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Introduction

BESS = Battery energy storage systems
Structure:

1. Why we needenergystorage

2. TypesofBESS

3. BESSin thegrid

4. BESSarchitecture

5. Developmentin BESS
6. ProjectsinFinland
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Why Is storage needed?

* Increasing share of wind and solar, which are intermittent and

hard to predict

« Mismatch of renewable production and consumption

Electricity production and consumption in Finland, 10.-17.4.2023 (Fingrid) Typical solar
production profile
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Different types of BESS: Li-ion battery

* Lithium-ion is most common: great efficiency (78-98%) and energy density (75-

250 Wh/kg), cost dependent on critical mineral costs
« Total installed grid-scale BESS amounted to 16 GW by the end of 2021

 The installed technology mix remained largely the same in 2021 compared to

2020 (Li-ion as the most used)

Annual grid-scale battery storage additions, 2016-2021
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Different types of BESS: Other types

 There are many any other types of batteries, such as lead acid, zinc-ion and

natrium-ion batteries
* Flow batteries (vanadium redox flow)

« Advantages: less degradationover time, thanin li-ion batteries, more cycles

« Disadvantages: high investmentcost, lower efficiency, large quantity of liquid

electrolyte needed, availability and price volatility of vanadium

 Largestproject: 100 MW/ 400 MWh in China(openedin 2022)

’, Aaltu l..lnwersuty On the left: cell stacks of
| of Electrica 25.04.2023 vanadium redox flow battery

F“'- nearing Page 5 system



BESS in the grid

* Load shifting
« Hourly or daily balancing

 Charge when overproduction — discharge when
) PV Self-Consumption
load needed, but not enough production

Charge Batteries D Discharge Batteries

« Emergency backup t LOAD

* \Voltage and frequency control (response times
<1ls)

POWER (kW)
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BESS architecture

- Battery Packs

+ Chemical energy is converted into electrical energy.

* Cells in modules that form battery packs.

« Battery Management System (BMS)

Protects cells from harmful operation and hazards.

Monitors the condition of the battery cells.

« Power Conversion System (Converter)

Battery Energy Storage System

BMS

Converter

e

Battery
Packs

SCADA

Converts power flow between the grid and the battery (AC/DC)

« Supervisory Control and Data Acquisition (SCADA)

Collects and analyzes energy data.

Coordinates the components.
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Development in BESS

« Expansion in manufacturing capacity of lithium-ion batteries.

 Almost 90% decrease in the prices of Li-ion battery prices since 2010

» Price stabilization suggested due to insufficient raw materials

+ Estimated CAGR of around 16% for the BESS market during 2022-2029

e The war in Ukraine = Anode and cathode materials increase

Developer margin
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EPC = engineering, procurement, and construction; ESS = energy storage system; MW = megawatt; MWh = megawatt-hour; PCS
= power conversion system,

Average annual prices of lithium-ion battery packs from 2010 to 2022 (in U.S. dollars
per kilowatt hour)
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Projects in Finland

« Pohjolan Voima35 MW lithium ion battery projectto increase system security and

increase regulating power flexibility (N/A)

 TaaleriEnergia/ Merus Power,Lempé&alda 30 MW/36 MWh to balance wind power
production (2024)

* Helen Oy 5 MW/10 MWh capacity BESS system thatis goingto be connectedto the 86
MW new wind farm Lakiakangas 3 (2022)

« 20 MWBESSat Sinebrychoffs brewery in Kerava (2021)

 Neoen’s 30 MW/30 MWh capacity YllikkalaPower Reserve One (in operationsince 2020)
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Conclusions

« BESScan help overcoming the challenge of volatility

of renewable generation.

« BESSis very useful forload balancing and has fast response

times.
« Second biggest storagetechnology after pumped hydro storage.
 Lithium-ionis currently the main technology for BESS.
« BESS systemsarebecoming more economically viable options.

« Thereareproblemsin availability and recycling of materials.
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