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Probability of Plant Shutdown for
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AVK,  + 2; (wr, xMiK,,)=K, (i=12..5) (5) Maintenance
4 m= 1 D
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S (ur, , x MiK,,) > (\—upp)x K,  (i=12...5) (7) g0\ /) \ [\ [— —
m=1 . g c 06 \ / \ / \ / 1 (M=2)
Endogenous Variables: S *::3 ' X \ / X
AvK;, : available capacity of i-th power plant in day d (GW) ‘g ® 0.4 \ ur (m=3)
MtK, ., : unavailable capacity of i-th power plant in m-th maintenance schedule (GW) ] £ / \ / / e 1 (M=4)
Exogenous Variables: ° 02 / \ \
ur,, 4 - occurrence rate of plant shutdown in day d due to maintenance of m-th schedule, 0.0 am— : Y

1-ul 7
1-Aug TS
SN

I 1
upa; : annual average availability of i-th type of power plant, upp, : seasonal peak 5 o rETs EL & S s g 3 g
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availability of i-th power plant IR SR, A

Day of the year
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Assessment of Preferable Power Substations, Accessible to Offshore Wind Resource

Developable Condition [ T icow T—

. . Supply ’ (GW) Firstly extracted (GW) Secondly selected (GW)
. Wlnd Ve|OCIt)' Areah bottom- fiodfing hottom- iihating hottom- faating
. mounted i mounted mounted
F'Xed'bofiom(% Eﬁit)> 7.0m/s Hokkaido 0,50 000] 068 (10km) | 0.00 | 060 (10km)| 000 -
Floating(;‘;ﬁ(ﬁ)? 7.5m/s Tohoku 7.00 550 | 991 (0km)| 902 (40km)| 747 (0km)| 896 (30km)
B Sea Depth: Tokyo 710 650 | 752 (0km)|1526 (50km)| 760 “0km) | 783 (T0km)
. Hokuriku 0.00 0.00
Fixed-bottom: less than 50m Chubu 3.60 380 | 588 (Wkm)| 558 (0km)| 437 @0km)| 475 (“0km)
Floating: > 7.5m/s Kansai 000 030 000 | 100 Gokm | 000 101 Gokw)
B Distance from Coastline: Chugoku | 000 000
. Shikoku 3.00 060 | 048 (0km)| 304 (60km)| 048 (30km)| 269 (60km)
leed.-bottom.from I0km to 40km Kyushu 400 090 | 044 (0km)| 168 (60km)| 044 (30km)| 168 (60km)
Floatlng: from 40km to 80km Okiniwi 0.00 0.00
B Distance from Onshore Substation: Sum 1890 | 1760 | 2491 - | 35.59 -| 2096 - | 26.92
less than 100km
B Developable Site: MOE study: Fixed-bottom: 21 GW, Floating: 27 GW .

other than National Park This study: Fixed-bottom: 20 GW, Floating: |3 GW (half of MOE)
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Fixed-bottom
[RE-OW]

Fixed-bottom: 20 GW
Floating: 0 GW

O Fixed-bottom & Floating
[RE-OVVMax]

Fixed-bottom: 20 GW
Floating: 13 GW

A
EER=

Fixed-bottom

Capacity [GW] Capacity [GW]
.o}z Z .m:
= Fixed foundation H = Fixed foundation
— Floating leed‘bOttom ™ Floating

BERR

" g 7
Fixed-foundation offshore is mainly
available in Eastern Japan
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(HAT) Komiyama,R., Fujii,Y;; IEW2019 (The 38th Edition of International Energy Workshop), Paris, France, June 3,2019
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Monthly Profile in January of 31 offshore nodes

Capacity factor of Offshore Wind Power
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» Capacity Factor (Annual Average): 37%, higher in coast facing Pacific Ocean
» A trend of countrywide synchronization in a daily or weekly cycle
» If large-scale integration, solving daily or weekly imbalance is required. =

(HHFr) Komiyama,R., Fujii,Y.; IEW2019 (The 38th Edition of International Energy Workshop), Paris, France, June 3,2019
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(Full Integration of Offshore Wind)
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Power System Operation [GW]

» Offshore wind largely replaces

the role of thermal power 50

generation (LNGCC, Coal-fired) =

> Less variability of offshore wind

than onshore wind
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(HHFr) Komiyama,R., Fujii,Y.; IEW2019 (The 38th Edition of International Energy Workshop), Paris, France, June 3,2019

| 0SS
Suppressed PV
mm Suppressed Wind(off)
mmm Suppressed Wind(on)
[ Battery2(out)
[ Battery 1 (out)
Pumped(ont)
mmm Battery2(in)
= Battery1(in)
mmm Pumped(in)
PV

mmm Wind(offshore)
== Wind(onshore)
m Oil

mm LNG GCC
mmm [ NG ST

mmm Coal

mmm Nuclear

[ Biomass

mmm Geothermal
= Hydro
——Load

m Suppressed Wind(off)
mmm Suppressed Wind(on)
mmm Wind(offshore)
mmm Wind(onshore)

——Load
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ZE#AE B (Firebrick Resistance Heated Energy Storage, FIRES)

Use Low-
Price
Electricity
to Heat
Firebrick

Industrial

Kiln or
Hot Air Furnace
sing Hot

U
_ Air
Adjust
Temperature:

- M g Add Cold Air
(Source) Forsberg, C. “Variable Electricity From Base-Load or Natural
High-Temperature Reactors Using Brayton Power Cycles and Gas

Heat Storage” The University of Tokyo, January 19, 2017

FIRESO 558 BHEHEIET —EH ZFIRES~ S - K
« WAL IUHIZELZEER LoAZmgk. 8T EEXARAA. 0E
- ERJ/EFIALTIICEEE Hifitg LF B IZFKEFIFH

EFTHKL OHZENER

(Reference)

[1] Joint MIT-Japan White Paper: Compatibility of Nuclear And Renewables with Grid Stability, Economics and Deregulation<https://ipc.mit.edu/sites/default/files/documents/MIT-

29
Japan%20White%20Paper%20Combined%20Final.pdf>

[2] Haratyk,G., Komiyama,R., Forsberg,R., Lester,R., Fujii,Y., Omoto,A., Taniguchi,T., Curtis,D. and Sepulveda,N., Integrating Nuclear and Renewable Electricity in a Low-Carbon
World: MIT-Japan Future of Nuclear Power Studies, Proceedings of ICAPP 2017; Paper 17758, Fukui and Kyoto, Japan, April 24-28, 2017



ZEMFTE (Siemens)

Electric Thermal Energy Storage (ETES)

oo S

Electricity  n=08%

gy transition

KILA (1000 b ), 750°C,
AE | 130MWh

(Hd Fir) https://www.siemensgamesa.com/products-and-services/hybrid-and- .

storage/thermal-energy-storage-with-etes



SEFE(NREL)

Particle g
Heater for Electric <+—— Electricity

Charging _ _ S SCLER Particle Flow
= <« Hot Gas/Steam Flow
Cool Gas/Steam Flow

Transmission
and Distribution

Particle
1 Conveyor

Fluidized
Bed Heat
Exchanger || ¢

Electric
Grid

Generators

Thermal

Gas/Steam
Energy Storage e
Brayton Combined-Power

Cycle for Electric Discharging

(HHPr) https://www.solarpaces.org/nrel-awarded-2-8-million-to-develop-a-
long-duration-thermal-energy-storage-technology/



K& CO,EiERINE i (DIRECT AIR CAPTURE: DAC)

s ® £ — To storage Air contactor with
[ 1 Chemical plart with o frontal ﬂrfa of
B, | 1 meter | regenerator and compressor L 30,000 m
tr'EHtEd Air, 2 mis
air

250 m region of
7 depleted CO,

T

b

‘ 1meter |

(= 5 mph)

NaOH ——p OO,
Calciner ’

Absarber removes
half of incident
€0, 20 tCO,iyr

&
i

””h

Na,CO, CaCO,
solution precipitate

Figure 1.2. Schematic representations of A) a 1 m* intake area contactor capturing 20 tCO.fyr, and B) a facility for
capturing 1 MtCO./yr. The facility in B consists of five structures, each 10 meters high and 1 km long, and could collect
1 MtCO,fyr if air passed through at 2 m/s and 50% of the CO, were collected. The structures are spaced 250 meters
apart, and the footprint of the system is roughly 1.5 km?2. Approximately six of these systems would be required to
compensate for the emissions of a 1 GW coal plant. Buildings not to scale.

(Hi#) Robert Socolow et al., Direct Air Capture of CO2 with Chemicals, The American Physical Society, 201 |



Research & Development:
Commercial Potential of the Technological

Innovation by 2050

No. A2

FAN / Title

KBEHAEERDSH—RY Za1— I IR ZRE

Carbon-neutral fuels made from sunlight and air

P8 / Organization #AR] / Period
ETH Zurich 2019%F6R
June/2019

ETHF2—UvEDEEICHZY—S5—8HFRIE. B{bFEERMTICKY
A=Y Z1—hSIVTHIRICKFIEEEL TV EROAEHRIN
B EBUEABAIRIVF—CLY  FERDZEIH S "BEILRE LKE
Bl HREUSTHPAY /=L EDRILKREIGDER DA ELER T B,
T NREHE REEERECS VL THHIFI OB EINDOLAEDNCO:2
UhBEE LB W e, SR RE B ZE IR IR RBEIC TR T %o

Solar mini-refinery for sustainable fuels at ETH Zurich
SRAEE / Source Aldo Steinfeld et al.

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

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 CO2 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 CO2 during combustion as was
previously extracted from the air, and can therefore contribute particularly to sustainable aviation and shipping.

Research & Development:
Commercial Potential of the Technological N 0 A5
Innovation by 2050 [ ]
AL/ Title

CO2LKENSRY /= IV EBHET DI IRERAEL VI LR

A new chemical catalyst based on indium oxide that converts CO, and hydrogen into
methanol

#4P8 / Organization H#ARS / Period
ETH Zurich 2019%7ARH
July/2019

ETHF 2—Uvk R . B{tA Y IILEDEDINSI UL TUE
TBIET.CO2KRILICKD AT /—ILELERBEDE L=
BREPEZEREBRSTERLKEHDTEICKRIIULIEETH
Fa—UvbRMI IV EHBATHFZRE NI LIS RIEHIED
AT BDIEEAEL. SEHREURNTORI S VM DRERE
BiELTW3S,

SR / Source ETH Zurich

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.

__

(i Pr)https://www.icef-forum.org/pdf2018/top 1 0/Top | 0_ICEF2019.pdf
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