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Carbon-neutral fuels made from sunlight and air
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ETH Zurich 201963
June/2019
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HHSNERAEISE. REREICS VW CTHHEFICOEINEDOEBEDCO:? Solar mini-refinery for sustainable fuels at ETH Zurich

BEE1E( / Source Aldo Steinfeld et al.
bb\};h‘:h' bi& L\ 7:_ &) ;%%ﬂ.—.:__l'ﬁ Bﬂﬁgﬂ:—“_)?ﬁ%ﬁj Ei&,ﬁ (‘-Eﬁkj % . https://ethz.ch/en/news-and-events/eth-news/news/

2019/06/pr-solar-mini-refinery.html

The solar mini-refinery on the roof of ETH Zurich demonstrates the technology for the thermochemical production of
carbon-neutral liquid hydrocarbon fuels. Using concentrated solar energy, a high-temperature solar reactor splits CO- and
water extracted directly from ambient air and produces syngas, which is processed into hydrocarbons such as kerosene or
methanol. These drop-in fuels are carbon neutral because they release only as much CO: during combustion as was
previously extracted from the air, and can therefore contribute particularly to sustainable aviation and shipping.
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A new chemical catalyst based on indium oxide that converts CO, and hydrogen into

methanol
#E8 / Organization HARS / Period
ETH Zurich 201957 5

July/2019
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ETH Zurich succeeded in boosting the activity of the catalyst for methanol production via CO2 hydrogenation, without
affecting its selectivity or stability. They achieved this by treating the indium oxide with a small quantity of palladium. ETH
Zurich and Total have jointly filed a patent for the technology. Total now plans to scale up the approach and potentially
implement the technology in a demonstration unit over the next few years.
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New minerals for carbon capture

#R9 / Organization 4858 / Periog
University of Alberta, University of British 2018128
Columbia and University of Queensland December/2018

NTROZIVIHEEOFUVLWEEB((ELSYHAATBEDOCO 2% Capture and storage of CO: in the subsurface of mine wastes

Hydrotalcite minerals (naturally occurring layered double hydroxides) are
storing atmospheric CO: in finely ground ultramafic mine wastes (tailings)
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]:E LJ :E\T ﬁ a- % — t % ﬁE SR LJ 7- «O B E1Z{H / Source University of Alberta, University of British Columbia and

University of Queensland
https://www.ualberta.ca/science/science-news/2018/december/carbon-sequestration-
new-minerals

Turvey, C.C., Wilson, S.A., Hamilton, J.L., Tait, A.W., McCutcheon, J.,
Beinlich, A., Fallon, S.J., Dipple, G.M., and Southam, G. (2018) International
Journal of Greenhouse Gas Control, 79, 38-60.

doi: www.doi.org/10.1016/j.ijjggc.2018.09.015

An international research team from multiple universities has confirmed
new minerals, members of the hydrotalcite supergroup, are capturing
and storing atmospheric CO-.
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Solar energy becomes biofuel without solar cells

#R9 / Organization 4858 / Periog
Uppsala University 201946 B
June/2019
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Cyanobacteria producing 1-butanol from solar energy and GO
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Uppsala University has successfully developed microorganisms that efficiently produce butanol directly from carbon
dioxide and solar energy, without the need for biomass or solar cells.
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A sharing service using battery-replaceable electric smart scooter and a charging
station for replaceable batteries

#R9 / Organization 4858 / Periog
=1t e-SHARE Hi8 2018528
e-SHARE Ishigaki Co., Ltd. February/2018
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e-SHARE Ishigaki started a sharing service “GO SHARE” in Ishigaki City, Okinawa Prefecture, using Gogoro's battery-

replaceable electric smart scooter and a charging station for replaceable batteries. At the charging station, it can be replaced
with a charged battery in about 6 seconds. Solar panels and recycled batteries from Nissan LEAF are installed at some of the
charging stations, and can be used as emergency power for disaster prevention bases in the event of a disaster.

ICEF 2019
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Commercialization of alcohol-to-jet, sustainable aviation fuel

#R9 / Organization 4858 / Periog
Lanza Tech 20184105
October /2018
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-LanzaTech Freedom Pines Biorefinery, Georgia, USA
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LanzaTech is using their advanced microorganism-powered gas fermentation technology to create ethanol from waste
carbon pollution. 4,000 USG of jet and 600 USG of diesel was produced from ethanol in their facility in Georgia, USA and a
portion of this fuel was used to power a commercial flight operated by Virgin Atlantic from Orlando, Florida to London in 2018.
In June 2019, All Nippon Airways (ANA) signed an offtake with LanzaTech to purchase sustainable aviation fuel.

ICEF 2019
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Megawatt-scale solid polymer hydrogen generation system enclosed in a 40-foot container
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Hitachi Zosen Corporation June/2018
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Hitachi Zosen Corporation started selling PEM-type hydrogen generation system “HYDROSPRING” in 2000 and have developed
lager one enclosed in a 40-foot container. This is the first type in Japan. HYDROSPRING has a capacity of 200Nm?>/h for enabling
the storage of surplus power at megawatt-scale power generation facilities and have been developed by uniting of Hitachi
Zosen’s own technologies, electrolysis and filter press. That system installed in container so that it can be installed easily and
there is no need of constructing the building. Through this Power to Gas system, Hitachi Zosen contribute to expansion of

renewable energy and realizing the sustainable hydrogen society.

ICEF 2019

Hydrogen Generation System "HYDROSPRING” and Water Electrolysis Cell

EEIZ{H / Source © Hitachi Zosen Corporation
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Electrothermal energy storage system can store up to 130 megawatt-hours of
thermal for a week in volcanic rock

#R9 / Organization 4858 / Periog
Siemens Gamesa 201946 B
June/2019
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EEIEZ{H / Source Siemens Gamesa

Siemens Gamesa has begun operation of its hot-rock thermal energy-storage system. Around 1,000 tons of volcanic rock is
used as the storage medium. The pilot plant converts electrical energy into hot air using a resistance heater and a blower In
order to heat the rock up to 750 degrees C. When required, it converts the stored thermal energy back into electricity using a
steam turbine.

ICEF 2019
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Floating offshore wind power generation system in shallow water area
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NEDQ (Marubeni Corporation, Hitachi Zosen Corporation, GLOCAL corporation, Cosmo Eco Power Co., Ltd.,
The University of Tokyo, Kyuden Mirai Energy Company, Incorporated)
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Demonstrator of barge-type floating

J( 5 O >( I\} l/ 0) /ﬁ i;ﬁ (: ;Q 1= 3' % — C‘:. b‘\__l- HE o offshore wind power generation system

BEEIZ{H / Source NEDO

NEDO and Marubeni et al. have developed a floating offshore wind power generation system with a 3 MW turbine at about 15
kilometers off the coast of Kitakyushu, western area in Japan. This system has a compact turbine with two blades on a steel

barge type floating body and a mooring system with studless chains and super high holding power anchors, which is installed
in relatively shallow waters with a depth of about 50 meters.
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Fully-integrated flow battery Bl T -
40 kWh, 10 kW module 2 MWh, Gonghe, China Operator:

Includes BMS, cooling, enclosure Huanghe Hydro / SPIC
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Avalon Battery Corporation 2019521

February/2019
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Operator: Ideal Energy / MUM Operator: Southern Company / EPRI
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AVALON

BATTERY

EEiZ{t / Source Avalon Battery Corporation

Avalon manufactures “utility grade” energy storage that is dependable, safe, and economical. From facilities in Canada, the
USA and China, Avalon has delivered unparalleled durability to projects around the world, with current installations in the
USA, China, Australia, Korea and Spain.

ICEF 2019



