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1. Outline of NEDO /@eoo

New Energy and industrial technology Development Organization

NEDO is Japan’s largest public R&D management organization.
Following the two oil crises of the 1970s, the need for energy diversification
increased. Against this backdrop, NEDO was established as a governmental
organization in 1980 to promote the development and introduction of new
energy technologies.

Chairman: Mr. Kazuo Furukawa

Organization: -Incorporated administrative agency under the

Ministry of Economy, Trade and Industry (MET]I)
of the Japanese government
- Established in 1980

Location: Kawasaki City, Japan
Personnel About 800

Budget Approximately 1319 million USD (2015 fiscal year)



1. Outline of NEDO @eoo

Japanese version of Department of Energy (DOE)
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1. Outline of NEDO @EDO

Creation of Diverse Innovation

Nanotechnology,
materials__

Energy
conservatio

Clean coal technology


http://www.nedo.go.jp/hyoukabu/articles/201001sony/index.html
http://www.nedo.go.jp/hyoukabu/articles/201001sony/index.html

1. Outline of NEDO @eoo

NEDO’ s R&D led to the creation of the Solar Cell Market

 NEDO carried out 30 years of research to “COMMERCIALIZE” PV technology.
« A system installation price is 10 times Lower Now.
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1. Outline of NEDO @EDO

Advanced LED Technology

« The project leader, Professor Hiroshi Amano, was awarded the 2014 Nobel Prize
in Physics.

NEDQO's Project Leader is
GaN substrate  LED package  LED lighting a 2014 Nobel Prize Winner!

GaN crystal
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1. Outline of NEDO @EDO

Blu—ray Disc

« The development of the Blu-ray Disc technology was derived from a NEDO
project.

« The Project succeeded in raising recording density by technology which reads
data by detecting the very small pit on a disk with blue laser.

Cross—section and optical system differences in the CD, DVD and BD

CD DVD Blu-ray Disc
Capacity 700MB Capacity 4. 7GB capacity 25GHB
Label side 0.1mm
Label side 0.6mm
! g | cover layer
1.2mm cover layer Label side 1.7mm
A B
. cover layer
lens numerical lens numerical 0.imm
\ aperture aperture .
Laser 0.45 Laser 0.60 Laser lens rrt1umer|ca|
wavelength wavelength wavelength  aperture

780nm 650nm 405nm



http://www.nedo.go.jp/hyoukabu/articles/201001sony/index.html
http://www.nedo.go.jp/hyoukabu/articles/201001sony/index.html

1. Outline of NEDO
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Today’s Topics @EDO

2. Recent Issues and Challenges in the Energy field.
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2. Recent Issues and Challenges in the Energy field

1) Climate Change

2) Penetration of Renewable Energy

3) Introduction of Distributed Generation
4) Needs for Resilient System

5) Challenges for a Mass Introduction of Renewable
Energy
I. Frequency regulation
ii. Duck Curve Problem
li.Voltage rise

@E DO
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2. 1) Climate Change

 Global mean Surface temperature has increased
since late 19th century.

A warming of 0.85 ° C (1880-2012)
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2. 1) Climate Change

source: NOAA



2. 2) Penetration of Renewable Energy @Eoo

Solar Panel Price is going down in the World

* Price of PV is going down. Recent data from US shows the price of PV is
now under $0.65/W (1979; $33.69/W) .

* The cost of the energy from PV is lower than the electricity price from
utilities in many places.

Solar Panel Prices Have Dropped 98% Since 1980
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2. 2) Penetration of Renewable Energy f\
[otal Installed Solar PV Capacity in the U.S.
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https://emp.lbl.gov/publications/tracking-sun-vii-historical-summary-installed-price-photovoltaics-united-states-1998-20

2. 2) Penetration of Renewable Energy

Total Installed Solar Wind Capacity in the U.S.
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https://emp.lbl.gov/publications/2014-wind-technologies-ma

2. 2) Penetration of Renewable Energy @Eoo

Renewable Energy Targets of the world

e Many countries already set ambitious targets for renewable energy.

Renewable Energy Targets

100%-
90%-
80%
70%-
60%-
50%-

40%-

-~ Germany
- UK

30%- i Chaly” T

Renewable Electricity Target

20%-

10%- —South Africa

Shin izvmo SHIMANE

Spectrum of renewable energy targets

2020 - 2021 ments  Energy strategies and Detailed roadmaps and Legally binding
100 TWh 500 TWh . 2023 - 2025 scenarios action plans renewable energy targets
el (e.g. electricity expansion plans, (2. NREAPs, five-year plans, ows
2030 - 2032 i infegrafed resource plans) renewable energy programmes, 2

technology-specific roadmaps)

Source:.IRENA “Renewable Energy Target setting”



2. 2) Penetration of Renewable Energy @EDO

California Renewable Energy Target

* The California State must achieve RPS target of 33% by 2020.

* Governor Brow has just signed new ambitious RPS target of 50% by 2030 on
October 7th.

Currently Under

SB-350 Clean Energy and Pollution Reduction Act of 2015.(2015-2016) Contract for 2020
Senate Bill No. 350 Approved by Governor October 07, 2015.
PG&E - 31.3%

SCE - 23.9%
SDG&E — 38.8% Si
SDG&E - 23.6%

2003 2004 2005 2006 2007 2008 2009 2010 2001 2012 2013 2014 2005 2016 2007 2018 2019 2020

GWh

oo Actual 2013
woo  |PG&E - 23.8%
woo | SCE  —21.6%
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Source: Go-biz
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Source:CPUC “Renewables Portfolio Standard Quarterly Report Q1 2015” 19



2. 2) Penetration of Renewable Energy @Eoo

Hawaii Renewable Energy Target

The State of Hawaii set a RPS target of 100% by 2045 on
July 1st. 2015.(HB623)

State of Hawaii
Renewable Portfolio Standard

120%
Utility Power Supply
Interconnection Plan
100% Projections
80%

Energy Efficiency
not Included
(2014)

60%

Energy Efficiency
Included

40%
Source: Governor.hawaii.gov /
20% \ i
0%
2010 2015 2020 2030 2040 2045
Renewable Energy Achieved M RPS Targets

Source: HNEI
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2. 3) Introduction of Distributed Generation

Roof—-top solar is penetrating to the customer side.

Residential solar PV capacity 0.8GW(2011) — 4.4GW(2014)

Source: EIA data

-

@EDO
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2. 3) Introduction of Distributed Generation @Eoo

* The spread of EV will cause a higher peak of demand.
* EV can be used as a battery.

EV Sales An image of power demand

EV Charging
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Source: California Plug-In Electric Vehicle Collaborative The figure is for illustrative purposes only.
source : Hawaii University

Cumulative 2011-present: 339,529 (National)
Cumulative 2011-present: 142,069 (CA)
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2. 3) Introduction of Distributed Generation

Other tools for Distributed Generation

=B B 0 = B E; qut
Source:DOE, PG&E Drisfsniens

o
Demand Response Hydrogen Fuel Cell

@EDO
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2. 4) Needs for Resilient System @EDO

*Hurricane Sandy alone caused more than 8.5 million power outage across 21States.
*Centralized grids are inherently vulnerable to single points of failure.
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Source: DOC/NOAA web
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2. 4) Needs for Resilient System

@EDO

Operational Experience of Sendai Micro Grid

 Sendai Micro Grid survived the huge earthquake and supplied electricity
to the hospital.

2011)

Great East Japan Earthquake( 2:46 pm on March 11,

Demonstration Project on Power Supply
System by Service Level

25



2. 5) Challenges for a Mass Introduction of Renewable Energy @Eoo

. Frequency regulation

* As renewable energy sources are variable in nature, they could cause difficulty in the stable
supply of electricity when introduced on a large scale.

* Power demand and supply always need to be matched, and frequency is maintained constant by

matching demand and supply.

An example of solar photovoltaic power
(kW) generation output

2.5
ol
1.5
1
0.5F
06 | T 8 w/WW 18 19 (Time)

An example of wind power generation output
(kW)
1, 200 - Rated output({, 100kW)

1,000
800 TH
600 i
400 ]

ZOOWI

0 6 12 18 24 (Time)

- Cloudy [

N Fine weather

An image of making adjustment
between power demand and supply

/

\ - Drop in frequency

Demand-supply adjustment: Adjust the power generation amount Fpower
to match the power load. generation
Load (demand)

oo Frequency

- Power demand >
Power generation

- Power demand <

- Rise in frequency /

Power generation
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2. 5) Challenges for a Mass Introduction of Renewable Energy

Net load in CAISO (GW)

Il . Duck Curve Problem

* Due to increase of rooftop PV, big demand drop appears in noon time and
big ramp appears in the morning and evening.
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at the big ramp caused by
» Fluctuation of PV
» Gas fired peaker
Surplus of Renewable
Generation

@EDO
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2. 5) Challenges for a Mass Introduction of Renewable Energy @EDO

lli. Voltage rise

o If the we have a large number of PVs in a feeder, the voltage rise problem occurs.
* The voltage rise may result in a fire of a transformer.

Load Load

Distributing substation 100/200V é‘ g @ @i
_@_:_5 6600V I voltage
P —

Reveré power flow
(Reverse flow of solar PV power output into the system side)

Optimum power 1OV e ;__;7_With reverse power

Power flow (Electrlc current)

voltage range Power flow
—
(101:6V) vollage -\Vithout reverse

OEN [ e e e i e e e e e e e e e e power flow

Distance from the transformer of the distributing substation

Source: Material for the Secretariat of the 1st Next Generation Power Transmission/Distribution Network Research Meeting, Agency for Natural
Resources and Energy

An image of the voltage rise problem in the power distribution system

28



Today’s Topics

3. NEDO’ s Smart Grid Demonstration Projects in
the U. S.

@EDO
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3. NEDO’ s Smart Grid Demonstration Projects in the U. S.

1) Project in New Mexico,
I.  Albuquerque

1. Los Alamos

2) JUMPSmartmaui project in Hawaii

*¥* Coming California projects *¥
/. DC Fast Charging Project
Il . Energy Storage Project

@EDO
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3.1) i.Albuquerque

Micro Grid Plant in Albuquerque

Micro Grid Plant

=

Mesa del Sol Aperture Center

Sandia National Laboratories
University of New Mexico

Public Service of New Mexico

Mesa Del Sol

31




3.1) i.Albuquerque

BEMS configuration

Air-cooled
Estimated load of building Thermal storage tank refrigerator
400kW 70USRT

500kW PV
2MWh Batteries

L

@EDO

Air-cooled

refrigerator Cooling tower
20USRT

Substation —

|
load Lead storage battery
100kW 50/90kW, 160kWh

Constructed power line
L PV Inverter
e Communication line 50kW

e EXisting power line

PCC: Point of common coupling

Fuel cell Gas engine generator
80kW 240kW

32



3.1) i.Albuquerque

Main Demonstration Contents

a) Independent operation of microgrid

BEMS

b) Virtual power plant

Co-operation with local utilitiy

@EDO
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3.1) i . a) Independent operation of microgrid

BEMS system

Function of supply demand management by BEMS

_______________________ - - -
BEMS Day-ahead supply-demand plan 'OR

Load (demand) forecast PV generation forecast

operation plan (supply power and heat plan)

Supply-demand control (electric power and thermal energy control)

Battery Energy Storage System

for reactive power control

-




3.1) i . a) Independent operation of microgrid

(oo

Performance results in BEMS islanding mode
* BEMS perfectly controlled the balance between demand and supply of electricity.
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3. 1) i.b) Virtual power plant @Eoo

Performance results in Grid-connected mode

* The system has the ability to change the target value at connected point to the Grid.
* The system can shift from the grid—connected mode to the islanding mode without

any instantaneous interruption.
—PCC —BAT PV —GE —FC —LOAD

300 i ] " 20713.09.0
250 oo - ---{-OAD-- - L ----------------- L -------------
AR o
200 - el Ry Vo Oy Ty b from oo 2 e} N
: Gas Engine 2
150 "5 oW s N W
= ! | !
= 100 - RS SRR Fuel Celb-------------—--
g 50 _% """ E'""?\C‘“;A:r: """"""""" E' """""""""
a. NNI W Ll N h
0 F 1,,'...«" ! Y I, VRPN g " A I | [y l_~|_ ________ _
' " El3attery :
50 e S A -~ 'H‘.
010 J R S ——— GG - - SRR S—
PCC reference O S SO S S
-150 0kW '| -50kW : =100kW |' -50kW
10:30 10:45 11:00 11:15 11:30
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. Los Alamos

Los Alamos National Laboratory
Los Alamos County

Source:Los Alamos Department of Public Utilities




3.1) ii.Los Alamos

System configuration in Los Alamos site

Demand/response signal

[=====__ _ __ Eajs k]
Battery charge / discharge commands
for PV output control
PV output Monitoring
- -

HEMS

Micro Energy Management System

Y

-

Stationary Battery system NEDO House
4 RESYSTEID (NN NaS or Lead batteries HEMS, 3KWPV
24xwn Heat Energy Storage
Point of common g. @
coupling (PCC) J L R ———
‘S Tieline monitoring 1.0MW | 0.8MW Demonstration of
for power flow control PV output real time
= N at the point of interconnection 6.0MWh| 2.3MWh control using battery
¢ ‘ for grid stabilization.
Micro-Grid Price Signal l ice Si
Transformer SMW P
'E N\ = Price Signal s ®
E i
5 PV system TMW installed s -
Small-scale buildings by a company in US Smart meter at residences

@EDO
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3.1) ii.Los Alamos @Epo

Main Demonstration Contents

a) Integrated energy management s ystem (14 EMS)

ey

—
| I

-4

......

LiLLl__g |

b) Demand Response

5 ' Result of demand curv (-
2 4._

Demonstration of
Smart House System

39



3. 1) ii.a) Integrated energy management system (£ EMS) @Epo

Function of supply demand management by yEMS

Prediction (demand, PV output) Day-ahead supply-demand plan
. Load (demand) forecast PV generation forecast

Supply-demand balancing
NAS battery operation plan (charge/discharge plan)
Optimum control of hybrid batteries ‘

Supply-demand control (hybrid battery control)

Coordination with upper level system Control NaS$ battery Control Lead-Acid battery

in low frequency range in high frequency range

Demand response

40



3. 1) ii.a) Integrated energy management system ( £ EMS)

@E DO

L EMS keeps the power flow flat with 50% Renewables under light load condition on

distribution line level.

U EMS can contribute to the issue of high renewable energy penetration.

MEMS dem

May 25, 2013 (Sunny)

Peak poWwer reduction effect Actual tie-line power flow
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800
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o e e e e e e e e e e e
tLm%%;fﬁi:?::>=~#£:=:=~<———
®

onstration results
April 20, 2013 (Cloudy)
—7
V4 e VLN
T a9 11111 Ll e 2N
W Lo N

Battery SOC

.
&

\..‘N A
¢ §

- sOClower|imit{10%)

b #
S r e S 5 3 o
& - + £ & &

Load factor: Without control 79.7%= With control 90.2%

Load factor: Without control 83.5%= With control 95.1%
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3. 1) ii.b) Demand Response @Eoo

e In Los Alamos site, 900 households with installed smart meters volunteered to
participate in the demand response demonstration.

Demand Response related system

Implement demand Management
response based on of smart meter
weather and demand data o
forecasts. Display price info
on IHD
( EMS Mater Data Management

System

Price info., display
meter info. Price (IHD)

Demand response

Meter infor

Portal

Demand response
management
information :
% site ’
\/ .\
Demonstration Data obile Participant

Calculate Management System phone PG
incentive

Display price info on PC and mobile phone.
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3. 1) ii.b) Demand Response @EDO

Demand response menu applied in the experiment

Opt-in Opt-out
Opt-in CPP Flat CPP -
Opt-out CPP CPP - Flat
Opt-out PTR PTR - Flat
Control Flat - _

CPP (Critical Peak Pricing) : Very high price during peak period and discounted price during off-peak period
[Price] Peak: 75¢/KWh, LAC flat rate: 9.52¢/KWh, Off-Peak: 7.77¢/KWh
PTR (Peak Time Rebate) : customers with peak—time consumption less than baseline will receive rebate

[Rebate] 75¢/KWh x kWh saved
The combinations of two pricing scenarios with default options (Opt—in and Opt—out)

43



3.1) ii.b) Demand Response @EDO

* The best result was obtained with Opt—in CPP in summer time where TOT was
10.49%, showing very high peak reduction effect.

Result of DR experiment in 2013

Choice

Opt-in CPP -10.49% 64% -6.90%

Summer Opt-out CPP -4.71% 98% -4.59%
Opt-out PTR -4.17% 97% -4.06%

Opt-in CPP -7.12% 64% -4.78%

Winter Opt-out CPP -4.41% 98% -4.27%
Opt-out PTR -3.37% 97% -3.26%

* TOT effect : Treatment on the Treated. Net peak cut effect when a treatment was given.
ITT effect : Intention to Treat. Choice probability x TOT effect.

* The majority of people do not own air conditioners.
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3. 1) ii.c) Smart house @Eoo

e The HEMS (Home Energy Management System) completely controls all household
Smart appliances and devices.

Energy system of Smart House

Smart appliances

e
Rt

Temp./humidity Motion Power

Jillurrg SOr
Sensors
45



3.1) ii.c) Smart house

Optimizing energy consumption in association with TOU

e HEMS minimizes energy costs of the home in association with TOU and does
not disturb the resident’'s comfort.
* The result of the demonstration is a maximum profit is $20/day.

Result of demonstration of TOU control

Rate category ToUO ToUl ToU2 ToU3 ToU4 ToU5
Virtual ToU rates Selling price(cent/kWh) 15 25 45 65 85 99
Purchasing price (cent/kWh) 10 20 40 60 80 90
A kWh PV + Battery
ToU O ToU 1 ToU 2 ToU 3 ToU 4 ToU 5
30
Purchasing g
Performance in power 20 \
power trading for a 15 \
smart house 10 \
(Sept. 25, 2013) . \
® 0 : "—__‘\0‘\ ‘
Selling -5
power | -10 \
WV -15
B Anintroduction of PV and battery produces $11.5 of income per day.
S B $20.5 of profit can be made compared with the case when PV and battery are
= not introduced resulting in $9 of spending per day.
B Impact on grid can be reduced and customer can expect great economic value.

@EDO
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3.1) ii.c) Smart house

Optimizing energy use in response to the request from ( EMS

e HEMS Perfectly controls the power output to the grid based on the
request from u EMS.

Results

Result of control in response to t EMS’ request

6
7\ w
L 4
L 4
4 -+
Purchasing power .
¢ ®
2 &$ *
o
& o
-8 -6 -4 -2 2 4 6
» kW
§ 2
Selling power #
L 2
# -4
V. [
. Output rating of hybrid PCS

Target Value of Power at connected point

@EDO
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3. 2) JUMPSmartmaui Project

B

NEDO |

‘ ‘ . Hawaiian
Electric

HNEI mauleconomic v maui
i Hauea! | Matural Enaegy natity DEVELOPMENTBOARD * ¢ ...ic

48



3. 2) JUMPSmartmaui Project @EDO

Maui of Hawaii Today

 High cost of energy is driven by variable olil prices.

Hawaii ranks #1 in electric energy costs:

45.85 cents/kWh Lanai, 47.06 cents/kWh Molokai, 41.89 cents/kWh Hawaii,
37.83 cents/kWh Maui, 35.48 cents/kWh Oahu (Avg. Residential rates in 2014)
11— 12 cents/kWh U.S. avg.

 Hawaii has relied on fossil fuels for 90% of its energy
consumption.

e I[sland is experiencing rapid growth of intermittent renewable
generation negatively impacting grid operations and reliability.
-RE ratio in Hawaii 21%(2014) Target; 100% (2045)

These circumstances are ideal to demonstrate advanced smart
grid technologies.
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3. 2) JUMPSmartmaui Project

Partners:

The State of Hawaii, Hawaiian Electric
Company, Maui Electric Company,
Hawaii Natural Energy Institute, The
County of Maui, The Maui Economic
Development Board etc.,

Entrusted parties;
Hitachi, Mizuho Corporate Bank, Cyber
Defense

Outline of the system

Island wide smart EV system
Allisland Energy

-
-
-
-
o
-

Smart home/community in Kihei

Maui Island

Peak load : 190MW_ .,
v x\

Off Peak : 90OMW
Wind P Solar Power
ind Power
61 MW
72MW _{/\
%‘%f &7

@EDO

* Manage EV charge
» Shift to midnight

» Stop charging when unexpected
Wind down ramp occurs etc.,

¢ 20 Quick Charging Stations

50



3. 2) JUMPSmartmaui Project @EDO

Geographical Locations of Devices in Maui
__,,.

SDeervSer room Pal’tICIpathn Of EV

EVECC

g;ug o bLC volunteers

Kapalua

AN
i . DC Fast Chargers(Installed)

A Kaanapali %’ 2
| A ;W;GUkK;m'n ; \ \ @ DC Fast Chargers(On going) 2 50 (CUI’I’ ently)
AP I AR |

‘, / ) ' f/;w' 400 (March 2016)

‘,vvﬂ b

(VEEIETEE]
)

Whole Maui Island : { :
Normal Chargers 200 &
sets

HUDMS 15 sets g C S -
SmartPCS 10 sets : [ Yol 20 Bulk Battery
Home Getaway 40 sets - (Lead Acid)
Home Battery 10 set '

Switch 12 sets
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3. 2) JUMPSmartmaui Project

@EDO

Demonstration Contents of Phase 1

Shift of EV charging load

Direct control technology demonstration

using EV/PHEV rij

Utility Batteries
+1 unit of Lithium lon
+1 unit of Lead Acid

. Mitigation of over—voltage issue at local feeders

D-EMS demonstration by controlling — =
demand and PVs under substation %3 Trans:

- former

g \_,F wDMS,
Station

52



3.2) i. Shift of EV charging load
S (oo

« EVECC controls EV charging period based on DMS forecast to best utilize
renewables (to reduce curtailment of renewables)

DLC (DR)

Smart City, Rlatform (Information Control Hub)

"
. 2M Network

oneziwndo relol

<

I
l

Sub Trans-

Station former
Partici;gants’ll:lI ouse

a

uoneziwndo snowouolny

<

EVECC: EV Energy Control Center
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3.2) i. Shift of EV charging load

Percentage

JUMPSmartMaui volunteer charging behavior at home

Connect Status(%)
Before November 2014 m Charge Status(%)

Before starting load shift

Charges during load peak hours

:IIIIIIIIIIIH

/(L_N\EDO

After starting load shift - . -
— January 2015 (80 EVs) EV charging load shifts by 3 hours ;
M EEEBEEEEEEEEEE - o
<kl BB BB EEBEBEEBEBEBEBEBERBER HEB _: O
-IYII.
20 _________________________ .—C“_ — ‘..0:
I BEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE -
Tariff |—"—| |—"—|
(TOU-R) Off peak On peak Priority peak Off peak
. System load and wind output curtailed in Maui System Load Load[’\ﬂ‘g’(])
10 Wind output curtailed /-a\ a0
Wind /g\ £ - S~
output — N __| Expected effects N\ [ 140
curtailed 6
MW, yd \C @ |ower load peak - 120
) eS—— ___— @® Reduce-wind-output-curtailment |00
0 80

Data source:HITACHI

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
[Hour]
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3. 2) ii . Mitigation of over—voltage issue at local feeders @Eoo

1t —-DMS monitors the grid status at transformer level and controls Smart PCS to
mitigate possible over—voltage at transformers with PV densely installed.

|

EVECC DMS DLC (DR)

Smart City Platform (Information Control Hub)

uoneziwndo
[e1ol

M2M Network

Trans-
- former

IJ'DMIQ'J

Participants’ House

Sub
Station

>
=
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o
>
o
=
o
=
n
@)
©
=t
3,
N
Q
=
o
>
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3. 2) ii . Mitigation of over—voltage issue at local feeders @EDO

* Micro DMS and Smart PCS can contribute to mitigate W ” "“"0
power quality issues in distribution grid with PV densely 29 SW“C““""""‘Oz“"
installed. 6"

SmartPCS

D>

@: on secondary of the transformer
: at SmartPCS grid connection point

» This circuit voltage is above nominal. * Threshold of SmartPCS is set to produce reactive power
* Voltage at SmartPCS is higher in average in this operation mode.

V] than transformer which could result in * It resulted in voltage drop during this period. [KVAR]
+ 65 - reverse current flow. — - 15.00
oo S J . - 14.00

: - 13.00
+ 95 : \ / Avg. of B A I :?gg
+ 50 / ,-./ [ /] [ :\A j A ,A\ \ / \\ ) 10.00
vos IINETY // TN VN \\:NQ ..,(m\..\.\.., S NNl L 900
\ V V YRy - 6.00
+ 35 NG Y A V 5.00
, N
+25 S AN ,/\./ T M \,/\/. M L Vi 2.00
/ \/ Reactive power Jrcl)d uced ™ 1.00
20 . 0.00

1 6 11 16 21 26 31 5 10 15 20 25 30

240+ July August

No voltage control Voltage control with reactive power (Volt-VAR)
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3. 2) JUMPSmartmaui Project @Eoo

Overview of Phase 2

Phase2: Demonstration with “Dis-charging” function

Demonstration in highly RE penetrated area like Maui:

Phase2 will evaluate using integrated, controlled EV battery discharge
and management of distributed loads including V2X, as a “Virtual
Power Plant (VPP)”

V2H (Vehicle to Home) i’& V2G (Vehicle to Grid) ,J—B VPP (Virtual Power Plant)

//'/ 38 : Storage Batte
| N fee- Pl Charger station Ofage Sl R :
I . ;
Lol S o
g e | ( EVPCS  Gar share : J ! “"}'\@ m !} g i .
DMS‘: J’)| | g \__‘. \ﬁ e LT e T L 1 % :
u 7 o : — - ¥
f— - : Charger _ Ch_arger WH
= Virtual PowerPIan1 Home Gateway

Distribution board Smart PCS PY‘-"

EVPCS

(VPP)

Parking lot

Virtual Power Plant (VPP):
"Aggregating and optimizing available distributed energy resources (including

EVs, storage, and demand response) to replicate the functions of a traditional
power plant
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Coming California Projects

| . DC Fast Charging Project
i . Energy Storage Project

@EDO

Source: Nissan

Source: Sumitomo Electric Industries
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Coming California projects @EDO

MOC of JAPAN and California

* Governor Brown and Japanese Ambassador to the U.S. signed a Memorandum of
Cooperation (MOC) in September 2014 for climate change and renewable energy.

September 5, 2014
in San Francisco

Source: Ministry of Foreign Affairs of Japan
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Coming California projects @EDC

« NEDO and the State of California Governor’ s Office of Business and Economic
Development (GO-Biz) have signed two memorandums of understanding (MOU) in
order to implement the following smart community demonstration projects in California.

September 10, 2015
. In Sacramento
> <
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. DC Fast Charging project

1. PURPOSE |

Project will lengthen EV trips, influence
EV drivers’ behavior.

Reduce greenhouse gas emissions,
criteria pollutants, and fossil fuel use by
EVs deployment.

2 ISSUE |

EV driving range is shorter than that of
conventional vehicle.

EV charging infrastructure has been mostly
deployed in urban area than inter-city area.

3. ACTION |

Installing DC Fast chargers along highways

and monitor their use.

Analyzing EV traffic data and analyzing the
correlation between the deployment of DC

fast chargers and EV driving behavior.

(LNEDO
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e GRS -
= Locations

RlChn'\Oﬂdu'

ls Oak! nd
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Il . Energy Storage Project

Challenges of CA grid in future

e ——— T ——

v" Big ramp of 3 hours
v' Large sub—hourly fluctuation

at the big ramp caused by
» Fluctuation of PV
» Gas fired peaker

v" Surplus of Renewable Generation

27

o 25 /*
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S 23 /\l

2 21 \’_\{L\\ /

S 19

= o 13GW/3h
= 15 7GW/3h\ f:'ﬁ'
3 %X ki

@EDO

Requirements for Energy Storage

e — e — T T —————

Hybrid system for both
Enerqgy (long duration) and
Frequency Requlation
(large number of cycles)
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Il . Energy Storage Project

@EDO

Advantages of VFB as large power storage applications

Long lifetime (20+ years)

Fast response

oOhkwNE

Non-combustibility

AC/DC converter

<=

@ Cell %)
4 I i 5]l A
[ ]

Va2 A+ \ MES Vz.+ / V2t \/at
Electrolyte e[\ Lk ) S /| Electrolyte
tank i tank
Vi+ V3+

/L = Electrode Membrane <= I\ —L
Pump Pump
Principle of VFB

No limit of cycles @full charge/discharge

Accurate State of Charge(SoC) monitoring

/VFB

100% pm=mmgm = = == = = = = N
o> ' "\ Hybrid application I
S \ .
S = | Energy | \\\of Energy and Regulation |
Q& | (e.g Time-shifty “~_ __ I
D0 G TTTmmsmmmms N
% S h ; Frequency Regulation i
£% b .
[ T . 5
=5 S Lithium ion battery,
5 2 .,/ (LiB) |
U -
& ' Sodium-sulfur battery |
1 1/
0% A= o (Nas) _ _ _ _ _ _ y,
100 100k

Required cycle per year
(needed for Frequency Regulation)

Easy to increase the capacity battery system by adding an electrolyte tank
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Il . Energy Storage Project

1. PURPOSE

Provide practical solution toward 2020.

Work together with Investor owned utility in California and let
many Utilities know about the potential of vanadium flow

battery.
2. ISSUE |

Little practical experience of operating energy
storage system for hybrid application of both energy

and regulation
Little validation of economic value for utility owned

energy storage for multiple applications.

3. ACTION |

Install 2MW 4hour VFB at a utility’s site in CA

Demonstrate the energy storage system for both
energy and regulation with utility and CAISO.

CAISO = -

v

Utility’s
control system

Western
Electricity

Coordinating
Council grid

N feeder




Thank You for your Attention!

Go Takizawa
takizawago@nedo.go.jp

@EDO
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