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Overview of Demonstration Projects

with Large Batteries in Japan

Large Batteries

for Integrating
More Renewables
& 4

Sodium-sulfurBattery

Source: CIGRE 2016 Paris Session C4 Contribution



Studies of Demonstration Projects
with Large Batteries in Japan

Primary Counter-
: Secondary
Period of Frequency measure for | Voltage
No. : Frequency
Demonstration Control Over- Control
Control/Reserve :
/Reserve generation
1 | 2015.12-2018.12 X X X
2 | 2015.02-2018.01 X
3 | 2016.02-2017.02 X X
4 | 2016.02-2017.03 X X X

Cover wide variety of controls and countermeasures

to mitigate deterioration of power quality

caused by renewables in steady state.

Source: CIGRE 2016 Paris Session C4 Contribution



Example System Performance of i
Proposed Battery Control at Site (2)
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Battery can contribute increase in secondary frequency control capability.
[Ref] S. Yamamoto, et al, “Countermeasures in substation
for large renewable energy adoption in Japan,” B3-204, CIGRE 2016

Source: CIGRE 2016 Paris Session C4 Contribution
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Presenter
Presentation Notes
I'm going to make a contribution to the question: "How much BESS capacity is needed per installed MW of renewable energy source?“
But, it is difficult to give a direct answer because the capacity value varies by power grid characteristics of generators, loads, renewable energy, and so on.

http://www.energia.co.jp/e/index.html
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Presenter
Presentation Notes
Let me show a map of the 11 BESS demonstration projects for Japanese Island Grids. 
As is well known, BESS can take many different roles like this.
Particularly large MWh BESS such as NaS battery can have multipurpose utilization.
Next I will show the experiences of Miyako island project I've involved for several years.


“BESS PROJECTS FOR ISLAND GRID INJP KN

as of Mar 2016

leland BESS System RES

Type kW hour kWh Control mode kW BESS rate kW BESS rate
Miyako NaS 4000 1.2 28800| AF, AP, Absb, Peak, RsvDn 55000 7% 24000 17%
Oki-Islands NaS 4200 6 25200|Absb 24000 18% 6300 67%
Oki-Islands Li-B 2000 0.35 700( AP 24000 8% 6300 32%
Ikinoshima Li-B 4000 0.4 1600 AP+AF 30000 13% 9300 43%
Tsushima Li-B 3500 0.4 1400 AP+AF 36000 10% 9000 39%
Tanegashima [Li—B 3000 0.4 1200 AP+AF 27000 11% 11900 25%
AmamiOshima [Li—-B 2000 0.4 800 AP+AF 62000 3% 9300 22%
Tarama Li-C 250 0.31 78| AP 1160 22% 250 100%
Yonaguni Li-C 150 0.31 47| AP 1930 8% 150 100%
MinamiDaito  [Li-C 100 0.31 31|AP 2083 5% 100 100%
IzuOshima Li-C 500 0.03 15| AF 15400 3% 1200 42%
IzuOshima Lead 1000 8 8000| AP, Peak 15400 6% 1200 83%
Hateruma Lead 600 2.5 1500( AP 768 78% 500 120%
fiatmr.alquwmlei!lliFlli(illlliAi-\i,lﬁi/lllllllﬁllﬂi&lliﬁ%plliFlli(l%

[ Role of BESS ]

AF: System Frequency Control
AP: RES Variation Mitigation Control ~ Peak: Peak load supply

AV: Voltage control

Absb: Absorb of RES surplus power

RsvDn: Downward reserve

Source: CIGRE 2016 Paris Session C2 Contribution


Presenter
Presentation Notes
Here, I have listed several BESS demonstration projects for Japanese Island Grid. 
As is well known, BESS is able to take many different roles such as frequency compensation, short-term RES compensation, voltage compensation, absorb of RES surplus power, peak load supply, and downward reserve capacity.
Now I will give a detail example of Miyako island grid because I have involved in this project for several years.
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Presenter
Presentation Notes
I'm going to make a contribution to the question: "How much BESS capacity is needed per installed MW of renewable energy source?“
But, it is difficult to give a direct answer because the capacity value varies by power grid characteristics of generators, loads, renewable energy, and so on.


POWER SYSTEM OF MIYAKO ISLAND [EN

V. W Vo A A A

Miyako WT No.6 © Demonstration Research Site
Karimata WT .
_
2.4MW Power Statlon.f, o
Miyako Gas Turbine — Power Transmission lines 22 kV

Miyako 2nd PS

(Diesel): 55MW --== Power Transmission lines 22 kV

(Underground/Submarine)

PS: 15MW

R
""""""" Sadefune WT
30 60
Miyako Island Demonstration RES Penetration Rate = 50%
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10

Source: CIGRE 2016 Paris Session C2 Contribution


Presenter
Presentation Notes
This project launched in 2010 is a pioneering activity in Japan.
We have conducted experimental studies on operational and control issues of BESS with Okinawa's utility company. 
This grid has 55MW peak demand, 24MW RES, and 4MW NaS batteries. 
At present, the RES penetration rate is approaching 50% and the capacity ratio of NaS to whole RES is 17%.
About kWh, the NaS has excessive capacity for testing various modes such as ΔF, peak shift, PV compensation.


“BESS CAPACITY DESIGN FOR UTILITIES (&S

I m mmay ™

e BESS Capacity Design:
— kKW Capacity and kwWh Capacity
e BESS Utilization for Frequency Control:
— Dominant RES Issue in AF: Fluctuation  cgiar <20mir

— Major Intended Frequency Control: OW
Primary Frequency Control

Small kWh cap.
Primary E Secondary F Control
Control Diesel Generator, etc Cooperative
e F Control

ow
kKWh
BOACPI oo acor o 55 esion SN

Source: CIGRE 2016 Paris Session C2 Contribution



Presenter
Presentation Notes
Here, we will provide experiences of BESS kW capacity estimation for system frequency, although in general the capacity design covers "kW" and "kWh". 
It's more likely that frequency control is more largely affected by the load fluctuation by RES than over generation. 
Major intended frequency control for BESS is Primary Frequency Control which compensates a high-frequency component of ΔF.
Even secondary frequency control is targeting less than 15 minutes load fluctuations.
Thus, the kW capacity design can be relatively important.
So far Japanese utilities have implemented BESS demonstration projects in island grids.
And the kW capacity needed for system frequency were derived using dynamic simulations.
We have to say the validity of the estimation result should be verified via field tests, although. 



@ 13
~ __ METHODOLOGY FOR ESTIMATING K
MINIMUM NECESSARY BESS CAPACITY

[Primary Frequency Control by BESS] .. ..
 Permissible Frequency Deviation (AF):

AF AP Characteristic NO Larger than O3HZ

AP [kW]*

| e BESS Controller: AF Input Control

AF [Hz]

: Peess™| o Larger control gain, AF/ APggqc

om0 00KN/0 1z = Larger Primary F Control Capability
= Smaller Frequency Deviation

A4

AF

\ 4

AF Input Controller for BESS

[ Flowchart for Estimating Required BESS Capacity]

Set Initial Condition * (1) “Frequency Deviation (AF)” and
! (2) “Maximum BESS Output (Pgess)”:
Run Simulation  |€ Used for Estimation
| i i .. ..
Evaluate 36, and Increase » Simulation: Derivation of Minimum
Maximum Pgess Control Gain Necessary BESS
No ll Capacity
mYes * Field Test: Validation of Derived
SetMaximum Peess ..., VATIGAT BESS EapaGIH; BESS Capacity
as Minimum Capacity ....viaField Test ..}

Source: CIGRE 2016 Paris Session C2 Contribution


Presenter
Presentation Notes
We have put a function of ΔF control into NaS so that frequency deviations is within 0.3Hz.
In the general characteristics, the larger control gain yields the smaller frequency variation.
Then, we have estimated necessary BESS capacity via system frequency control simulations.
As shown in this flowchart, we evaluated “3σ of ΔF” and “Maximum PBESS” while updating the control gain, and determined minimum necessary BESS capacity.
After that, we were supposed to check the derived BESS capacity via field tests.


‘ESTIMATED MINIMUM BESS CAPACITY (201

T A

Minimum

BESS capacity Maximum BESS output ;

1,600

[M] Indino SS3g winwixe

200 400 (as0) 600 800 1000 1200 1400
AF Control Gain [kW/0.1Hz]

(1) Select Control Gain of 480 kw/0.1 Hz with Minimum BESS capacity:
(=Maximum BESS output)

1 Estimate Minimum BESS Capacity: About 1400 kW (5% of RES).
@ Validate Derived BESS Capacity Using Field Test.
— Maximum BESS output: About 1200 KW (with Control Gain of 480kW/0.1Hz)

— Frequency Deviation 3c,¢: No greater than 0.3Hz.

Note: (1) Minimum BESS Capacity from Compensation of Short-term RES
Variation Perspective: About 1100 kW
(2) Minimum BESS Capacity from AGC Perspective: About 900 kW

(This BESS-AGC compensates only high-frequency component (T < 1min) of ACE.)
Source: CIGRE 2018 Paris Session C2 Contribution


Presenter
Presentation Notes
This is the estimation results.
We selected this value as a control gain with minimum (BESS) capacity under the constraint of ΔF.
Whereat, the minimum BESS capacity was set as 1400kW which is 5% of RES capacity.
This value was verified by field tests in winter where the grid has smaller system capacity and larger RES variation.
And the necessary BESS capacity was finally set as 1200kW.
Moreover, in the same manner, we estimated necessary (BESS) capacities for RES compensation and LFC in 1100kW and 900kW, respectively.
As mentioned above, the BESS capacity needed for system frequency can be derived by such a method.
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Presenter
Presentation Notes
I'm going to make a contribution to the question: "How much BESS capacity is needed per installed MW of renewable energy source?“
But, it is difficult to give a direct answer because the capacity value varies by power grid characteristics of generators, loads, renewable energy, and so on.

http://www.energia.co.jp/e/index.html

Concept of Hybrid BESS n
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Source: CIGRE 2017 Symposium



Outline of the Demonstration Project
MPeriod : From Sep. 2015 to Mar. 2019 (3.5 years)

BCoordinated control between existing Diesel generators and the
Hybrid BESS

mEfficient charge-discharge management and control methods of

BESS V. AW
NaS 4.2 MW 25.2 MWh Min. 10MW
Li-ion 2.0 MW 0.7 MWh

Wind P/S

Diesel P/S ¥ 3 - "‘;-.".;'-*_“"» o LI Diesel P/S
(Kuroki) (s ' : 4 (Saigo)

PN / Residential PV
\ S 0.8 MW
o = ) (0]

o: ﬁlkRE 2 osium Note: subsidized by the Ministry of the Environment.




RES introduction plan of the project

BAImMing to introduce about 11 MW of RES in total, by newly
Introducing 8 MW In addition to existing 3 MW of RES, which
exceeds the minimum demand (about 10 MW).

[MW]

20

Daily Demand Curve

(Before the project) M?‘X- Zlgll\\/l/l\\//vv RES integration plan
Summer Peah n. _
PV =Wind = Hydro
Winter Peak\ 11
| Off-Peak 3
“Must Run” Before Now  Target of
Generating Units the project the project
6 12 18 24

Source: CIGRE 2017 Symposium [Hours]



Benefits of Hybrid BESS

mCompared with single BESS (NaS only), benefits of Hybrid BESS are as follows.

of NaS Reduction Cost Reduction

Operational Range

SOC™ of NaS [%0]
0 10 20 80 90100 Cost Comparison(initial + running)

i Operational Range *
; of NaS only

| Operational Range
of NasS with Li-ion

Discharge Charge

End * State of Charge
Source: CIGRE 2017 Symposium




Overview of Control Method

BTo realize coordination control, an Energy Management System
(EMS) has been developed, integrating the hybrid BESS, power
stations and a control center via communication network.

Short term control Long term control
[Output of Diesel}[ System } [ -Weather Forecast Data J
Generators Frequency -Historical Data
[ AP+ 4f Control J \ R'ifrgg'at;’t“t ][ ?o?zcaar::tl J
[Feedback control] ‘} |}
, Balancing plan  (long term) ]
short-term coptrol demand Balancing control (middle term) |

* Unit Commitment — :
7/ « Output Command I/ [ ELD / Priority List ]

[ Allocation of control demand ]

\ 4 v \ 4

[Li-ion battery} [ e J { NaS battery J

Generators
Source: CIGRE 2017 Symposium




Overview of Control Method

BBy means of unmanned automatic operation, coordinated control
between BESS and diesel generators is executed.

AP control

Total output Filter » Li-ion

of DGs Battery
AP control)

Filter ( Nas

] Battery
AF control
Frequency . Allocation of |
Deviation S A I— , : Control Demand| DCS

Short-term control block diagram

Source: CIGRE 2017 Symposium



Operational Performance of Hybrid BESS

BUDp to the present time, the total capacity of RES integrated in the
grid has reached 6.4MW, about 60 % of this project’s target, and

coordination control has been generally well-performed.
(MW)
15 Total demand
P

10
Total output of Diesel Gen.

Li-ion battery — Total output of RES
5 Li-ion battery output Absorbs small/fast

fluctuation NAS battery output
) Minsini - i | .L ot A0y i.\m“h L) A _ prper i, " DISCharge
00 1:00 2:003:00 4:00 500 —6:00 7:00 O’ 9:00[10:00 }.'Ihz[l[] 3:0014:0015:0016:00 - 17:0018:0019:0020:0021:00 22:0063#)]0
(Hz Frequency management value (upper limit) NAS battery _ arge
6)0.3 —————————————————————————————————————————— Absorbsarges/stow fluctuationm———
System Frequency
60.0

o 1 /%
Source: CIGRE 2017 Symposium Frequency management value (lower limit) (Aug. 31, 2016)
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Presenter
Presentation Notes
I'm going to make a contribution to the question: "How much BESS capacity is needed per installed MW of renewable energy source?“
But, it is difficult to give a direct answer because the capacity value varies by power grid characteristics of generators, loads, renewable energy, and so on.


3. Distributed Coordinated Control System

(1) Overview of Developed System

N
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3. Distributed Coordinated Control System

(2) Overview of RES Control and Battery Control
Example Use Case of Controls

Purpose

Control

Control Object

uone.aaushbianO

EMS based Curtailment Control of
RES and EMS based Direct Battery
Control

Curtailment Control of RES
Battery Control

Wind and PV Generation
and Large-scale Battery
Small-scale Battery

Demand-Shift Control in case of
Curtailment of RES

Curtailment Control of RES
Battery Control

Wind and PV Generation
and Large-scale Battery
Heat Source System

uonebm

Mitigation of RES Output Variation
At RES Site

Battery Control

Wind and PV Generation
and Large-scale Battery

Frequency Control Mitigating RES
and Load Variations

Demand-side Control

Small-scale Battery
Heat Source System

an

pauue|d |uolleldeA S

Compensation of Mismatch between
Planned and Real Generation

Battery Control

Wind and PV Generation
and Large-scale Battery




3. Distributed Coordinated Control System

Frequency Control: Two Frequency Controls depend on Frequency
Component of RES Output Variation

 Primary Freqg. Control: On-site control is preferred due to time-delay of controllers

e Secondary Freq. Control: Remote control is preferred from economic control perspectives*
*On-site Control of RES owners is applied to Site-level Frequency Control

Diesel
Engine
) Generator
Time
—> 4
Low Freq. Error y
Component l
I i , Integrated ,—>
Power Imbalance EMS Slow variation
such as slow
~ dynamics of loads
Is mitigated using
Wit i AGC of EMS
High Freq. Component (Gen. Control and
. .. : Batt trol
Fast variation such as RES output variation is mitigated using 2 gy Cond rg_é
On-site primary Freq. Battery control (i.e. Freq. Control Mode) IRl RS
Control System




3. Distributed Coordinated Control System

(4) Structure of Developed Control

« Remote control of demand-side components using
demand-side control system

« Curtailment of RES in case of overgeneration
« Mitigation of power imbalance between RESs

Inverter

Battery

500kwW
Inverter Egéfx
RES Output
Forecast Integrated SCADA PV
System EMS (nverter 315kW
Inverter 38/(\)/;_\/\/
2014'2018 Demand-side WT
Integrated Control System verter 300kW
: : Output Control
operation test is ( Function) M =Er
currently

preformed

Inverter based on broad definition

lnverter

Loads

uoneIsgns

uonels N\d

8115 UOIJRIZUS) PUIM



Conclusion

e Overview of Ongoing Demonstration Projects
with LARGE and SMALL Batteries in JAPAN

 Introduction of Latest Research Study of Projects
with SMALL Batteries in JAPAN

— Coordinated Control Bet. Diesel and BESS
— Coordinated Control Bet. LI BESS and NaS BESS

— Coordinated Control Bet. EMS based BESS (including
RES forecast data) and Local BESS

Other than how to coordinate control using BESS, ...

» Accumulating Operational Experience
» Examining Increase in Efficiency/Life Time of BESS
» Studying Potential Increase in Integration of RES using BESS



Thank you for your attention.
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NECESSARY BESS KWH

[BESS kWh needed during field
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Source: CIGRE 2018 Paris Session C2 Contribution
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Presenter
Presentation Notes
This question is one of question no.1.4. 
Then, I would like to provide the answer to this question through experiences in Japan. 
Firstly, required BESS capacity varies by characteristics of generators, loads, renewable energy, etc. 
Especially, for system frequency stability, the power system dynamics is a dominant factor. 
On the other hand, for balancing operation, the economics of generating units and market regulations such as RES priority are largely affected.
If power output suppression of RES is not allowed, all the installed BESS capacity must be used for keeping downward reserve.
In some island grids in Japan, dynamic simulation for system frequency stability was utilized in the former estimation.


6. Schedule of Demonstration Field Test

Distributed Coordinated

Economic Operation Control System €717"" RES Output Forecast
Power Station Diesel Engine Gen.
#2G #10G
X K -~
Demand-side Generation
Large-sqale BAT

\

Primary Freq. Control : o
|_+_| Secondary Freg. Contrgl Wind Generation Site
7 )
Feeder A | / ¥

Heat Source PV Station

System

Small-scale BAT

/
S

Unit-level Control, Output Control Output Control Output Control Output Variation
eodor B Mitigation
Demand-side
Facilities

1 First Phase (Individual Test, April 2015 -)

1 Second Phase (Individual Test, Dec. 2016 -)
Feeder C _ :

1 Third Phase: (Integrated Test: April. 2017 -




/. Example Result of Demonstration Field Test .
(Phase 1: Mitigation of RES Output Variation Using BAT)
(2) Battery Control for Mitigating RES Output Variation

2,000 —

[KW] RES Output
— RES Output + Battery Output

1,900

1,800 |

LLA

rv"v%m WY

AR

1,500

Lower Limit: 1,570kW

1,400

12:25 12:35 12:45




Operational performance of Hybrid BESS

BUp to the present time, the total capacity of RES integrated in the
grid has reached 6.4MW, about 60 % of this project’s target, and
coordination control has been generally well-performed.

Charge/discharge
efficiency of each BESS
(from Oct 2015 to Sep 2016)

NaS 84.6% *
Li-ion | 83.6% *

* AC based value

Source: CIGRE 2017 Symposium
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ONTENTS OF Q 1.4 Gorre

Question 1.4: Papers C2-108, C2-109 and C2-112 discuss the use of BESS

on secondary frequency control, mitigation of frequency deviation and as
primary control reserve (PCR).

1. How much BESS capacity is needed per installed MW of renewable
energy source?

2. Is It necessary to distribute the BESS installations along the power
system?
3. What is the estimated batteries’ service life, considering different

operating profiles (Operational Reserve, Load Frequency Control (LFC),
etc?

4. At the end of their service life, what is the disposal/recycling plan for the
batteries?

5. What is the charging time after a long period of use?

6. Is the large scale use of BESS economically feasible?

7. How do regulatory issues affect this economical feasibility?
8. What is the payback for an investment on a BESS plant?

— S — - n.___.


Presenter
Presentation Notes
This question is one of question no.1.4. 
Then, I would like to provide the answer to this question through experiences in Japan. 
Firstly, required BESS capacity varies by characteristics of generators, loads, renewable energy, etc. 
Especially, for system frequency stability, the power system dynamics is a dominant factor. 
On the other hand, for balancing operation, the economics of generating units and market regulations such as RES priority are largely affected.
If power output suppression of RES is not allowed, all the installed BESS capacity must be used for keeping downward reserve.
In some island grids in Japan, dynamic simulation for system frequency stability was utilized in the former estimation.


SIMULATION-BASED ESTIMATION OF @agre
AP? Y FOR SYSTEM FREQUENCY

g [ System frequency control simulation] [AF Contron it et
Y AF-0P Ch
a Supply and demand control Model of generator/BESS/RES and inertia enumeration arag:’e[lf\ll\:j]tE
system ° ‘Zzz ‘
% @ — AF ) T pass
i For coordination EDC Function § ; ”—i Ge?gir::si gﬂ%dd : :‘502
m | > Model ‘ \ : —
x o s ool BESS Output _ AF control by BESS
E el ‘(NaS)T Te o (primary frequency control)
w ‘ LFC'\;L;r(;cet;ion PV Data |
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Presenter
Presentation Notes
We carried out simulation-based estimation of BESS capacity for system frequency.
In this simulation model, primary and secondary frequency controls are considered.
The dynamic characteristics of generators, BESSs, etc, and inertia constant are identified by actual experiment data.
Then, the system frequency and BESS output are evaluated for estimation of BESS capacity.
In general characteristics of primary control, the larger control gain in ΔF-ΔP sensitivity yields the smaller frequency variation.
On the other hand, the required BESS capacity becomes larger and larger.
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