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1. What’s NEDO - History and Missions @EDO

Technology Strategy Center -

History:
1980 New Energy Development Organization established
1988 Industrial Technology research and development added

Two basic missions:

1. Addressing energy and global environmental problems
2. Enhancing industrial technology
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1. What’s NEDO — National STI Structure in Japan

nEDo

Technology Strategy Center -

Cabinet office Council for Science, Technology and Innovation (CSTI)

Policy and Budget allocation

“Science and Technology basic plan” etc. Consultation

Ministries
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(Ministry of Education, Culture, (Ministry of Economy, Trade Ministries
Sports, Science and Technology) and Industry)

Budget Budget Corporation‘Budget ‘Budget
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(Japan Society for the (Japan Science and /(-I‘\E Do

(National Institute of
Promotion of Science) Technology Agency)

Advanced Industrial
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1. What’s NEDO — NEDO'’s Technology Development Fields @EDO

Technology Strategy Center -

Covers a wide range of technology fields, necessary for the future

Industrial Field

New energy

Clean coal,
technologies

Rechargeable batteries
and energy systems

Global

warming

mitigation
Environment and f,:{%‘?.?;ﬁiff.{m
resource conservation expansion




1. What’s NEDO — Major impact of NEDO’s R&D @EDO

Technology Strategy Center -

Photovoltaic power Fuel Cells for
generation Household Use
NEDO reduced the cost of cell NEDO developed and

module to 1/200. distributing fuel cells.

Concen trated photovoltaic power generation system

NEDO Success Stories http://www.nedo.go.jp/english/publications_brochures_index.html 4



2. Japanese Energy situations — Two major changes in 1970s and 2011 ‘MEP©

TSC Renewable Energy Unit

“ Two major events had paved the way to the drastic improvement of energy efficiency in Japan

Trend of Japan's Composition of Power Sources (Energy Sources to Generate Electricity)
Renewable energy, etc.

Renewable Coal 4.7% (only domestic coal)
energy, etc. 0.03%

Imported coal
=298

The 1st oll shock
CoPs

Dependency on fossil fieals from 62%
foraign countries

Dapandency on fossl fuals from ?‘6% -
foraign countries wWe Coal 31.0%
* Baged o e compostion of poseT EOUTDes [+ oal o 1.U7%
Almost only

Imported coal

Dependency on fossil fuels from ( 88% >
foreign countries

Saurce: Fedsration of Elsctric Power Companies of Japan (FEPC) "Composition ratio of penerated elsclric power amourt By power source” ste. : Calculated % by USing genersted slectric power amounts.
The "aither gases” mariy indcates sty gas, rstural gas, and coke aven 5as used lor mined combustion by general eksetrisity Utifties.” The 1otal amount expressed in % might rat b 100% dus 1o reurding.



2. Japanese Energy situations — Long-term Energy outlook

@E DO

TSC Renewable Energyunit Il W
Electric power demand Power source mix
Thorough energy ef_ﬁciency {Total power generation)
and conservation
196.1 billion kith 1 2?3 billien KWh
17% lower than before the —— —
implementation of the energy =5 FFwer Canserxra110|1 (Total pawer generation) ..y power:
; conservation measures ; 7% 1,065 billion kWh T,
Econormic growth i —— T
1?%’?&8[‘ ISIIBUNON (055, &0, |
I Energy efficiency and
! conservation + Wi Ao 15
| renewable energy
; account for 40% Solar power:
i 7 0P
|
! Muclear povder Muclear power:
! 17 to 18% A 1o 22%
[
; | Elecinc power
b O | 680 8 billon
9666 billion i KWh
KWh i LING: 22% LNG: 27%
i
: Coal: 22% Coal: 6%
|
FY2013 FY2030 FY2030
(Actual value) *Walues are approximate 6

Source: Long-term energy Supply and Demand Outlook, METI



2. Japanese Energy situations — Energy consumption overview

rEno

TSC Environment &Chemistry

Japan consumes 21 EJ of primary energy, and loses the 64% as waste heat.
The major losses come from power generation and consumption in industry,
transportation and residential/commercial sectors.

Nuclear
0.2 Re

Loss (57%)

Natural G
2 usrz a Electricity Loss
Transmission Loss 136 (64%)
Useful Electricity / Loss (~40%)
> b Useful
Seru
Petroleum Gas Gas 1.3
7.9 T n Loss (~70%)
Lt uits i Liquid Usetul
onversion Loss
Fuel FGUZI Loss (~40%) UserI
' (36%)
....... SOCOAS reat  Heatog Conlfcakea | .
Supply Use Secondary Energy  Use
~ Y ~ ~ Y ~
Primary Energy Consumed Energy

Energy Supply and Consumption in Japan (FY2016) Unit: 108} (EJ)



2. Japanese Energy situations — Primary drivers of Energy policy

@ EDO
C1Supply Side

® Electric Power Market Reform :
Full liberalization of retail
® Mixed use of various resources while increasing RES

[0Demand Side

® Smart Energy Saving by xEMS
- NET Zero Energy House / Building (ZEH / ZEB)

ZEH Target = more than half of newly construction @2020
Standardized for all construction @2030
® Battery, Storage

® Smart Demand : Demand Response
® Co-Generation(CHP), FC
® Next Generation Vehicles (EV / PHV / FCV) 3




3. Next Generation Vehicle
— Reduction of dependence on fossil fuel and CO2 emissions
CO2 emissions
Transportation

Do

Dependency on fossil fuel (Transportation sector)
LpPG Gas Electricity
Lubrltilnﬂng 1.6% 0.1% h
0 -
1.1% Others (vehicle,ship etc.)
170million 217million
Petroleum products | ¢13.40) (17.29)
account for over 95% A,
/ \\\\ o
/ N4 \
/ p
Diesel / / \
fuel |' [ CO2 total discharge [operations||
29_3% 2014 | Industrial 1,265 ml|||0n tons ] section |
3.125 % 10 J V| section | 2014 /_/’ 251m"ﬂ“°" /
| 429miion | S L420.6%)
33.7%) | N /
N e I:I/ BN /
N { | ome
\\ : ," section \\\./
e [ |192milion| .~
~ [ | 418.2%) |
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(source): Japan Green Gas F\V;ntory Report 2016 (MLIT)

{source): Energy White Paper 2016 (METI)
CO2 emissions
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m Well to Tank m Tank to Wheel
160
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EV(2030) IEESEEGC 47,0
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9

0 20
EVs could cut CO2 emissions by half compared to conventional vehicles, contributing to environmental benefits.

2 In the case of considering Japan’s future power generation portofolio.



3. Next Generation Vehicle — Target

The Japanese government is aiming at increasing the market share of Next
Generation Vehicles among new car sales to between 50% and 70 % by 2030.

2016 (Result) 2030(Target)

Gasoline Vehicle 65.15% 30~50%
Next Generation Vehicle 34.85% 50~70%

Hybrid Vehicle 30.76% 30~40%

. . o

Plag-in Hybrid Vehicle 022% 20~30%

Fuel Cell Vehicle 0.02% ~3%

Clean Diesel Vehicle 3.46% 5~10%

«Reference» New Passenger Car Sales : 4.146M Unit (2016)
[Source] Next Generation Automotive Strategy 2010 Automotive Industrial Strategy 2014

GnEo
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W'\

Driving range : 400km @JC08-Mode
Selling price : JPY 3.15 million

7

Nissan
Leaf

Capacity : 40 kWh, Weight : 300 kg
= Energy density: 133 Wh/kg )

(
TOYOTA

Prius PHV/Prime &4

Driving range : 68.2km @JC08-Mode
Selling price : JPY 3.26 million

Battery pack

Capacity : 8.8 kWh, Weight : 120 kg

\ Energy density 73 Wh/kg y

Summary of NEDO’s p
Vv

3. (1) Electric Vehicle — Targets for Advanced Batteries

erformance ta rgets

Energy density Wh/kg 250 500
Power density W/kg ~ 1,500 ~ 1,500
Bigtf; y Cost JPY/ kWh 20,000 10,000
Calendar life years 10 ~ 15 10 ~ 15
Cycle life cycles 1,000 ~ 1,500 1,000 ~ 1,500
£V Driving range * km 250 ~ 350 500
Selling price Mil. JPY 200 ~ 230 190

* Battery usage rate of 100%

PHEV

Energy density Wh/kg 200
Power density W/kg 2,500
Battery Cost JPY/kWh 20,000
Pack
Calendar life years 10 ~ 15
Cycle life cycles 4,000 ~ 6,000
PHEV Driving range * km 60

* Battery usage rate of 60% for EV traveling

GnEo
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3. (1) Electric Vehicle — NEDOQO’s Battery projects

Mission 1. Accelerate commercialization of novel cell components
which contribute to high-performance, high-safety and cost

reduction of LIB

2. Improve R&D efficiency of the Japanese battery industries
and academia

3. Support for Japanese materials suppliers considering entry
into the battery market

Develop materials evaluation techniques which will be utilized
as a common validation(benchmarking) index for the Japan
battery industries and academia

All solid state LIB

<The 1st work>

Materials Evaluation Techniques
for Current generation LIB

Materials Evaluation Techniques
for Advanced LIB
<The 2nd work> <The 3rd work>
Materials Evaluation Techniques planning
for All Solid State LIB

12



3. (1) Electric Vehicle — V2X technologies

1) V2H/VPP

V2H (Vehicle to Home) 525 V2G (Vehicle to Grid) H:B VPP (Virtual Power Plant)

x Future plan - - 2 _
: I-----ﬂ ’ s q==- N W Residential
I 1 ' - -
i 8 B
| 1 | e, &
i ! :
| Switchboard | g L 7 EVPCS b W A m [ xf-, ”
! = v N J. e .y [ =
i NS y ! : | . %.
] i H .
. . _f_ ---m % Charger — lCharger WH
/ ZL? : Virtual PowerPlant  jon: cateway
Dictributian beard u _ (WPP) | smatPcs P
EV PLS EV PGS &
Home Parking lot i

2 ) Strategic allocation for EV charging place
Workplace [ Shopping mall (V2B in daytime)

EV users'
behavior

e = o

(—

A
\ aTJ \ &

C ’ﬂ':]_—-l

Distribution T
BaE& Parking lot 1:
night day night night day night
* * —y
EV charging EV discharge for peak cut

by PV excess energy

Do

13



3. (1) Electric Vehicle

Major examples of NEDO SCC demonstration projects

ZNEDO

NEDO is implementing a lot of demonstration projects in various regions and countries
including these examples.

' Manchester (UK)

Ontario (Canada)
PV with Battery
demonstration.

Direct control & aggregation the
electricity consumption of each
household with the heat pumps

Lyon (France)

Positive energy building,
EV car sharing and energy
audit demonstration in re-

\

Maui island
(USA)

Direct control against
EV, for absorbing
large scale
introduction of

developed city

Speyer (Germany)
Self consumption HEMS
demonstration.

California(USA)
Inter city EV Quick
Charger demonstration

Indonesia
Power quality
Management for
Industrial Park.

California(USA)
Utility owns Battery
Storage demonstration

~

Malaga(Spain)

EV charging infrastructure and
driver navigation system

14




3. (2) Hydrogen Society and FCV — Why Hydrogen i
(_N EDO

A

Hydrogen is attracting attention as a secondary energy that contributes to solve problems
such as global warming and depletion of global energy resources.

@® Abundant :
- Possible to produce from various energy sources

® Clean:

-Zero emissions
-High total energy efficiency by combining
electric and thermal energy

@® Flexible carrier :

- Achieves higher level of energy security
- Possible to store and transport every form such as
gas, liquid and solid

15



3. (2) Hydrogen Society and FCV — METI's Strategy Roadmap

Phase:1

A dramatic increase of
Fuel Cells Installation

2009:

Residential ‘FC

'[_ f\ En' 2014: FCV
2020 g =

ey

Tokyo Olympic
/Paralympics

2014:HRS

2030

2040

FCV : Fuel Cell"'Vehicle

HRS : Hydrogen Refueling Station

Phase:2
Hydrogen Power Plant/

Mass Supply Chain

____________________________

- Accelerate RD&D

2nd half of 2020’s:
-Enhance Supply Chain
in Japan

Around 2030:
-Hydrogen Powe

Phase:3
CO2-free Hydrogen

___________

Around 2040:
-Full Scale

CO2-free Hydroger

nepo

16



3. (2) Hydrogen Society and FCV — Current status of FC application

@EDO

Residential Fuel Cells
Marketed in 2009

Syl

IGNQFHQM

Around 212,000 uts
deployed

FCV & HRS

91 Stations
Opened
(9 in process)

Ta rgets
» 1.4 milllon units by FY2020
» PEFC : 800,000 yen
(approx. $7,000) by FY2019
» SOFC : 1,000,000 yen
(approx. $8,800)by FY2021

Targets

ECV

+ 40,000 by FY2020
-200,000 by FY2025
+800,000 by FY2030

HRS
+160 by FY2020
+320 by FY2025

b ]
e—

17



3. (2) Hydrogen Society and FCV — New FC Application in 2017 @EDO

New FueI Cell Bus w/ 70MPa H2 storage tank

N — Tokyo Metropolitan Gov.
B Purchased 2 FC buses.

W Plan to install over 100 by

Fuel Cell Forklift (launched in 2016) |

38 FC Forklifts market
introduction as of July 2017

18



3. (2) Hydrogen Society and FCV
— Highlight of NEDO’s Program (PEFC)

NEDO focused on basic research.

/ AnalysisZTechnoIogy (PEFC reaction mechajgism)

228 ym 288 um

3D vistialization of PFEC anode
K catalyst degradation

LOW g AAY - HIGE

Water distribution in PEFC /

10 min 20 min

/ PEFC performance evaluation

» 1k l”___, 22 U

Material Design Concept \

mbrane Membrane Membrane Membra
. rane Mer'

nepo

79



3. (2) Hydrogen Society and FCV

/\
— Highlight of NEDO'’s Program (SOFC) (_”EDO

SOFC for commercial use: Demonstration Phase

Mitsubishi Hitachi
Hitachi Zosen Power Systems
Manufacturer (MHPS)

Demonstration model

Appearance

Output 250 kW
Electrical
generation Qe s 50 % 50 % 50 % 55 %
efficiency consideration)

(target value)

Total efficiency (under 90 % (under 30 % 73% (hot water)
(target value) consideration) ¢ consideration) ? 65% (steam)

Major envisioned Barbers and hair salons, small stores, Gym, welfare facilities, hospitals, small  Data centers, large
demand family restaurants buildings buildings, and hotels

20



3. (2) Hydrogen Society and FCV

/\
— Highlight of NEDO’s Program (H,GT) (_”EDO

Developing combustor for H, gas turbine

" ‘ T = i - “‘

21




3. (2) Hydrogen Society and FCV P
— Highlight of NEDO'’s Program (Supply Chain) (_”EDO
Mass & Long Distance Transport l J

H2 resources 7 Liquefied H,
in Overseas ,

R4t . HySTRA

(BT E#ESE CO7U—KRYT54F z—HHERM)

Image of liquefied H2 tanker 22



3. (2) Hydrogen Society and FCV

/\
— Highlight of NEDO’s Program (electrolysis) (_”EDO

R&D on Electrolysis : Alkaline, PEM, SOEC, etc.
(scale-up (MW class), durability, load following, performance)

ELT
— 1.9 ”ydluscuiba
~ METI Target
o 1.8 [@]
P" NEL
= <€
=17
- ~
3
16 —
1.5
0 0.2 0.4 0.6 0.8
. - Current density (A/cm2)
2.6
10 . .
24 _ Performance of Alkaline Electrolysis (120kW)
2.2

N
Cell Voltage(V]

- 1.6

Y - Y B

Cell Voltage Response(V)——
T T T 1.2

T T
16:00 16:30 17:00 17:30 18:00 18:30 19:00
time (Hr:min) 2 3

Current Density(kA/m2)
wu




3. (2) Hydrogen Society and FCV P
— Highlight of NEDO’s Program (Power to Gas) (_”EDO

= N ___ BN T Pry
e U, s e L
@ Sendai city @ Tomamae town, Hokkaido
(Water purification plant) WT + 135kW electrolysis
PV + 24kW electrolysis - Enhancing WT capacity factor
- Enhancing PV capacity factor (excess electricity to H2)
- Emergency power supply - Thermal energy (H2 boiler)

24



3. (2) Hydrogen Society and FCV
— Highlight of NEDO’s Program (Power to Gas)

@ Fukushima Pref. 10MW electrolysis

25



4. International Cooperation — Smart Grid technologies @EDO

Standardization

Public Framework Private Framework
Framework

J S C A Member

Japan Smart Community Alliance

26



4. International Cooperation — Hydrogen technologies @EDO

I“ INTERNATIONAL PARTNERSHIP FOR
HYDROGEN AND FUEL CELLS IN THE ECONOMY
~
HYDROGEN IMPLEMENTING AGREEMENT
Techwology Collaboration
ng}rﬁ WAWAE DI
Advanced Fuel Cells
NG J

27



5. Conclusion @EDO

» Need for improving Vehicles
- cost down
- driving range

» Need for providing useful infrastructures
- deployment of easy-to-find and fast chargers
- contribution to stabilize renewable energies
using V2X technologies
- establishing of efficient supply chains

» Need for international cooperation

- information exchange
- standardization 28



