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Research Problems

1 What market(s) offer the best profitability and business case for a
BESS?

2 Can you operate with the BESS in several markets at the same
time and are there commercial and technical risks with this?

3 What are the main technical aspects you have to consider when
you operate your BESS? E-g. short term profit maximization can
shorten the lifecycle of the BESS which leads to lowered IRR.

4 What kind of business models exist abroad and in Finland for BESS?

What are the best practices to run a successful/profitable business with
a BESS?
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Figure 3.25 Overview of the 23 most common electricity storage applications along the
dimensions of location within power system and type of economic value, with colour
signifying the relation to variable renewable electricity generation. The selection of

23 applications is based on a review of reports from research institutes, international
organizations, industry, and academia. 45 A detailed description of all 23 applications
can be found in Table 3.4. Schematic inspired by Battke %7

From FREE BOOK — Monetizing Energy Storage (Schmidt/Staffell):
https://doi.org/10.1093/0s0/9780192888174.001.0001
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Types of Battery Electric Storages

“Back-up physical asset”

o Used only in reserve markets
(FFR/FCR-D, FCR-N if size is
adequate), as markets will be
saturated can also be used in
DA,ID etc) but possibility to
physically hedge production
trading

o Optimal location with existing
production

o “Standard size”, 5SMW-container

and it’s multiples
o Electric taxation not involved
since there is no consumption

o Grid fees: ~20t€/MW investment+

0,99/0,66 € MWh
(charge/discharge)

o Typical investors & companies
‘FIN N/A?, see e.g. CAISO

Grid Batteries, FTM

“Part of electric grids”

o Used only in reserve markets
(FFR/FCR-D, FCR-N if size is
adequate), as markets will be
saturated can also be used in
DA,ID etc)

o Optimal location by suitable grid

connection
o “Standard size”, 5SMW-

container5SMW-container and it’s

multiples
o Electric taxation not involved
since there is no consumption

o Grid fees: ~20t€/MW investment

+0,99/0,66 € MWh
(charge/discharge)

o Typical investors & companies;
several, energy companies

Hybrid Batteries, FTM

Grid Batteries, BTM
“Utilizing of existing
connections”
o Aggregated use only in reserve
markets
o Cost advantage is an existing grid-
connection and optimized only in grid
direction
o No standard size
o difficult market on domestic usage
due size-limits in power
o Electric taxation CAN be avoided by
payable petition and separate
measurement of consumption, but is
not cost-efficient on smallest cases
o Grid fees varies by locations, can be
very high
o Service providers/companies : only
few, Innovestor and Powera

Grid + Home
Batteries, BTM

“Best of both possibilities”

o Used only partly in reserve
markets and partly possibility to
physically hedge also

consumption loads/production in

DA
o Optimal location with existing

production (solar panels), but can

be used only with loads
o Electric taxation applies

o Grid fees: varies by locations and

sizes (2-65 €/ MWh)

o Typical service
providers/companies - ; Elisa,
Teravoima, Innovestor, several
new companies

o Investor: user
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Home Battery
“Easy logic”

o Used only to physically hedge
consumption loads and or
production in DA

o Optimal location with existing
production (solar panels), but
can be used only with loads

o Electric taxation applies

o Grid fees: varies by locations
and sizes (2-65 €/ MWh)

o Typical investors &
companies; users
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INDUSTRY

Single-connection

DOMESTIC
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Ancillary Services Markets Local Energy Communities
(Sihvonen et al., 2025) (Firoozi et al., 2020)
o BESS provides ancillary services like fast o BESS in LECs can join the mFRR market.
frequency response. o Participation enables access to manual
o These services offer income opportunities. frequency restoration reserve services.
o Batteries support power systems during the o Optimized scheduling improves efficiency.
energy transition. o Control parameters influence real-time
o High costs and regulatory limits challenge profitability. Flexible energy resources enhance
economic feasibility. community benefits.
Hybrid Renewable PP w/ BESS Office Building Energy
(Seppéla & Syri, 2025) 13 Communities (Lepists et al., 2024)
o BESS is used in hybrid wind-PV power plants. RESEARCH . o )
o Enables shifting production to more profitable ARTICLES o Commeraal buildings Wlth.BESS gnd EV
hours (Nordic electricity market). charging systems can participate in energy and
o Profitability is limited under current conditions. FROM reserve markets. Profits can be shared among
o More viable in high-price bidding zones. FINLAND stakeholders (owner, tenant, operator) using

o Challenges include profit cannibalization and cooperative schemes like the Shapley value..

high capital costs.

Energy Arbitrage

Frequency Services Synergies
(Pusceddu et al., 2021)

Residential PV + BESS Systems
(Merildinen et al., 2023)

o BESS enables energy arbitrage and fast o Cost-effective deployment of residential BESS
frequency response. becomes viable under high electricity price

o Combining both services can boost profitability. scenarios, especially when integrated with solar

o Innovative state-of-charge management is key. PV and intelligent control algorithms.

o Capitalizing peak price windows increases Profitability improves when using real-time price

‘ returns. Operating profits can rise by up to 25% forecasting and smart dimensioning




Best Practices for Profitable MMK
BESS Operations (Finland) s s

'& Stacking Revenue Streams: Combine services like frequency response, arbitrage, and
peak shaving to enhance income (Pusceddu et al. and Firoozi et al.).

Participating in Ancillary Services Markets: Focus on high-value services like FCR-D,
FCR-N, and mFRR where batteries can deliver strong performance (Sihvonen et al. and Firoozi et al.).

- ¥

Utilizing Smart Forecasting and Control: Implement intelligent control algorithms and load
forecasting to optimize battery dispatch and increase returns (Merildinen et al. and Koskela et al.).

g

Forming Energy Communities: Collaborate in local or commercial communities to share
investment and operational benefits (Lepisto et al.).

g

Location and Sizing Optimization: Ensure battery capacity and site selection align with
market price volatility and grid conditions (Seppala & Syri).

10
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Optimization Methods Monthly profit (Vaasan S&hké/PuLP)
250
o Greedy — hand crafted, searching for
buy/sell-pairs during the day 200
o Genetic Algorithms Library — mimicking 150
evolution in nature using a fitness function
100
o Linear Programming Library — using similar
fithess function as above 50 | I | ‘ | | | | | I
| [ R | I I | 10w - I I | S I I
—>The algorithms are only optimizing for a 0 E 2 22 2 8 E £ 2 ¢ 2 8E 2 28 2 8ELgeT
single day at a time (00:00-23:59) § g 82795 §F5 2275 §5gs2dsgF5¢geee
2021 2022 2023 2024
Parameters
o 30 kWh battery e Comparison
o Charging/discharging with 20 % power, o006 1458€ o

keeping SOC 20% — 90% L o00e 1001€
o Using grid fees in calculation co0e . - .
VAT 0% ve

o Efficiency loss 2%, degradation rate Vaasan S&hké Turun Energia
‘ 2%/1000 cycles

H PuLP mPyGAD mGreedy

O

marras =



THANK YOU

Q&A




Conclusion

* BESS can operate in multiple markets.
 Lack of information project financing of BESS

* Exploring different optimizations models
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