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1.

Hitachi Activities: Social Innovation Business ]T'f',fTﬁcll."li

Improve the quality of people’s lives,
raise customer’s corporate value

) 1528
2

Mobility @& Smart Life @&& Industry &
solutions solutions solutions solutions solutions

O LUMADA

Lumada Platform (system for converting data into value)

Products Products Products Products Products
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1. Hitachi Activities: Smart community initiatives h',"p'T‘%,C,!.",!i

~

UK: Japan: U.S.: New Jersey
NEDO Manchester Kashiwa-no-ha Smart City Energy Storage System (BESS)
Demonstration Project

Smart Grid Demonstration Project

J

Poland
NEDO SPS/BESS U.S.:
Demonstration Project BPA SPS

FS Project \.

Slovenia: uU.S.:
NE;O II)MS New York State
Microgrid FS Project

Capacity Building
Demonstration Project

NEDO Izu Oshima NEDO Hawaii

Large Hybrid Energy Storage System Smart Grid
Demonstra_tioln Project

Demonstration Project
India: / e p\ r ‘
Japan: uU.S.:

Thailand:

NEDO

Optimized Performance Enabling
Network for Volt/Var(Q)
(OPENVQ)

NEDO: New Energy and Industrial Technology Development Organization
BESS: Battery Energy Storage System SPS: Special Protection Scheme FS: Feasibility Study
BPA: Bonneville Power Administration =~ DMS: Distribution Management System

OPENVQ: Optimized Performance Enabling Network for Volt/var (Q)
© Hitachi, Ltd. 2021. All rights reserved. 3
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2. Background of Demonstration in Europe ]T',",D'T%C{.",!i

m Politics: Clean Energy Package

<2030’s Target>
-RES -Energy Efficiency -Interconnection A

SE

-Electricity market design

<Efforts of Regulatory agency and ENSTO-E>
TYNDP -Electricity market integration -TSOs Regional
coordination

W Industrial : B Other factors:
-RES/DER introduction -Exits of Aging plants
-Electrification, HVDC -Exits of nuclear plants
-Power flow in -Digitalization

intra region

m Long/Mid term (2025-2030) Challenges in Grid

Operation:
-Frequency related issue
(low-inertia caused by RES, HVDC, Electrification)
-Transient stability/Voltage issue (caused by RES)
-Congestion management (unexpected power flow)
-Dynamic operation (incl. regulation change)

Source : ENTSO-e TYNDP2020, System dynamic and operational challenges, TSO development plans
© Hitachi, Ltd. 2021. All rights reserved. 5



2. Overview of Poland n',"p'T%Cmf

B Expansion of wind power generation in Poland
Poland aims to increase wind power generation in order to reduce its dependence
on energy imports and to meet the EU Renewable Energy Directive.

Energy import dependence Energy Mix *3
Natural gas ;g Poland's dependence Natural gas /
: = on natural gas é ¢ 5% Bio /F,Sg;" age
i o overseas is 70%. | 9
‘ 70% of them depend |flof —° Ol 2
1Bl on Russia * 1 (about [[Z~% Re ety
o 100% in 1990) ) [ S 14%
il Most of the crude oil Poland Wind power
— ~| depends on imports, 8%
. = of which more than
il 2oos e on
I 1 Russia. * 2 80% of electricity comes from coal (including lignite)
e [ = =
Need to increase energy self-sufficiency NEEd T o
pand Renewable energy
<8 TEELIZE BEpEREEEE . to meet the EU Renewable Energy Directive

on energy Imports.

=1 T =B

Aiming to increase the amount of wind power generation

Source: * 1 IEAlNatural Gas Information]2017
* 2 IEAI2017Poland - Energy System Overview 12017
* 3 IEAl2017Poland - Energy System Overview 12017 © Hitachi, Ltd. 2021. All rights reserved. 6



2. Enhancement of transmission lines HITACHI

Inspire the Next

m In Poland, the amount of wind power is expanding, especially in the northern
regions.

B However, there are challenges in grid operation because the areas suitable
for wind power and the demand areas are far apart.

Introduction of wind power in Poland Wind power expansion area
8000 S o e B
www.thewindpower.net |  |[N/Et gL, o TNy, 0 n
so00
H
= 4000 -
3 Transmission
% o line overload
L = Securing supply
0||||||--—|l_r|]_||_“_‘ 1
Year =G 5 > ¥ A (= 7= 2 .\
Source: www.thewindpower.net e o : , sehod Sia: -

introduction introduction ==® $::%.
About 5,298 MW 9,848MW(Plan) i g = @

Source: PSE (Polskie Sieci Elektroenergetyczne)

2016 wind power l 2021 Wind power

© Hitachi, Ltd. 2021. All rights reserved. 7



2. Securing supply and demand reserve HITACHI
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B The grid operator is facing the challenge of decreasing reserve power to keep the
grid stable as the introduction of wind power, which has unstable output, and is
studying the introduction of battery storage systems in parallel with gas turbines.

B Mitigation of short-term fluctuations and provision of reserve power by battery
storage systems .

Future Polish Power System Challenge

Main supply and qemand reserve

/.

e o N .
i Output depends on the weather i i Decrease in supply and demand reserve :
' System instability due to expansion of : ' capacity due to aging pumped storage power
. wind power i | generation :

________________________________________________________________________________________________________________

v
How to deal with challenge

. N Mitigation of short-term fluctuations
I L‘ T I.W —
R \/ .ﬂ I

Providing supply and demand reserves

PSH: Pumped-storage Hydropower © Hitachi, Ltd. 2021. All rights reserved. 8




2. Challenges and goals of project lﬂgl%?ﬂlf

Challenges in BEnhancement of transmission lines Challenge in mQOverload of
alelanCIReenlelleiMN  mSecuring supply and demand reserve fault condition transmission line

mSPS (Special Protection Scheme)
mHybrid BESS (Battery Energy Storage System)

Goals

Challenges resolution

Image of overload elimination by SPS

Transmission line is “o~  Thermal Thermal
[ isolated due to a fault — ”wl power plant I 'l power plant
W_& W_’ 5
RATENS = Jr E2—Sh
Wlndfarm w. > Windfarm R -

Jfl*— rf;o‘,e,,oad, J-Il Rai A1y

Windfarm ik - Windfarm IJ_T _ Windfarm
BESS BESS SPS dissolves overload]

automatically

© Hitachi, Ltd. 2021. All rights reserved. 9
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3. Demonstration Goals

[ No| _area | Goal | _system/function Control target

-Verify the effect of increasing the SPS
Northern ;
Poland connectable amount of wind power Overload measures
oland area generation by SPS (Automatic control)
. . o SPS
All over -Visualization of transmission line
Poland overload risk and countermeasure OvEriaas MERSUIEE
(DSS)
Bystra wind  -Mitigate short-term fluctuations in .
= farm wind power and provide reserve power il BEEE

Demonstration area

wind power generation by SPS

countermeasure

provide reserve power

DSS : Decision Support System

HITACHI

Inspire the Next

1) Wind farm connected to the
transmission and distribution
network.

2) BESS

No control

* Calculations include wind farms and thermal
power plants throughout Poland. Aim to expand
as a control target in the future

1) BESS

No.1 : Verify the effect of increasing the connectable amount of

No.2 : Visualization of transmission line overload risk and

No.3 : Mitigate short-term fluctuations in wind power and

© Hitachi, Ltd. 2021. All rights reserved.
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3. System Overview n',"p'T%Cmt

RAS-Engine
Japanese Scope Workstation i Workstation Workstation
I SPS (Thin FJie’Hl) E I '(""ﬂ %'iﬂnt)
Polish Scope s, i : g

LFC system I
~

Warsaw

SCADA/EMS | !
KDM |

MSS LAN A/B
System LAN A/B

I LFC :Load Frequency Control
% | I N I e I e SCADA/EMS KDM: Supervisory Control
A I | — < EEN EEE and Data Acquisition /Energy

Windfarms (PSE) C‘h’{gtm‘(;'r'l'f;}'g“ [ Management System Krajowej

"""""""""""" Dyspozycji Mocy
| BESS SCADA CDM: Supervisory Control and

Data Acquisition Centralnej Dyspozycji
Mocy

EOP : ENERGA OPERATOR

RAS: Remedial Action Scheme

DCS: Distributed Control System

PCS: Power Conditioning System

Li: Lithium ion battery

LL: Lead-acid battery

© Hitachi, Ltd. 2021. All rights reserved. 12

Communication
Network A/B

SCADA CDM

Communication
Network A/B

Gdansk ZZCZ;,A:-I [

/ By S tl‘a Windfarms (EOP) SCADA Wind farm_at BESS site.




HITACHI

3 n SPS System overVieW lnspire the Nexi
B System Objectives : Automatic elimination of overloads in transmission lines and
transformers
m Control target : Output curtailment of generators (mainly wind power)
SPS
SCADA/EMS (Precooie e er)  (Contraleny | Distribution company’s SCADAS

[ Upper Set
information output limit E/E i
i = - .. P s Points

— S |Equipment
DB

Compliant with
international standards

Calculate congestion in a fixed cycle and Calculate Output upper limit correction in the real time

the upper limit (planned value) of the output of (When the system configuration changes due to

renewable energy unscheduled work stoppage or faults)

i i heduled i
[Planning tl.nl'me]. Wo':f(cst%p‘éaege [Real time]
Preconditioning or accident Post-event control
(1) (2) (3) (4) (5) (6)
Status Continge_ncy Planning Outage detection/  Output upper Termination
estimation analysis countermeasures Output upper limit limit correction

© Hitachi, Ltd. 2021. All rights reserved. ]_3



3. BESS System Overview HITACHI
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B System Objectives : Mitigate short-term fluctuations and provide reserve power
m Control target : Hybrid BESS (Lithium-ion battery and Lead-acid battery)

Lithium-ion battery : 1IMW/0.47MWh / Lead-acid battery : 5SMW/26.9MWh
1. Normal condition : Mitigate short-term fluctuations and provide reserve power
Primary(FCR) and Secondary(FRR)

Mitigate of short-term fluctuations
[ “Charge |

(— Wind farm output
""*"' Windfarm + BESS output

reserve power equivalent

Price arbitrage

[ Charge |

FCR: Frequency containment reserve
FRR: Frequency restoration reserves
> RR: Replacement reserves

(@)
o) o
= A
= Q
m —
2 o
(@]

= =
=4 o
2 —

[_ Demand curve

-
[— Control order as RR ]
™= ™ Average output as RR

2. Fault condition : Switch to overload countermeasure and charge to eliminate overload

© Hitachi, Ltd. 2021. All rights reserved. 14



3. Project Structure IEJI%?I!I-!L

Ministry of Climate and Environment

\l/ Entrustment
Contract

L e e e e et i |

Hitachi

Support

PSE: Polskie Sieci

Elektroenergetyczne

* Design, Production, Delivery,
and Local Procurement of SPS

* Technical Advisory Service for
Installation & Commissioning

* Maintenance

* Business strategy study of SPS

» Submission of Report

Showa Denko Materials

« Design, Production, Delivery,
and Local Procurement of BESS

» Technical Advisory Service for
Installation & Commissioning

* Maintenance

* Business strategy study of BESS

* Collection of SCADA data & model
information

* Provision of connection with SPS

» Commissioning of SPS

* Operation of SPS

EOP:ENERGA
OPERATOR

* Provision of SCADA to curtail of WF
connected to the network in the project
area

EOZ: Energa

OZE

Sumitomo Mitsui Banking Corporation

* Collection & Provision of Wind Farm Data
* Construction work for BESS facility
Installation of BESS
» Commissioning of BESS
* Operation of BESS
Japan Poland ke e e e e e e = ==

« Collection of basic information
 Dissemination plan

» Business model study

« Study on Finance Scheme

ID: Implementatlon Document © Hitachi, Ltd. 2021. All rights reserved. 15



3. Project Schedule HITACHI
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COVID-19 had an impact on the timing of the BESS demonstration,
but the demonstration was successfully completed.

2017 2018 2019 2020 2021
[ [ 1] ‘ N X I O |

[ | |
Overall schedule Designand Manufacturing Installation and Commisioning

No. 1(2|3(4|5/6{7/8|9/10/111/12(1{2|3|4(5|6|7|8|9|10/11/12|1|2{3/4|5/6|78|9(10|11/12(1/2|3;4 /5|67 8|910{11j12|1(2|3 4|5/6|7 89 10(11}12
1 |SPS
1.1 | Design (MM October 2019~September 2020

LT

1.2 | Development and Testing MM

I
September 2020
Completion of

SPS demonstration

1.3 | Shipping

1.4 | Installation

1.5| Commisioning

1.6 | Monitoring = ===

2 |BESS

2.1| Design A June 2020~March 2021

2.2 | Development and Testing TR BESS data analysis

2.3 | Shipping Tmm March 2021

2.4 | Installation ] l Completion of

2.5 | Commisioning I SPS demonstration
— = P——

2.6 | Monitoring ——— |

© Hitachi, Ltd. 2021. All rights reserved. 16
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4. Resultsof SPS -1 n',"p'T‘?‘hCmf

The effect of increasing the connectable amount of wind power generation
by SPS was verified and confirmed.

B [t was confirmed that SPS is more

O e o »— PLAN SIECI PRZESYLOWEJ NAJWYZSZYCH NAPIEC
" oy — effective in a reas where_ a large
Q tecium amount of wind power is installed.
- m It was confirmed that the transmission
f capacity of the bottlenecked
4 ) transmission lines could be raised.

W It was confirmed that the connectable

[ WithsPS | amount of wind power generation
5 == mm——— could be increased by 1.96 times in
g¢ C1oe i the harshest section of the area where
P e~ the SPS was effective.
: >

*An example : 9pm, July 14th, 2020
© Hitachi, Ltd. 2021. All rights reserved. ]_8



4. Results of SPS - 2 HITACHI
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The visualization of overload risk and countermeasure by
the DSS function of the SPS was verified and confirmed.

DSS (overload > 100%) Auto (overload >120%) B It was confirmed that overloads in 57.7%

_ « Num of Contingency : 49 cases « Num of Contingency: 49 cases of N-1 contingency cases could be
Calcul_a_tlon » Overload threshold: >100% * Overload threshold: >120% mitigated or eliminated for overload risks
condition « Manual control for all generators « Automatic control for WF in R
(Decision Support system) demonstration area of more than 1000/0, targetlng power
S S plants throughout Poland for control.
Result 1: ; . 0 - . . .
Calculation Ratio of overload cases: 3.82% Ratio of overload cases: 1.68% @ Tt was confirmed that overloads in 35.1%
results for Overlcad Overioad of N-1 contingency cases could be

mitigated or eliminated for overload risks
of more than 120%, targeting WF in

gency case

Removed demonstration area for control.
Result 2: B In the case where countermeasures
g‘:ﬁ:"\‘,’;‘} No o8 No Cout cannot be taken by the SPS, the
mitigation Ov. Mitigated necessity of expanding the control target
Ov. Mitigated and enhancing the grid was shown, and

the visualization of overload risk and
,Data period: Oct, 2019- Sep, 2020 countermeasure was verified and
Automatic control countermeasure could not be planned when the WF output was low or .
when there were no control targets. By increasing the number of control targets, it is confirmed.

ossible to increase the rate of countermeasure planning.
P P 9 © Hitachi, Ltd. 2021. All rights reserved. ]_9



4. Results of Hybrid BESS-3 HITACHI

Mitigating short-term fluctuations in wind power and providing reserve power has been
verified and confirmed.

Providing reserve power m— WEF fluctuation mitigation

v'Primary (FCR), secondary - v'Mitigate WF fluctuation
(FRR) and tertiary (RR) Eﬁ,uﬂ keep within 10%
reserve power equivalent =l output Output
Output prOVided SPS‘ ‘ 27
| | | Remot Power
pemoe

WF Generation

[ S

=Hn Owner
Time > O 6 MWi WF Output Time
terminal

FCR* 6MW <30sec  >15min &
FRR  6MW <15min >15min K ) 0
o B MW %

RR  5MW <15min  >2hours EE O - harge
*Verified the response time of BESS as Lead-Acid Lithium-lon | T T TTTTTT
FCR due to regulation issues. Battery Battery -6MW BESS Output

© Hitachi, Ltd. 2021. All rights reserved.
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4. Comments from Polish Participants HITACHI
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"Rising integration of non-dispatchable sources of energy in energy mix
constitutes a challenge for Transmission System Operator, hence PSE
searches for solutions increasing the security of the Polish Power System.
The SPS and BESS will contribute to improving the operation of the
transmission grid in the increasing wind power environment. For this reason,
I am satisfied that PSE could participate in this project and become one of
Eryk Klossowski the first companies in Europe to implement a system with intelligent grid
CEO, PSE S.A.  functionalities."”

"Energa Group owned by ORLEN Group, as the leader in the development
of renewable sources of energy in Poland, spotted technical challenges
related to the expansion of RES and acts for the quality and reliability of
energy supply. We want to achieve that through the development of
modern infrastructure for energy storage purposes. Our attention and
active participation, as well as Energa Group's engagement at almost all
stages of the project permitted us to acquire and develop the best world-
class technical knowledge and reach unique competence. Due to another Piotr Meler,

modern energy storage, we have gained experience in this type of CEO, Energa OZE SA
investments and we can see further 'green’ prospects, which should be

beneficial for the entire Polish energy and industrial sectors.”

Source : July 8, 2021 News Release, Website of each company © Hitachi, Ltd. 2021. All rights reserved. 21
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