarbon

value chain by a RE basis

Utilisation of downstream fossil
infrastructure

Integrated heating system
Water recycling

—
—

Hydrocracher

PRI | -

1 barrel of PtL products (vol®)
was ol |- — B
A= Naphths; 15%

Jet fusl/kerosens; 25%

+ Dashed lines represent fluctuating flows
» Continucus lines represent steady flows Diesel; 6O%

Overview on PtX options studied in NCE and their global potential based on hybrid PV-Wind power plants
Mahdi Fasihi » mahdi fasihi@lut fi

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

solar+wind)

Results
PtL Energy Flow & Mass Balance

Opent yous mind. LUT.

Power-to-Liquids (2030)
= RE [kWh] — PtH2 eff.: 84%

= Water [kg]

02 [kg) — H2tL eff.: 5%

LT Heat [k¥h]
= Saa Water [kg]
Watar Loss [kq) o

Heat [KWh]

Heat Loss [KWh]

HT Heat [xWh] :

02 (kg —BE: 24 KWh
HZ [xWh] ‘

“» Overall efficiency: 53%
Heat Loss: 28 kWh
Extra Heat: 11 kWh

., Heat: 224 KWn + Oxygen available for

87% of energy demand potential market
supplied by excess heat

- Syngas [kg]

= Byncrude [kg]

= Diirsel [KWh]

= Naphtha [kh]

= Jot fuel [KWh]
Extra Heat [KWh]

= Carbon loss [kg]

= LFG [ky] Heatat800'C| Gas | LFG:2kg
Heal al 500 °C i burner
= pown) [

co2
DAC

a

Waler: 122 kg
COZ: 149 kg

= Extra Water [kg]
Carbon loss

B Syngas: 106 kg {H: SymErE 42 kg

sterag

Electralysis

Heat Loss:
0z: 163 kg
Water Loss

Seawater 2| okg Carbon loss
(]
5

RE: Renewable Electricity LT:low lamperature  HT: high temperature  W3: waler storage
SWRO: Sea Water Reverss Osmeosis  RWGS: Reverce Water-Gas Shift  LFG: Light Fusl Gases

: Naphtha: 74 kWh
Jot fuel: 134 kWh

Diesel: 318 kWh

Waler: 60 kg
Walter: 54 kg
Hydrocracker

then demand Extra Water: 48 kg

Overview on PtX options studied in NCE and their global potential based on hybrid PV-Wind power plants
Mahdi Fasihi » mahdi fasihi@lut.fi
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Results I
pen your mind. LUT.

Cost of Power-to-Fuel/Chemical Options e

Fuels and Chemicals Production Cost in 2030 (7% WACC)

120 13
100
ﬁnﬁﬁh 8
80 —~ shipping &\\} 73
ru,efact“ﬁi]\ regasification70 70
= We4 62
I 60 57
=
£
% 42 . 5 % g ] -] -]
s 4 36 Z = = £ £ £
= = = ] =] o
24 g a a o 2 >
20 > S > § 3 2
w - w L)
N ~ &
0
RE H2 LH2 SNG LNG SNG at dest. GtL PtL MeOH DME NH3
— SNG and PtG-GtL are the cheapest and the most expensive synthetic fuel, respectively. http://www.neocarbone
— the production cost of RE-diesel, RE-methanol and RE-DME are close to each other, however the fuel-parity nergy.fi/wp-

content/uploads/2016/0

(cost competitiveness) depends on their respective market price and CO, emission cost.
2/13 Fasihi.pdf
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Overview on PtX options studied in NCE and their global potential based on hybrid PV-Wind power plants * * > %~
Mahdi Fasihi » mahdi.fasihi@lut.fi M




How Bill Gates aims to clean up the

planet &

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

tle of pipes, pumps, tank ors,
e g LAPPEENRANTA UNIVERSITY OF TECHNOLOGY
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ping into runaway pplies o
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REFLEX x‘
SOLETAIR LAUNCH DATE 14.6.2017

Hydrocarbon from
air and sunlight

Electricity from solar
power plant

Production of hydro-
gen from water using
electrolysis

Carbon dioxide
recovery from air

- o hl
scher—11OPSCl .

decher -~ Trop

nydrncarh':n_fnrmed i ¥

rom synthesis . a

Liquid produc "
— ”‘"ﬁ /ax

Hudrocarbons refined =2~ — {

into fuels and

chemicals

End products - gaso-
line, diesel, plastics,
etc.

Site: , So far at least 35 Finnish media hits and

more than 100 international media hits



http://www.soletair.fi/
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