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Introduction of R&D Project on Grid

Integration of Variable Renewable Energy :

Mitigation Technologies on Output Fluctuations of
Renewable Energy Generations in Power Grid

- i 2017/11/30 :
. “ The University of Tokyo
———— Department of Advanced Energy
SR Jumpei BABA

(g7 THE UNIVERSITY OF TOKYO



- - . 0 e = N
Sy S P P . —— - Vol RIEKF RZME
- e - 3k o e s A S ] pas S
;gﬁg J“ ‘,"“ .,“‘. %ﬁ%ﬁii%ﬂﬁiﬁ4$5ﬂ%ﬁ4
- = - e Ea - GRADUATE SCHOOL OF FRONTIER SCIENCES
THE UNIVERSITY OF TOKYO

Japanese National R&D Project on Grid Integration of VRE

FY2016 FY2017 FY2018

]

1. Project for power stabilization at the Emass
introduction of new energy (Pyranometer) :PV300

2. Next Generation Optimum Control of Power

transm|SS|on and Distribution Network : Smart EQwe[ ®

4, Forecast technologles for photovoltalc power

generation prediction and estimation

3. Next Generation Power Control
Systems by two-way communication

7. R&D Project on Grid Integration of VRE
: | : ; » (I) Predict WT Power, Control
B | i (II) Grid Scale Simulation, Integrated Control Demo
' ' | (III) RES integration

~n

: : ,[Control Demo with bidirectional
il E i i Communlcatlon] |JIUI||UL|U||

\/Demo of RES controI and standardlzatlon
: : 4 Large Scale Hybrid Energy Storage R&D

~$904N0S ABJaUg 9|qemausy

v'Control Demo with Hybrid Energy Storage
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! : = : ! i . 6 Virtual Power Plant Demo ke
" vResource Aggregation Business &
; y y ! i : Demo o
5 Energy Society System Demo Facilitate DR, Business r— —
Yokohama Smart C|ty PrOJect(YSCP) Battery SCADA i i
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Objective of Niijima Project
 R&D project to maximize the introduction of RES in 2030’s
power grid
— Establish “Generation Prediction” and “Power Control” methods of RES

— “Power Demand and Supply Operation” cooperation between diesel
generator, energy storage systems and RES

* Niijima’s power grid is used as test site to establish the design
and operation method with minimum social cost

—— — Make demonstration facility and operation test
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Objective of Niijima Project
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RES Power Grid

__| Control

Prediction

RES generation
: * RES power fluctuation
i (Long term, Short term)j

Demand and

Supply
Operation

- Reserve adjusting capacity
(Fluctuation compensation with
generator and ESS)
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Where is Niijima? ey, o VB
. . - =0 IKE
| limator Shimat
means “Island” 5 V7
D =yl
* 160km far from central . T ,
Tokyo [, o
i wanw
* Belong to Tokyo T amm® S
Metropolitan oS,
] 160km

Population : 2750
Area : 27.5km?

@35.3615664,139.3278536,8z

. https://www.google.co.jp/maps/ &
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Overview of Niijima’s

Power Grid
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e A submarine cable connects Niijima
and Shikinejima power grid
e RES Energy Ratio : 9% (WT6%, PV
3%)
(Ref.) Japanese National long-term
energy supply-demand outlook :

9%
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1 Azuchiyama WT site

1. Wind Turbine (Azuchiyama WT site)
<QOperation Start 2016/11>

- WT : 300kW-2 Units

- BESS : 500kW - 500kWh E, =

2. Photo Voltaics (Ohara PV site)
<Operation Start 2015/12>
- PV : 318kW e eaad
- 1440 Modules (255W Poly Silicon type =
- PCS : 315kW

h"'-g"‘.-.'en

wme 3. Battery Storage System (Takaoka
~ == Toko Niijima site)
= <Operation Start 2015/10>
- BESS : 500kWh - 1MW : 2 Units LIION
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4.Small PV + BESS
(7 sites : Niijima Elementary School,

Niijma Junior High School, Shikinejima Clini = epta
- PV : 5kW - 12kW 3 Schoo Y,
- LIION BESS : 12kWh-10kW ANl

5. Heat Pump Water Heater
(Mamashita Spa)
- Thermal Output : 56kW

- Power Rating : 16kW 5 Heat Pump Water
6. Brine Chiller Ice Maker “S-Heater

= (Niijima Fishing Harbor)

“ww - Thermal Output : 78kW
-

- Power Rating : 35kW

7. EV Quick Charger “ ‘
~ - Power Ratin g 20kw § 7 =7 QUIck_Charger
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(¥ THE UNIVERSITY OF TOKYO

o AN
o



LU = f=h rh i
Voios, RERRNFRZFER
25 FaRE Rl B ZE R
GRADUATE SCHOOL OF FRONTIER SCIENCES
THE UNIVERSITY OF TOKYO

Member of Niijima Project

Project Reader Baba Laboratory
Prof. Yokoyama (The University of Tokyo)
(The University of Tokyo) macaaLoad biest pump Systel
TEPCO HD/PG ) | /
- Coordination J Resource Aggregatloh CRIEPI
- Optimal Control stributed Control System - Governor model
: : - Classification of governor
- — P — :
RES power output Integrate\ #
prediction system EMS Hﬁ s
S \\
Distributed Coordinate

' Coqtrol System

| Association V] LY
- Set weather observation :
equipment

Takaoka Toko &
‘ Build demo setup ..
. R ] —— - Distributed Coordinate [+

Control System OKYO
- Demonstration Test

_| NRI Secure Technologies
“ - Risk Analyses
- - System Security Measures
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Minami-Izu
Toshi
Shikinejima10le *

911

Kozushima

Miyakejima

® Global Solar Irradiance, Temperature, All-sky Camera)
® Weather observation point (Wind direction, Wind

|Velocity)
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site2.
Azuchiyama
(Niijima)

i

site7. Ohara
(Niijima)

NIVERSITY OF TOKYO



e e ERAZAZE
A A | IR TR AL RL I R R

f == — S 3 - e
e SR G SR A
B2 00 B2 ‘ GRADUATE SCHOOL OF FRONTIER SCIENCES

~y -
F 3 e o
1 THE UNIVERSITY OF TOKYO

Analyses of data measured by observation equipment
Azuchlyama S|te (N||J|ma) Wlnd VeIOC|ty (Altltude

Low pressure with
cold front move to
east on Sea of Japan

= Key

10 Minutes Mean Wind Velocity

%S ]
AL s L] R W Mi/eflax of 1 Min. Mean Wind velocity [m/s]
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A Distributed Coordinate Control System

DG
= DG Controlle UillhlodgliielaLali S@
rover g Control AR

- Weather Forecast Data -
-  Weather Observation

Distributed Energy

Resources

q = BESS
1500kWh

PV
B 35w

Data Demand
r===—== - Prediction
' I
I y
| RES Output ¢ DG Economical Dispatch System
: Prediction System e e e -;
Ao L—ESSControl— L
I |Output Prediction + «-Monitorin
I by : ——System———— 9 Control
I Measured | I
Hﬁﬁ—;l Data \ 4 v I : . :
- Integrated EMS | | & RES Control < MO&'E‘E:'OT ,
—— = - Demand Predictipr—> I gystem i g
. - Scheduling :
= I I Monitorin
| ~
|  Thermal Load
Simulate < DR Control System | <-g-Control, e 67kW
=

Area Central

Dispatching Center

Resource Aggregation —
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Scheduling by use of prediction confidence interval

* Unit Commitment taken into account prediction
confidence interval of RES output power
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Output Power Control

 Remote control system by “demand side resource controller”

=
e Suppress surplus RES output power PCS BESS | = %
(Narrow) 500kw g S
* Imbalance reduction among RES - sess | 12 o
(Narrow) 500kW 3
O
RES output power SCADA €< - - - __ PCS PV S
prediction system (Narrow) LW | 5
PCS WT >
Demand side (Narrow) 300kwW §
Integrated EMS resource (N;’rcriw) 30V(\)’IW 5
controller i
PCS BESS
(Ou(t::gtriirl;(l))wer (Narrow) 500kW i ﬁ |
: PCS Demand | ; !
(Narrow) | ™ Side
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Definition of “Narrow sense” and “Wide sense” PCS
e Japanese local classification rule

* Narrow sense PCS
— PCS with output power control input
— Only limits PCS output by control signal

 Wide sense PCS

— Receive control schedule from upper layer controller
— Consists of narrow sense PCS and output control unit
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Function of demand side resource controller

* Aggregation : Demand side resources control according to grid operator’s
request

* Balancing Group : Imbalance reduction among PPS
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Examples of use cases
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Objective

Control

Target

Surplus Power

Direct RES and ESS control from area
central dispatching center in case of
surplus RES output

RES output restriction
ESS charge control to
reduce surplus output

RES + Grid side ESS
ESS located by RES

Demand shift by RES owner in case
of RES output restriction

RES output restriction
ESS discharge control

RES + ESS located by RES
HP, Brine Chiller

Fluctuation
Mitigation

Fluctuation mitigation by RES side

ESS charge control

WT,PV + ESS located by WT

Frequency regulation control by
mitigating fluctuation caused by RES
and demands

Demand Control

ESS (HP, Brine Chiller)

Schedule

Reduce imbalance from planned
generation

ESS charge control

WT,PV + ESS located by WT
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e
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Function of test equipment
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hool.etc.

Player Test Location | Test Equipment Function Controller
Integrated ESS Generation schedule taken into ACDC
Area RES output account RES prediction (Remote)
central prediction system | - Economical dispatch
dispatch - Reserve capacity reduction
center - Load frequency control
Dispatch control signal
Power Niijima Diesel Generator, | Economical scheduling ASDC(Remo
producer | Power Plant | Controller Power control by reference te)
BESS Takaoka Toko | BESS 500kWh x 2 | ESS charge in case of surplus power | ASDC,
| L Niijima site Frequency and power flow Aggregator,
BEHe fluctuation compensation Local
Azushiyama WT 300kW x 2, WT control Local
B, dak site BESS 500kWh Frequency regulation by ESS Aggregator
oy PV 315kW Fluctuation compgns§tlon by ESS Remote
Ramp change mitigation by ESS
Village office, | PV, ESS, I;IP etc. | Power restriction in case of surplus | ASDC(Remo |
_ T e B e ) Y N | ) - X Lo —
“ESSTCharge incase of surplus te), Local

KYO
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Test schedule

FY2018LH |

FY2015FH
FY2015LH
FY2016FH
FY2016LH
FY2017FH
FY2017LH
FY2018FH

<Individual Test Phase I>

Grid Side BSS and PV test

- Frequency Regulation Test by Grid Side BESS

- Demand change compensation by Grid Side
BESS

- PV output restriction test (remote control)

<Individual Test Phase 11>
““.. WT+BESS, Demand side resources test -
= WT output fluctuation compensation by BESS
. BESS scheduling operation test

WT output power restriction test
Demand side ESS control test

i <Integrated Test Phase III>
T Integrated control test (RES, ESS, DG, Demand
een—{[¢ ()]
- - Integrate RES output prediction to scheduling KYO
Integrated test comblnlng RES DG and ESS




Economical Dispatch
N||J|ma Power

!il #10 Control System
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Distributed Coordinate

RES
prediction

BE

}

Demand Side
(HP, Chiller)

Demand Control Restrictio |

Deman
d Side

\ Scheduling

Azuchiyama
sit

Restriction J Fluctuation |

F. Honson

Demand
Side

Compensation )

. Individual Test (Phase I : FY2016-) &

: Individual Test (Phase II : 2016/12-) |
: Individual Test (Phase III : FY2017-)

L~ —
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Evaluation of frequency fluctuation caused by PV

kw Hz
350 50.2
e PVFE B E KW
300 50.15
250 A 50.1
A199kW/50sec A175kW/17sec V
0.11Hz/23sec n /10.09Hz/12sec
200 50.05
150 50
A227kW/71sec
100 Z0.10Hz/80sec 49.95
50 49.9
0 L] L] L] L] L] L] L] L] L] 49-85
11:55:00 11:56:00 11:57:00 11:58:00 11:59:00 12:00:00 12:01:00 12:02:00 12:03:00 12:04:00 12:05:00

g% THE UNIVERSITY OF TOKYO

——

e Ll ]



- — -~

U By e S e A
votor, RERKNFKRFER
oSS FRIEAIK B RER

GRADUATE SCHOOL OF FRONTIER SCIENCES
THE UNIVERSITY OF TOKYO

Demand fluctuation compensation by BESS

2,000
BESS
Grid
1,900
st Upper Limit 1770kW hkl. LIA

k" r" Wy
s 3 W

i 1 Wr 1t e g '
ek 'f ! ” ! Lower Limit 1570kW
1,500 |
i
1,400 : :
12:25:00 12:35:00 12:45:00 &
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Heat Pump Control Test

o ' ' ' ' ' ' ' /\' ' ' ' Ta'nk ' )

e I~ |

0 / —
/ ~

2500
N
2000 . /

1500 * ' g *
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

45 T T
40 ot water consymption

35 Heated watgr (HP1) ———
30 1 Heatpd watgl (HP2)
- | . I i -

20 ]
15
10 ||

N i i

0
o - | 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
e

Two HP units are controlled 5 1+ [ g

1Z

—_—

=
o

gON-bCDOO

W‘ - —————
06:00 09:00 12:0 = 15:00 18:00 21:00 00:00
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Integrated Test (Phase Ill)

* Introduce RES output power prediction to integrated
EMS

 Enhance DG controllability

* Frequency control and surplus power reduction by
grid side BESS

* Frequency control and surplus power charge by local

wmy BESS
== o RES power restriction

'--; P

[T !
!ﬁ'
T

| - S T .
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