
Challenges in the selection and design 
stage of commercial energy storage 
systems

energia.bruk-bet.pl

Comprehensive RES



WHO
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Construction of industrial and commercial 
photovoltaic installations

Analysis and improvement of corporate 
energy efficiency

5 System services and capacity market

6
Operation and 
Maintenance (O&M)

Construction of photovoltaic carports with EV 
charging stations

Professional consulting at every stage of the 
investment (Ready-To-Build)

4

3

We are?



Comprehensive offer for 
improving energy efficiency

Our mission is to increase the energy security and 

financial stability of business entities through the 

implementation of eco-friendly energy-saving 

technologies along with accompanying Energy 

Management Systems (EMS).

Energy 
storage

Heat pump

Photovoltaic
installation

Balancing
services and DSR

PV carports

Mission and vision



Data analysis as key method for
corporate cost optimization

WHY
an energy storage
system?
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HOW TO EARN
Money using an
energy storage and 
PV systems?



RES structure in Poland

Power of PV installations and wind farms

2006-2024
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150 PLN

2400 PLN

Electricity prices and PV production 
on July 18, 2024

RES structure in Poland



Energy cost optimization

How to earn/save money 
from an PV & energy 
storage system?



Demand analysis
Defining needs and capabilities

Average daily energy flow profile broken down by days of the week [kWh]
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chart of real demand without PV generation
chart of distorted demand including PV generation
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Monday Tuesday Wednesday Thursday Friday Saturday Sunday



Optimization of costs resulting from the DSO 
(Distribution System Operator) agreement.

DSO invoices

1. Contracted capacity

2. Contracted capacity excesses

3. Active Energy

4. Reactive Energy

5. Capacity fee

Energy storage

1. Reduction of contracted capacity*

2. Energy buffer

3. Price spread +PV - self-consumption

4. Reactive power compensation

5. Up to 83% savings on capacity fee.

COSTS SAVINGS

Entrepreneur's perspective.

Avoided costs.



The service involves the voluntary reduction of 
electricity consumption by companies or the 
shifting of consumption time at the request of 
the system operator.

Qualification for DSR:

SYSTEM SERVICES – Grid perspective.

$ 1 MW = 200,000 PLN

Real demand reduction capability

Minimum connection capacity: 100 kW

Capacity Market Services

DSR- Demand Side Response

If deviations are greater than 0.2 Hz, it may 
lead to the shutdown of installations or the 
grid, and even lead to a blackout. Causes of 
grid frequency fluctuations:

$ 1 MW = approx. 700,000 PLN

Unplanned electricity consumption and supply

Greater share of weather-dependent sources 
in the power system

Grid Frequency Stabilization

Balancing Services



EMS- Energy Management System

The EMS plays a key role in the intelligent 

management of an energy storage 

system by monitoring energy flows within 

an enterprise, as well as performing a 

supervisory function using dispatchable 

power to stabilize distribution network 

parameters through the use of the 

capacity market and balancing services.



Cooperation with the grid 
operator

(capacity market and balancing 
services))

EMS- Energy Management System

Improvement of energy efficiency
(intelligent energy flow management)

Maximization of investment 
profitability

Advanced monitoring of key system 
parameters

Supervision over energy
flow

Implementation of defined 
operating scenarios

EMS



CASE STUDY

Technical-economic
analysis



Presents the optimal configuration of 
ES power and capacity as well as PV 
power

What it includes and what benefits it brings to the investor:

Technical-Economic Analysis

Visualizes energy flow simulation

Checks the energy storage utilization 
rate – optimal selection of ES operating 
cycles

Presents savings potential within the 
capacity market and balancing 
services

Illustrates the improvement in the self-
consumption rate of existing PV

Indicates the level of investment 
expenditures, savings in the enterprise, 
and the payback period



[x] Increase in self-consumption
[x] Capacity fee reduction
[x] Reactive power reduction
[x] DSR
[x] Balancing services

Contracted capacity: 1600kW
Energy settlement:           Market-based purchase
PV – current capacity 50kW
PV planned expansion: 900kW
Capacity reserve: 300kW/2h

Enterprise Parameters

Expected Results

Assumptions for Technical-Economic Analysis



Demand Analysis
Determining the nature of the enterprise's operations

Daily flow profile by hour 
Monday - Friday

Daily energy flow profile by 
day of the week

Annual energy flow profile Cat litter factory
Contracted capacity: 1600kW
Energy settlement:         Market-based purchase
PV – current capacity: 50kW
PV planned expansion: 900kW
Azimuth and angle – southern                              15
Power reserve: 300kW/2h

-5000

0

5000

10000

15000

20000

25000

30000

35000

To
ta

l d
ai

ly
co

n
su

m
p

ti
o

n
[k

W
h

/q
u

ar
te

r]

Date

0
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300

0 6 1218 0 6 1218 0 6 1218 0 6 1218 0 6 1218 0 6 1218 0 6 1218

poniedziałekwtorek środa czwartek piątek sobota niedziela

A
ve

ra
ge

va
lu

e
[k

W
h

]

0
100
200
300
400
500
600
700
800
900

1000
1100
1200

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

A
ve

ra
ge

va
lu

e
[k

W
h

]

Hour



Daily energy flow profile by day of the week
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Individual days

Average daily profile by day of the week [kWh]
The facility's contracted capacity is 1600kW

Średnia Wartość zakłamana Zapotrzebowanie realne

Demand Analysis
Determining the nature of the enterprise's operations

Moday Tuesday Wednesday Wednesday Thursday Saturday Sunday

Distorted average value Actual demand



Annual energy flow profile
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Total consumption on individual days [kWh/quarter]

Suma Wartość Zapotrzebowanie realne

January February March April May June July August September October November December

Total value Actual demand

Demand Analysis
Determining the nature of the enterprise's operations



Average min. demand.                                              900kW

Average max. demand 1100kW

ES selection for DSR min 1000kW

ES selection for balancing services 1500kW

Contracted capacity: 1600kW

Energy settlement:                         Market-based purchase

PV – current capacity: 50kW

PV planned expansion 900kW

Power reserve: 300kW/2h

Enterprise Parameters

Parameters for ES (Energy Storage)

Assumptions for ATE 
(Technical-Economic Analysis)

1,5MW/3MWh

ES parameters adopted for energy flow simulation

Adopted RDN (Day-Ahead Market) spread arbitrage: 4h 
Winter/2h Summer



System operation simulation
Energy flow diagram

Component Factory

self-consumption rate > 77%

Energy storage arbitrage operation > 87%

856,5453 [MWh]

77,01% 659,6679 [MWh]

8,24% 70,616 [MWh]

14,74% 126,2613 [MWh]

5875,944 [MWh] 6558,974 [MWh]

91,77% 5392,592 [MWh] 82,22% 5392,592 [MWh]

8,23% 483,3524 [MWh] 10,06% 659,6679 [MWh]

126,2613 [MWh] 7,73% 506,7141 [MWh]

100,00% 126,2613 [MWh]

553,9684 [MWh]

12,75% 70,616 [MWh]

87,25% 483,3524 [MWh]

552,3184 [MWh]

91,74% 506,7141 [MWh]

8,26% 45,6042 [MWh]

Z sieci

Sieć (OSD)

Import

Odbiory własne

Ładowanie magazynu z sieci

Produkcja z PV

Autokonsumpcja

Do magazynu energii

Oddana do sieci

Zapotrzebowanie

Z instalacji PV

Z magazynu energii

Magazyn energii

Ładowanie magazynu

Ładowanie magazynu z PV

Ładowanie magazynu z sieci

Export

Energia oddana do sieci

Rozładowanie magazynu

Odbiory własne

Strata energii w magazynie

PV Production
Self-consumption
To energy storage

Exported to the grid

Grid

Own consumption
Charging storage from the grid

Energy exported to the grid

Energy Storage

Storage charging
Charging storage from PV

Charging storage from the grid

Storage discharging
Own consumption

Energy loss in storage

Demand
From the grid

From PV installation
From Energy Storage



System operation simulation
real time Energy market analysis

Component Factory

Identify best hours window to charge/discharge BESS every day



System operation simulation
real time Energy market analysis

Component Factory

Real time prices spread calculation between cheapest and most expensive hours every day.



System operation simulation
Components factory – Winter period
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System operation simulation
Components factory – Summer period
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Revenue summary

1. Contracted capacity
2. Contractual power exceedances
3. Active Energy
4. Reactive Energy
5. Capacity fee

6. DSR
7. Grid frequency balancing

1. Reduction is not recommended*
2. Reduced 100% -22k. PLN
3. Arbitrage + PV self-consumption -282k PLN
4. Reduced 100% -68k PLN
5. Reduced 83% -250k PLN

6. Declared capacity 1,05MW –265k  PLN/year
7. Registered capacity 1,5MW –1,068M PLN/year

DSO invoices

System services

SAVINGS

Savings + revenues = 1,955,000 PLN/year

Energy storage
1,5MW/3MWh



Cost estimate for works including 
energy storage delivery

Energy Storage System Components Price (PLN)

Energy storage system with 3MWh usable capacity and 1.5MW 
power 3 845 500 

Transformer station 720 000

Energy Management System (EMS) / hardware + software 100 000,00   

Energy Management System (EMS) / Services (commissioning) 9 000,00   

commissioning pcs

Battery module system with 3 MWh

1
capacity in LFP technology with BMS management system

Number of duty cycles (10% – 90% SoC 0.5C) > 7200

Permissible ambient temp. -25°C to +55°C

AC/DC Energy Conversion pcs

Bidirectional power conversion module – 1.5MW 1

Energy Storage Housing – Freestanding pcs

Container housing 1

Comprehensive Implementation Service pcs

Configuration and commissioning 1

TOTAL 4 674 500 PLN 
net



Return on Investment (ROI) calculation

power / quantity amount
Service 

coverage
level

value

Av
oi

de
d

co
st

ca
lc

ul
at
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n

DSO arbitrage calculations 1 231 377 PLN 90% 208 239 PLN

PV arbitrage calculations 1 51 739 PLN 90% 46 565 PLN

Peak Shaving - reduction of contractual power exceedances 1
21 729 PLN

90%
19 556 PLN

Reduction of reactive power fee 1 67 732 PLN 90% 60 959 PLN

Reduction of capacity fee 1 500 425  PLN 50% 250 212,50 PLN

Sy
st

em
 s

er
vi

ce
s 

ca
lc

ul
at

io
n DSR services 1 265 255 PLN 100% 265 255 PLN

DSR + 1 0 PLN 0% 0 PLN

Revenues from the balancing market 1 1 068 237 PLN 90% 961 413 PLN

*Revenues from Intervention Power Reserve 1 0 PLN 0% 0 PLN

Return on investment calculation [years]: 3,38 Total benefits 1 812 200
PLN

Correction indicators based on the simultaneity factor



Capacity
Market, 25%

Arbitrage,
11%

aFRR activation, 0.8%

aFRR 48%
FCR, 16%

*Estimates based on Aurora Energy Research data

Simple return on investment

Investment value in BESS

1,5MW/3MWh – 4 674 500 million PLN

Revenues + savings

from invoices = 1,812,200 million 
PLN/Year

Expected simple payback period in as 
little as 2.58 years



Piotr Stefańczyk
Project Manager

piotr.stefanczyk@energia.bruk-bet.pl
+48 882 788 805


