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Background: Renewables and ESS

e Significant increase of PV and wind power
(Renewable Energy Sources: RES) causes various
concerns in a power system including those in
supply-and-demand balance of a power system.

e Energy storage systems (ESS) can offer a

promising option to
mitigate the concerns.

e However, elaborate
studies are required
to make it an efficient

and economic option.
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Energy Storage Systems : Many Choices

[Objectives]

e Absorbing surplus power,
e Compensating fluctuations of intermittent RES,
e Supporting decrease of system inertia, etc.
[ Locations]

e Power systems (including insular systems)

 Wind and solar power stations,
e Customers including EV, etc.

[Types]
Battery (Li-ion, Na-S, Redox-flow,

Lead-acid, Ni-H etc.), Flywheel, Capacitor,
H Pumped storage, CAES, Hydrogen, etc.
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Sample Large-Scale ESS in Japan

kWh Capacity of ESS (MWh)
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(1) Li-ion Battery in a Power System

®
it
CT v
Y
:l-w

Minami-Soma SS

| Nishi-Sendai SS

About 6,000m 2 About 8,500m 2
(100mx60m) (100mx85m)

Start of
operation Feb. 2015 Feb. 2016

Battery
Type

VERNEledi sl Toshiba Toshiba

Area

Lithium-ion Battery Lithium-ion Battery

System Capf‘CitV : 20,000kW o ity : 40,000kW
Performance short-time 40,000 lcW) Energy : 40,000kWh
Energy : 20,000kWh gy : 44,

Compensate frequency Improvement of demand-
fluctuation and supply balance
Improvement of
frequency
stabilization

Purpose

Expansion of the
acceptable capacity

Expectation
effect

-Improvement of demand-and
-Load frequency control supply balance
with storage battery -Voltage fluctuation control Minami-Soma SS
with reactive power control

Verification
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[Photo, Figure, Table] By the courtesy of Tohoku Electric Power Co.
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(4) Redox Flow Battery in a Power System

Rating of the Redox-Flow
Battery 15MW, 60MWh
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Challenges for BESS with Renewables

The response of BESS is enough fast. However,
the following challenges could be vital for BESS In
addition to cost reduction, life extension and safety:

e Large capacity, in particular to compensate long-

term fluctuations

 Minimum size - Management of SOC

e Long stand-by time - Low auxiliary power

e Temperature management of
e Long duration of operation wit
Less burden for operation anc
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Concluding Remark

The ESS discussed here has enough fast response to
mitigate various challenges caused by large-scale
penetration of intermittent renewables. However,
there remains room for further research: gEr™

e What is the objective to install ESS? conkey ears!

e How to optimize ESS in accordance
with the objective? The design of
ESS is governed by the objective.

e How to operate ESS to maximize its efficiency as

well as its expected life?
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Thank you very much
for your attention.
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Dimensioning of BESS

The ratio of kWh capacity to kW capacity of
Battery Energy Storage System (BESS) tends to be:

e Large for compensating long-term fluctuations
— approximately proportional to the time constant
in case of a wash-out filter;

e Large in case of absorbing surplus power,
e Small for an insular system, etc.

Whereas small ratio has an eminent advantage
from the economical points of view, 52
larger ratio is preferable to facilitate ’/ﬁ;

the operation of BESS.
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(1) Redox Flow Battery in a Wind Farm
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A control method for battery energy storage system was
H developed. Smoothing up to some ten minutes was pursued.
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Outline of a Hybrid System
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Low-Freq. Comp. of Wind Farm Output
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(2) Flywheel in an Insular System
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RRIEXT [source]Yamashita, et al., Trans. B of IEE of Japan B, Vol131, No.5, 2011
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(2) Flywheel in an Insular System
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Comparison of Battery System

| Nishi-Sendai SS Minami-Soma SS

About 6,000m 2
(100mx60m)

Feb. 2015

Area

Start of
operation

About 8,500m?
(100mx85m)

Feb. 2016

Battery

e Lithium-ion Battery

Lithium-ion Battery

Toshiba

Manufacturer

Toshiba

Capacity : 20,000kW
(short-time 4 0,000 k W)
Energy : 20,000kWh

System
Performance

Capacity : 40,000kW
Energy : 40,000kWh

Compensate frequency

Purpose :
urp fluctuation

Improvement of demand-
and supply balance

Improvement of
frequency
stabilization

Expectation
effect

Expansion of the
acceptable capacity

Minami-Soma SS

-Load frequency control

R e with storage battery
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-Improvement of demand-and
supply balance

-Voltage fluctuation control
with reactive power control



Nishi-Sendai SS PDiEsh
Outline of Storage battery system (2)
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[outside] [inside]
-Storage battery container x80 -Main controller(MC)

-PCS x80 unit
-Step-up transformer x20 unit
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Nishi-Sendai SS Peitas
Outline of Storage battery system (5)
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Outline of Nishi-Sendai Project (4) oW
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Trend in Impacts of Wind Power

penetration | Area of impacts Major Impacts
Local *Power quality:
smalll (Distribution) eg,voltage
Sub-- eLoad flow: congestion
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