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Producing Electricity using renewables

e Who is going to use the extra amount in the Summer ?
e Note : seasonal storage = 45% of PV production
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Long term electricity storage by converting electricity to fuel

Power to gas concept

Electricity form the grid
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Indirectly heated gasification : electricity storage option
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Green boiler and RES storage

Winter Mode ‘ CO, (108 kg CO, avoided / MWh wood)
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Conventional boilers ‘
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onceptual schemes of CHF (combined heat and fuel) plants ‘
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Conceptual CHF plant operation schemes
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Conceptual CHF plant operation schemes
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Conceptual CHF plant operation schemes
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Conceptual CHF plant operation schemes
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Conceptual CHF plant operation schemes
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Process performance ‘
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Process performance ‘
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Process performance ‘
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Process performance ‘

Economic parameters
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Process performance ‘
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Process performance ‘
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Process performance ‘
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Carbon savings comparison between technologies ‘
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Carbon savings comparison between technologies ‘
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Carbon savings comparison between technologies ‘
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Carbon savings comparison between technologies ‘
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Carbon savings comparison between technologies ‘
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Carbon savings comparison between technologies ‘
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Round trip efficiency of electrcity storage

e H2 electrolysis integrated in SNG process
—CO2 emissions are negative (wood carbon neutral, CO?2 is captured)

i _ 85
g AL+ %

e CH4 conversion NGCC (CO2 = 0 because C biogenic)

S
T CHAL,
e Roundtrip efficiency
-

 Long term storage on the gas grid !



If Electricity production efficiency increases

e Hybrid gas turbine SOFC combined cycle

xxxxx

3 H20

=l 68% A battery is 80%
T]_E_ 0 attery Is ()

e Round trip with long term storage on gas
grid and decentralised production



Electrolysis integration in the FT production process
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Solid oxide electrolyser

Optimal design of solid-oxide electrolyzer based power-to-methane system

System layout Model development & calibration Multi-objective gptimization
o> ~ T | Gas Channel e ‘b/é‘ + SE exothermic 700 °C
HaHQ ~ H2. HO (z tich) 0.21 | " CE exothermic 700 °C
wi ‘u,. Mass Transportation  H:0 ‘": "—; 0.19 \u%‘k . « SE thermoneutral 750 °C
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"""""""""""""""""""" I A 005 | +CE thermoneutral 750 °C 75% Arbitrarily-defined designs
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Integration of the electricity
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CO2 reuse : Power2Gas concepts

e Electrolysis : H2O + E => H2 +1/2 O, (e.g.Proton exchange membrane systems eff ~
60%)
e + Methanation (Sabatier Reaction)
—Typical Temperature : 250°C-400°C
—Catalyst : Ni
—Exothermic
COy +4Hy — CHy + 2H50 + energy AH = —165.0kJ/mol

e Biological catalysis(1)
— Typical Temperature : 40-70°C

—Catalyst : thermophilic methanogen Methanothermobacter
thermautotrophicus

—www.electrochea.com

e Co-Electrolysis (SOEC) + Methanation or Fisher-Tropsh
—Typical Temperature : 800°C

COs + 2H50 + energy — CHy + 209

(1) Matthew R. Martin, et al. “A Single-Culture Bioprocess of Methanothermobacter thermautotrophicus to Upgrade Digester Biogas by CO2-to-CH4 Conversion with H2,” Archaea, vol. 2013, Article ID 157529, 11 pages,
2013.

(2) Diethelm, S., herle, J. V., Montinaro, D. and Bucheli, O. (2013), Electrolysis and Co-Electrolysis Performance of SOE Short Stacks. Fuel Cells, 13: 631-637. doi: 10.1002/fuce.201200178
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CO2 capture and reuse/electricity storage

©Francois Marechal -IPESE-IGM-STI-EPFL 2014
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Conclusion Power to X with biomass

e C(H20) conversion is a source of Biogenic
Carbon for long term electricity storage

e adding renewable H2 to CO2 in the
biomass conversion process produces more
fuel

—seasonal storage of electricity as fuel
e CO2 if separated can be sequestrated

e CO2 can be stored as a liquid (70 bar - 25
°C) and be later converted when excess of
electricity is available



