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Target 2050, GHG
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Implication

= As much as 80% of the coal, oil and gas reserves are ‘unburnable,” and this
unburnable carbon represents potentially ‘stranded’ assets.
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World GHG Emissions Flow Chart
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Options

Solar & Wind

,, /'__\\_,

Nuclear
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Trends

Unconventional gas
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Solar & Wind Power

SNG, biogas,
BiO'C, BlO'C02
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PV cost (in Finland), LUT solar power plant

Energy price (¢/kWh)
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Levelised Cost of Energy Comparison

Solar PV —Rooftop Residential 1
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Source: Lazard’s Levelized Cost of Energy Analysis (“LCOE”), September 2014
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Estimated Renewable Energy Share of Global Electricity Production, End-2013

l Wind 2.9%
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11/12/2014 Source: REN 21, Renewables 2014 Global Status Report
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Solar PV Total Global Capacity, 2004—-2013
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Solar PV Capacity and Additions, Top 10 Countries, 2013
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Wind Power Total World Capacity, 2000-2013
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Wind Power Capacity and Additions, Top 10 Countries, 2013
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A theoretical example of intermittency:
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This is how electricity production followed consumption
every second in February 2012 (Finland)
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11/12/2014 Source: Nordpool, 2012



How do the production and consumption curves match if you
want to produce everything from wind and solar?
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They do not. At all.
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Finnish Meteorological Institute, 2012
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So, what do you do?
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You design a storage system that can charge and discharge like this:
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Germany, August 2014

Actual production
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Solar eclipse 20.3.2015, effects on PV production in Germany
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Transmission of 1 GWe

High voltage grid Pipelines

(0.6 m Diameter)

Source E.ON
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Yvar
Storage options: Do not mix oranges and apples

Round-trip efficiency vs. cycle time Power vs. energy-specific invest cost (€E/kW vs. €/kWh)?
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Power-to-gas
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Efficiency

Efficiency
n = 16%

11/12/2014

CO,-compression via
electricity

1.1%

Efficiency
n = 62%

98.9%

Source: ETOGAS

Efficiency
n = 10%

Substitute Natural Gas

(SNG)

61,6%
11.7% high tempature heat
y 4
26.7% low temperature heat
)

n = 55% LHV

32



State-of-the-art

a

B Beta 6 MW, ¥ Gamma 1,2...10...20 MW,

Alpha 25 kW,
Pilot Technology Proven Technology Advanced Technology
2009 -2012 2013 * 2012 Methanation pilot 250 kW
= Pilot plant: Feasibility = World-wide largest commercial Tests successiully finished
demonstration of the "Power- PtG plant built for Audi AG + 2014 Electrolysis pilot (short stack)
to-Gas” concept = in operation since 2013 * 2015 Tum-key plant 1,2 MW,

2014/ 2015+
2013
2009 - 2012

Source: ETOGAS
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State of the art
1.2 MWe standard unit with modular setup

* CO, source * Methanisierung
- direct methanation of raw - plate reactar

] biogas - prESTEd water cooling

* Electric input power
- grid coupled for renewable excess
power utilization
- direct coupling wind/PY
- control power

+ Gashetz
- H-Gas

e |

s,
=3

* Electrolysis

- alkaline
- pressurized

* Heat management
- standardised

Source: ETOGAS
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Aprox. 20 P2G demonstration projects in the Europe

= Majority of projects in Germany
» Mostly handful of kWe

» ~ 1/4 with methanation

= A couple of units MW scale

= Alkaline and PEM electrolysers,
SOEC inlab

Wi Bictrichs +* ;“;wértoﬂas
11/12/2014 www.powertogas.info
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WTT GHG balance for compressed biogas (CBG) pathways

Conditioning &
distribution

Transformation
near market

M Transportation to
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B Transformation at
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M Production &
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source

P2G with
wind electr.
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Electricity system now
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Finnish electricity system — example high solar
first results - shown for indicative purposes only
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Finnish electricity system — example high demand

first results - shown for indicative purposes only
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Finnish electricity system — gas storage status
first results - shown for indicative purposes only
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Including batteries, cost optimised VT

Annual demand: 6030 TWh

: i Ta ; Max. load: 985 GW
Region names and transmission line lengths

West Mengeolia

“910 kM ——past-mongolia
1290 km MNortheast China
Uygur__ BOO km
1140 km___ . 0km Northkorea .
Nofthwest-Ghina-——— 2150 km - North€hina - 360 km . EastJapan
S < N T1z44km_ " 7
- \ Sul;lt_i'l'ligggak 710 km
2100 km 1160 km m = -siris
' g \- 1180 km West'dapan
Tibet= — : f -
#4050 ki Central China \
' 780 km LW
\ East-China
1000 km
South'China;
11/12/2014 Source: Breyer Ch. and Bogdanov D. et al., 2014. North-East Asian Super Grid: 43

Renewable Energy Mix and Economics, WCPEC-6, Kyoto, November 23-27, to be published



Including batteries, cost optimised
West Japan

m Grid Import

BTOCG

mTCCG
BMPHS disharge
m Batery discharge
W Hydro Dam
m'Wind

PV

rydro Rol

11/12/2014 Source: Breyer Ch. and Bogdanov D. et al., 2014. North-East Asian Super Grid: 44
Renewable Energy Mix and Economics, WCPEC-6, Kyoto, November 23-27, to be published
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Levelised Cost of Electricity structure — example

M LCOE primary
mLCOC
mLCOS
W LCOT

C = curtailment
S = storage
T =transmission

11/12/2014 Source: Breyer Ch. and Bogdanov D. et al., 2014. North-East Asian Super Grid: 45
Renewable Energy Mix and Economics, WCPEC-6, Kyoto, November 23-27, to be published



= Storage capacities | A 474
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Renewable Energy Mix and Economics, WCPEC-6, Kyoto, November 23-27, to be published






System level view

Electricity
grid

LNG market

Solar & Wind
power

Coal fired

power plant
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ENERGY

We want to make a zero emission energy system with significant proportion from renewables
cost efficient and technically feasible by 2020 by providing solutions for peer-to-peer energy trading,

energy storage and electricity grid stability in order to balance intermittent solar and wind production.

Key data = The NEO-CARBON ENERGY project’s results provide

foundations for designing such energy system through:
» Principles of future energy system through futures

m 14.2 vm€ research.

= Energy System design through system modelling with
variable production and energy storages in place.

=5 years 1.7.2014-30.6.2019

= 3 National research partners

" 15 industrial partners = Design and testing new technologies for large-scale
energy storage and power for mobility. Including process
|
3 NGOs modelling.
" 5 International partners = Suggestions for market and legislative frameworks.
" \/TT as the co-ordinator / DSc Pasi Vainikka = Initiation of first business cases as pilot plants in Finland.

= Turning the challenges of the new energy system - i.e.
integrated smart energy grid management and storage

technologies - to an export opportunity for Finnish
industry.

NI

\‘»‘{" [ Turun yliopisto
'L“ University of Turku

LUT “.",%I"
Lappeenranta 90*" EINLAND FUTURES
‘w>® University of Technology RESEARCH CENTRE
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