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Landscape, Regime & Niche Techs
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ESG Investment

https://theinvestoragenda.org/wp-content/uploads/2019/12/191201-GISGCC-FINAL-for-COP25.pdf

Global Investor Statement to Governments on Climate Change

.......................
Gouoonc imate Change
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GLOBAL INVESTOR STATEMENT TO GOVERNMENTS ON CLIMATE CHANGE

This statement is signed by 631 investors representing over USD $37 trillion in assets.

As institutional investors with millions of beneficiaties around the world, we reiterate our full
support for the Paris Agreement [link] and strongly urge all governments to implement the actions
that are needed to achieve the goals of the Agreement, with the utmost urgency.

Investors are taking action on climate change. The global shift to clean energy is underway, but much
more needs to be done by governments to accelerate the low carbon transition and to improve the
resilience of our economy, society and the financial system to climate risks. Investors continue to
make significant investments into the low carbon transition across a range of asset classes. Investors
are also increasingly incorporating climate change scenarios and climate risk management strategies
into their investment processes and engaging with high-emitting companies. To build on this
momentum and maintain investor confidence to further shift investment portfolios, it is vital that
policy makers are firmly committed to achieving the goals of the Paris Agreement.
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Sustainable Finance

EU Taxonomy : Classification Frame
Six environmental objectives

EU TECHNICAL EXPERT GROUP ON (1) climate change mitigation
SUSTAINABLE FINANCE (2) climate change adaptation
(3) sustainable use and protection of water & marine resources
il T (4) transition to a circular economy, waste prevention

EUROPEAN ECONOMY

and recycling
(5) pollution prevention and control

* * * (6) protection of healthy ecosystems

T xo OMY * Technical Screening Criteria

A N B -Substantial contribution to at least one environmental objective

TechmcaLReport * R “‘ -Doing no significant harm to the other environmental objectives
s~ ' > (DNSH)

[Nuclear power plant])
excluded from DNSH point of views
[Gas thermal power plant]
without CCS: excluded
with CCS: emissions from total supply chain should be
measured (not estimated)
’ - [Coal power plant with CCS]
Taxonomy Technical Report eXCI Uded
June 2019 [CCS]

CCS itself is included
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Landscape — Changing Cost in Japan

Cost of PV Electricity is expensive in Japan !?

Levelized cost of electricity
associated with fuel (JPY/kWh)
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4030 Crossover of Electricity Cost
2030 Coal Expected between 2020-2025
2019 2014
2013’
013 2010  Nuclear ,
2013 | 2014 2014
1998 Photovoltaic
2040 2030 2025 2020 Y2017 2014 2013
0 4 8 12 16 20 24 28 32 36 40

Levelized cost of electricity associated with plant (JPY/kWh)

M. Koyama, Chapter 16. Toward Economically Rational Hydrogen Production from Solar Energy: From Battery versus Hydrogen to
Battery x Hydrogen, in Nanostructured Materials for Next-Generation Energy Storage and Conversion: Photovoltaic and Solar Energy,
T. A. Atesin, S. Bashir, J. Liu Eds., Springer, 2019, pp. 457-470.
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Necessity of Energy Storage

Output (kW)

Low operation ratio : ~12%
From TEPCO Web Page

kishima Megasolar

1,000

3,000

1,000

0
01 2 3 456 7 8 9 101 121314151617 18192 21223 0w

Time
Cf. Wind : ~22%

Small Hydro : ~70%
Geothermal : ~80%

- PV Output _
2 Other Technologies
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RE2.0 RE: Renewable
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Time \\
Demand < Supply a
Frequency T \
Demand > Supply
Frequency | Dernand |
& \ud
Electricity Business Act Supply
Article 44, Clause 2 ¥ Gamm

Commitment for Frequency Maintenad. >
+0.2Hz (+£0.3Hz in Hokkaido)

Output fluctuation of PV---
=Adjusted by Thermal/Pumped hydro plants etc.
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Landscape, Regime & Niche Techs
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Power Grid with Renewable ?

Supply-Demand Gap with Massive Renewable Contribution
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Power Grid with RE100 ?
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Power Grid with RE100% ?

Supply-Demand Gap with Massive Renewable Contribution
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H, Production from PV

Capital Cost + Operation Cost + Maintenance Cost
Amont of Hydrogen Produced

Levelized Cost of Hydrogen =
(LCOH)

Capital Cost = CapacityxUnit Cost/Depreciation Period

Operation Cost = (Electricity & Water Unit Cost) xCapacityxOperation Time
Maintenance Cost = CapacityxUnit CostxMaintenance Ratio

Amount of Hydrogen = CapacityxOperation TimeXxEfficiency

Unit Cost/(Depreciation Period) 4 Unit Cost X Maintenance Ratio
LCOH = . : — +le &H,0 Cost + , , —
Operation Time X Ef ficiency Operation Time X Ef ficiency

/Assuming 5kWh/Nm3-H, \
20 JPY/kWh = 100 JPY/Nm3-H,
13 JPY/kWh = 65 JPY/Nm3-H,
7 JPY/kWh = 35 JPY/Nm3-H,
3 JPY/kWh = 15 JPY/Nm3-H,

\_ J
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H, Production from PV

Capital Cost + Operation Cost + Maintenance Cost

Levelized Cost of Hydrogen =
(LCOH)

Capital Cost = CapacityxUnit Cost/Depreciation Period

Operation Cost = (Electricity & Water Unit Cost) xCapacityxOperation Time
Maintenance Cost = CapacityxUnit CostxMaintenance Ratio

Amount of Hydrogen = CapacityxOperation TimeXxEfficiency

Amont of Hydrogen Produced

Unit Cost X Maintenance Ratio
Operation Time X Ef ficiency

Unit Cost/(Depreciation Period) _
LCOH = _ , = +e &H,0 Cost +
Operation Time X Ef ficiency

Kssuming \

electrolyzer Cost 100,000 JPY/kW Depreciation 10 yr 5kWh/Nm?3-H,

1. Unpurchased surplus power of 400 hrs/yr
(Capacity ratio = 400/(24x365) = 4.6%)
=125 JPY / Nm3-H, (Free electricity # Cheap H,)
X Total H2 Price @ Refueling Station = 90 JPY/Nm3-H,

\2. Capacity ratio of 12% = 48 JPY / Nm3-H, 4
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From EU : Hybridized Power to Gas

y 7 by 8
Available online at www.sciencedirect.com

ntexmational jovimnal of

: : HYDROGEN
ScienceDirect ENERGY

journal homepage: www.elsevier.com/locate/he

Hybridization strategies of power-to-gas systems
and battery storage using renewable energy

@ CrossMark

B. Gillessen’, H.U. Heinrichs, P. Stenzel, J. Linssen

Institute of Energy and Climate Research (IEK), Systems Analysis and Technology Evaluation (IEK-STE),
Forschungszentrum Jiilich, Wilhelm-Johnen-Straf3e, 52425, Jiilich, Germany

AEL 3000 kW + Lithium-lon (J=100%

AEL 3000 kW + Zinc-Bromine RFB (1=100%
AEL 3000 kW + Vanadium RFB 0=100%
AEL 3000 kW + Hybrid Battery Q=100%
AEL 3000 kW - No Battery Q=66%

0152 | 0.54 £/Nm3
0.128 0.45 €/Nm?3
0.138 0.49 €/Nm?3
0.126 0.45 €/Nm?3
0.034 0.12 €/Nm3

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Average hydrogen costs [€;9;:/kWhy;]

Fig. 10 — Average hydrogen costs for a 3000 kW, electrolyser system with data for 2030.
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An Extreme of Battery Cost = 0

No effective solution to lower H2 Production cost from PV?
=Considering extremes to explore golden mean

Extreme 1: Electricity cost = 0 = No solution found so far
Extreme 2: Battery cost =0 = ???

Battery Cost = 0 JPY/kWh & Efficiency = 100%
=Installation of infinite capacity battery!!

Yl ﬁ\m/wra
WINAVANEADAY

Oﬂtput levelized by battery

nJ
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Integrated PV-Battery-Electrolyzer

Unit Cost/(Depreciation Period) _
LCOH = +e &H,0Cost+

Unit Cost X Maintenance Ratio

Operation Time X Ef ficiency Operation Time X Ef ficiency

(Battery Cost = 0 JPY/kWh & Efficiency = 100%
=Installation of infinite capacity battery!!

""""" PVoutput ‘_I EIectronzer

[/\bm Capacity without
battetry
j \ j \ j <:IEIectronzer

Capacity with

Charge &
Discharge

i

2
LU T

’ - battetr
Benefit 1 : Capacity ratio=100% SRR S e N AL Y /
Benefit 2 : Reduction of electrolyzer capacity=1/7~1/8
(When PV capacity ratio = 12~14%)
In real operation condition
PV 1. = electrolyzer Need to identify condition additional
2. = battery = electrolyzer cost of battery
(charge/discharge loss)
\_ 3. = cut off )
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Essential Problem to Tackle

Reduction in
Electrolyzer Cost
& Increased

Battery | | : _
~ Cost , ‘ Reduction in } \ CaQaOty R§t|o
N ] ™ Electrolyzer Cost ™ S

& Increased Battery
w Capacity Ratio ~ Cost -

S, 4 D
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Economically Rational Renewable H,

Conventional : Limited
communication between disciplines

Systems Engineering
Focus on present system
Detailed roadmaps unaware

Large gap-
0

Experts with Different Disciplines

Disconnection

” HHOK % d @
NIMS s

Batter H2 -Fuel Cell &
; r‘?.‘ N m— FHAEATRET R —IC & B A AR LB R BT L~ 2 B
”H‘Huumuuu 3 ~TROEBAOR LD THF, T XOIAMIYLICTo =BT HRE LT~ .
’V.s.uof! I’ H138 14||
Rizzcrenr;’p H,-Fuel Cell
Roadma
. Q i
N |
N >
» \‘$ \ @ MNRAE 10 A7 hANSEHFR Ttk X
[Chemlstry e 'Y |
Tech X Material g l,D Roadmap R

Roadmap :
Tech X }f

Photovoltaic
Solar Cell

Advances in Engineering

Collaboration : Share Common Vision for Deep Decarbonization
=Proposed Economically Rational H, Production System

Eurekalert

Estimation of technology ¢
level required for low-cost o< p
renewable hydrogen

production

MS, the L

Japan team evaluates battery-assisted low-cost hydrogen production from
solar energy (https://www.greencarcongress.com/2019/02/20190201-
solarh2 html)

ScienceDalily

Sclence News

Estimation of technology level required for low-cost renewable hydrogen
production

ry 31, 2019
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Battery-assisted Solar H, Production *

3 International Journal of Hydrogen Energy &S
Volume 44, Issue 3, 15 January 2019, Pages 1451-1465

Battery-assisted low-cost hydrogen — \\ B R
. . " Tlb3— BV
production from solar energy: Rational BE) &7 R W o
. AT
target setting for future technology systems e X 1 \E’*i
A 2= £, EER
Yasunori Kikuchi * € & B Takayuki Ichikawa 9, Masakazu Sugiyama °, Michihisa Koyama » 4 ' 2 & PEZ e
60
— 50
(ep]
=
<% PV 7 JPY/kWh
& 30 Electrolyzer 50,000 JPY/kW
T
£ 20 = Eledici -
3 ectricity = Lost electricity (loss2)
) i Lost electricity (loss1) Battery
= 10 ® Electrolysis plant ® Electrolysis operation
& maintenance
0

1234567 891011121314151617181920
UCostp, [103 JPY/KWh]
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Boundary for System Evaluation

Kikuchi et al., Int J H,
Energy, 44 (2019) 1451

Boundary of battery-assisted . —S,E;V;____}
hydrogen production R L __loss1 |
...................................................................... SO
e (S Y ,
| : | | POW )y = > |
L_(E_'bg panel -|_BO_VXP_‘C'9 C(E)ncv/e Drfer ey electrolyzer ?ll__l:_)llo_d_H__l

| | Powpae |
m H‘MM' ‘ v T . . =P Solar radiation

Battery ‘> DC flow
storage \ => Hydrogen flow ;
'-................................................................................................g............':.:.:.:.._...:.:.._...} .........

e e e o —— — —
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Algorithm for Optimization

START Kikuchi et al., Int J H,
() Energy, 44 (2019) 1451

Define unit cost of electricity,
UCost,ec [JPY/KWh]

()
Optimization
Define cost of electrolyzer and battery, Given Constants
CAPEX,,, OPEX,,, CAPEX,;, OPEX, Unit Capital Cost
® Electrolyzer, battery
Minimize hydrogen cost, UCost,,, [JPY/Nm3] Operation Cost
by capacities of PV and storage, Electricity,

Cappy [kW] and Capy,; [kWh],
based on given unit cost of storage

( min (UCostHz))

maintenance
Design Variables :

Cappat,Cappy Capacity
() Electrolyzer,
() Battery,
o PV

National Institute for Materials Science



Reference Costs : Electrolyzer

Published Roadmaps

Fuel Cells and Hydrogen Joint Undertaking. 2014
1,860-2,320 EUR/KkW @ 2014
250-1,270 EUR/KW @ 2030

International Energy Agency,

Technology Roadmap:

Hydrogen and fuel cells, 2015
20,000-60,000 hr
(1,500-3,800 USD/kW)
@ 2015
80,000 hr (830 USD/kW)
@ 2030 S ]iO [1]?03 NZG3 H ;;] 30

CO; Frego'jéovg%ﬁ?gvsm”p' 2017 bEM Electrolyzer (WE-NET)

(385 EUR/KW or 455 USD/kW)

_Unit CAPEX

15
CAPEX

CAPEX [10° JPY]

\
| |
|
|
|
[ |
|
|
|
i
i
|
|
||
I
o o
(%]

Unit CAPEX [105 JPY/KW,]

(=]
w

Settings : 30,000, 50,000, 100,000 JPY/kW (Discrete Values)
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Reference Costs : PV

FEEIRL

Published Roadmaps P mmmenessascnn
NEDO PV Challenge mA S

7~14 JPY/KWh

The SunShot Initiative’s

ERER| - BERAE 5

l FAH . RSSO HMNB M TR
TERR AT TR O AL T
[

2030 Goal & Renewable %;'E;:ﬁ:vi N S e
Power Generation Costs in 2017 F . E—— ]

3"’5 JPY/kWh E11 FEEASATLOREIR FERLERSFUT
(0.03 ~ 0.05 USD/kWHh,

i3t : NEDO fEsk

110 JPY/USD) R —
Recent Procurement Price u
Renewable Energy Project 2

Development Office, Saudi
Arabia.(2017)
1.95 to 3.68 JPY/kWh H12 SEEAYATLOREIR MERSTUF I
(6.70 to 12.63 Halalas/kWh,

0.291861 JPY/Halalas)

Reference Values : 3, 5, 7 ---JPY/kWh
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Reference Costs : Battery

Published Roadmaps
NEDO Secondary Battery Roadmap, 2013
5000 JPY/kWh at 2030
Berckmans et al., Energies, 2017
5500 JPY/kWh (50 USD/kWh) @ 2030
Ultimate Target of 5000 JPY/kWh assumed

(2) BEER-REHO—KTvS
(BMUEZEST/ v TODER)

| JFE > omowm > soumm 1> zosomih D>

THILF-FEEE:30~50Whikg, H DB :1,400~2,000 wy 200 Whikg. 2,500 Wikg >

Hi ﬁ_ﬂﬁiﬁﬂ 2R F:#110~155F/KkWh #1275 F/kWh
—REH [ AL oo — 6 5104, (5L HF®:2,000-4,000 > 10~154 ., 4,000~6,000 >
LIB{&#&HEVA EROH =2 >
PHEVH EERDH ERH >
PHEV®D E& T EfTIEM: 25~60 km 60 km
(EVEF TRBHAE #£8\vsEE: #100-180kg 50 kg
60% &L= @A) HERAvIER: 5~12 kWh 10 kWh
EithaRk: 505H 205 H
I&LF -5 E:60~100Whikg, H h#E:330~600 Wikg 250 Whikg, ~1,500 W/kg 500 Whlkg, ~1,500 W/kg ™\ 700 Whikg, ~1,500 Wikg
I*"’f‘ﬁiﬁiﬂg 3Rk #7~105F/kWh > #2755 H KWhEL T #1175 F/kWh #5F F/kwh
— | AL — & 5~104F, Y4 2ILF A5 :500~1,000 > 10~154F, 1,000~1,500 > 10~1548, 1,oao~1,5oo> 10~154F , 1,000~1,500 >
EVA | ERDH S #2M =
™ =
N FE{TIER: 120~200 km 250~350 km 500 kmi2 & 700 kmF2EE
;1:1%%4]%\3;&&@ L7 EH/vIEE: 200~300 kg 100~140 kg 80kg 80 kg
(R F) A R 100% eﬁ—um BE/\v/BER: 16~24 kWh 25~35 kWh 40 kWh 56 KWh
) - J EihaAr EfIAR: 110~240F HEE, 260~37675, 50~8075 M., 200~23075 1 407 M., 1905 2855 M. 1805H
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Objective Functions & Method

[Objective Function]
Hydrogen Production Cost (¥/Nm3-H,)
=(PV LCOE)x(PV Output)+(Capital Costs™ + OPEX)
*Battery & Electrolyzer

UCostelec - J Powpy(t)dt + (CAPEXe)y/Lely + OPEX)y) + (CAPEXpa¢/Lipar + OPEXpat)

UCosty, = Prody;
Major Technological Parameters Assumed
Battery : Depreciation = 20 y; Efficiency = 0.9; OPEX = 0;
Electrolyzer :  Depreciation = 10 vy;

Other parameters are from WE-NET report

[Optimization Method]
Non-linear Problem (Non-monotonic increase/decrease)
=Difficult to find rigorous solution
Golden ratio division method (Kiefer,1953)
Relative Error of 0.001 allowed
X Strategy to find neighborhood solution
Explore wide range of parameters space
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Example

No C-rate constraint

Electrolyzer Cost CostH

s 5,000 JPY/kKW  °T 1 [PY/Nm?]
—_ 80 . 8000
S 76 Production of _ s+ o
i 72 4 3 < 68.00
b 2 ~1x104 Nm3/h £
—~ X 6 60.00
64 > 56.00
— 60 o 52.00
= sa =] o
; 52 3 40,00
= a8 O, _| 26.00
; a4 z 2500
o | 40 24,00
) et A I R B N 2000
32 0 4000 8000 12000 16000 20000 12.00
+ 8.000
8 zl: Battery Cost [JPY/kWh] s
0.000
O 20 Cappy [kW] Capsro [kWh]
> 16 0 ase . O] oy
(a 12 ‘ 3 405 , 1120246
8 = 87 3800 8 1.063e+6
. 1.006e+6
3 ; G — gggge ; H— 9,496515

0 X x
3 =53 o

2762 358

Battery Cost [JPY/kWh] o0 & . el WP
— 2488 — 7.221e45
B 2-H om2e 2 665245
(@] 2215e Q 6.083e+5
o S S S — 2078 O \ ! | 5515645
> © I I | | | 1oaze > ° \ \ | | | 4546645
O 0 4000 8000 12000 16000 20000 | 1gose O 0 4000 2000 12000 16000 20000 4 577045
: _ Battery Cost [JPY/kWh] [12%  Battery Cost [JPY/kWh] [§3===*
K| kUCh| et a/. / Int J H2 Cappv 1395645 CapSTO 2671845
i 1258245 > 2102245
Energy, 44 (20 19) 145 1 E mln(COStH) 1.122e45 E mln(COStH) 1534245
0851e+ 0.640e+4
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Kikuchi et al., Int J H,

Cost Breakdown Energy, 44 (2019) 1451

60 60 ® Electricity u Lost electricity (loss2)
. Lost electricity (loss1 Batt

50 PV . 7 JPY/ kWh — 50 :E?esctfolysinscg}lar(ltoss ) lEIecf:glysis operation
- mE & maintenance
S S« PV : 5 JPY/kWh
>_
E ks
Jg 20 = Electricity = Lost electricity (loss2) 3 20
&) W Lost electricity (lossl) Battery O
- 10 [ Electrolysis plant B Electrolysis operation = 10

& maintenance
0 0
1234567891011121314151617181920 1234567 891011121314151617181920
UCosty,: [103 JPY/KkWh] UCosty,: [10° JPY/KWh]
60 X Electrolyzer Cost : 50,000 JPY/kW
lEIectricity._ = | ost electricity (loss2) o .
— 50 = Electroysis plant = Hectralysis operaton v’ Electricity cost dominant
= # melntenance v Battery cost of 15,000
x PV 3JPY/kWh _ JPY/kWh >Change of
EZO ‘ - Electrolyzer trend
g Batter = (CAPEX+OPEX))
= 10 . .
- PV Electricity
0 = (for electrolysis + loss)

1234567 8 91011121314151617181920
UCostp,: [103 JPY/KWh]
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Kikuchi et al., Int J H,
Cost Breakdown Eneray, 44 ?2019n)t1451

60
B Electricity m Lost electricity (loss2)
50 Lost electricity (lossl) Battery
o B Electrolysis plant m Electrolysis operation
e & maintenance
= 40
>
(a
=, 30
T
£ 20
o
U e
- _
0

1234567 891011121314151617181920
UCosty, [103 JPY/KWh]

Battery cost = Unit cost (JPY/kWh) x Installed capacity (kWh)
from 20,000 JPY/kWh to 14,000 JPY/kWh
Installed capacity increases, Unit cost decreases
from 14,000 JPY/kWh to lower

Installed capacity reaches plateau, Unit cost decreases
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Battery Installation

Kikuchi et al., Int J H,
Energy, 44 (2019) 1451

45
UCostgjec
40 7 JPY/KWh
35 — - — 5 JPY/kWh
- — — - 3 JPY/KkWh

W
o

Inflection zones

=N
U O

Electrolyzer Cost
CAPEXg)y: 30,000 JPY/kW

/Capey [KWh-battery/kW-electrolysis]
N
(O]

10
: CAPEXjy: 50,000 JPY/KW
- S CAPEX,}y: 100,000 JPY/kW
S g 0 __\ il S S p—
§ 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

UCostypae [103 JPY/KWh]

Threshold for battery installation
OCost for electrolyzer
x Electricity cost (=PV cost)
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Cost Breakdown

Kikuchi et al., Int J H,
Energy, 44 (2019) 1451

80 W Electricity W Lost electricity (loss2)
W Lost electricity (loss1) © Battery
— /0 ® Electrolysis plant = Electrolysis operation
% 60 & maintenance
= 50 PV 3 JPY/kWh
a 40 Battery 5,000 JPY/kWh
9\
= 30
%))
S 20
—
- I
0
10 20 30 40 50 60 70 80 90 100110120130140150
UCostg)y [10° JPY/KWh]
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Toward Bright Future Vision

Academia : Deep-decarbonation Vision Reg|onal Stake-holders—------__
Economically Rational Renewable Hydrogen ) Renewable .
/Svstems Engineering N Grid connection dlfﬂculty )
Battery " Local Government Decreasing benefit
H,-Fuel Cell 7 No future vision !
Chemistry- Photovoltai Infrastructure dependency on big company !
Material ( . No local employment !
1 1 ® Consumer
¢ \lﬁm Battery expensive !
e el 1\ " H,-Fuel Cell expenf,!ve -7

zg 6 e /

Implementation of systems by
sharing region-specific problems
creating bright future vision &

Ut|I|ty Company
Vision for business growth??

( e e opblet [ ! transition scenario toward the vision
‘ Economic benefit 27  Battery supplier
Subsidy
Small market

Ny - l.-
... SExpensive depentflent
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Summary

OChanging landscape toward 80% GHG emission
reduction overviewed

OWe proposed an integrated H, production system as an
option for massive penetration of variable renewables

OBattery-assist can reduce CAPEX of Electrolyzer and
increase capacity ratio of electrolyzer

OSystem optimization indicates rational H, production
by future development of component technologies
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