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Abstract - According to the new climate change agreement, technology development to reduce greenhouse
gases is actively conducted worldwide, and research on energy efficiency improvement in the field of power
generation and transmission and distribution is underway [1,2]. Economic analysis of the operation method
of storing and supplying surplus electricity using energy storage devices, and using energy storage devices
as a frequency adjustment reserve power in regional cogeneration plants has been reported as the most
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profitable operation method [3-7]. Therefore, this study conducted an economic analysis for the installation
of energy storage devices in the combined heat and power plant in the Czech Republic. The most important
factor in evaluating the economics of battery energy storage devices is the lifespan, and the warranty life
is generally 10 to 15 years, based on charging and discharging once a day.

For the simulation, the ratio of battery and PCS was designed as 1: 1 and 1: 2.

In general, the primary frequency control is designed as 1: 4, but considering the characteristics of the
cogeneration plant, it is set at a ratio of up to 1: 2, and the capacity is simulated at IMW to 10MW
and 2MWh to 20MWh according to each ratio. Therefore, life was evaluated based on the number of
cycles per year. In the case of installing a battery energy storage system in a combined heat and power
plant in the Czech Republic, the payback period of 3MW / 3MWh is more favorable than SMW / SMWh,
considering the local infrastructure and power market. It is estimated to be about 3 years or 5 years from
the simple payback period considering the estimated purchase price without subsidies. If you lower the
purchase price by 50%, the purchase cost is an important part of the cost for the entire lifetime, so the
payback period is about half as short. It can be, but it is impossible to secure profitability through the
economy at the scale of 3MWh and SMWh. If the price of the electricity market falls by 50%, the payback
period will be three years longer in P1 mode and two years longer in P2 and P3 modes.

Key words : Frequency Regulation, Battery Energy Storage System, Combined Heat & Power Plant, Eco-
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Teble 1. A58 A HEAY 71257

Average price (EUR/MWh) 42.38 36.74 32.96 3232 31.15
Average price - peak (EUR/MWh) 48.39 42.66 37.38 3632 35.50
Average price - off-peak (EUR/MWh) 36.37 30.81 28.55 2832 26.80
Amount (TWh) 12.16 12.99 15.11 1997 20.14
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Teble 2. A58 Fo AHNA 7145

Average price (CZK/MWh) 1093 1051 969 976 960
Average price - peak (CZK/MWh) 1136 1113 1007 1018 1032
Average price - off-peak (CZK/MWh) 978 901 871 878 812
Amount (GWh) 328 417 443 539 537

Table 3. A5 A=llbXL A 71457

Average price of RE+ (CZK/MWh) 2338 2516 2479 2573 2638
Amount of RE+ (GWh) 392 377 279 284 265
Average price of RE- (CZK/MWh) 27 37 22 12 7
Amount of RE- (GWh) 389 412 -390 418 375

Table 4. A7 A BFA BANY 1A%

Sum of positive imbalances (GWh) 1025 1103 1111 1138 1075
Sum of negative imbalances (GWh) -1028 -1070 -1000 -1003 -964
Cost of imbalances (mullions of -1509 -1517 -1087 -1230 -1102
CZK)

Price of counter-imbalance (CZK/MWh) 1103 1034 939 218 946
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Size Cycles Lifetime RE+ at TG2
(MW/MWh) -Iyear years (%)
111 261 192 18
2/2 300 16.7 19
313 343 14.6 20
4/4 390 12.8 21
5/5 444 113 22
6/6 503 99 24
17 562 8.9 26
8/8 616 8.1 29
9/9 650 7.9 34
10/10 505 9.9 49
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Size Cycles Lifetime RE+ at TG2
(MW/MWh) -lyear years (%)
1/2 146 34 9
2/4 169 30 9
3/6 194 26 10
4/8 222 23 11
5/10 253 20 13
6/12 292 17 14
714 332 15 16
8/16 372 13 17
9/18 404 12 21
10/20 278 18 44
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Teble 6. HE 2ol A A A2 o] AR R4 whetulg

FuppgE wiE A AR BAY 4 75

o ¢t
A B

Al =49 3IMW 5MW
2} &% 3MWh 5MW
AnS Alg& 913 WA St IMW 3MW
+% 2E 1 PREE AlF

2| 48 8.00 8.004
B 14.29¢ 14.294
B A SAF 675 MWh/$d 1,125 MWh/ g
% BE 2 SRR AlF

71t 478 16 134

A7ZE AlFo Y R (reg. energy) A= (+) 692MWh/d 692MWh/ d

AZE Aok q A (reg. energy) A= (-) -591MWh/\q -59IMWh/
£9 »E | : PR+SR 2%

71t 478 16 134

PR3} SRO| H]& 30% : 70% 30% : 70%
Axt FHEAIZE 1494 149/
Table 7. vje 2o qAAGA | o FAlE &4 ¥4

o et
A B

2 whetolE

TS viE e 74 650,000 €/MW 600,000 €/MW

& 26.5 K&/€

e g A% AAES] Fuf 71 (a) 51,675,000 CZK 79,500,000 CZK

Tl e 71 Fae] E vE(b)

3,000,000 CZK 3,000,000 CZK

A2 o A9l 15 % B EREC)

7,751,000 CZK 11,925,000 CZK

A A28 % 7HA atbeo)

Hjj & 2]

46,924,000 CZK 70,575,000 CZK

9 shehlg

jus)

fE 2] 2Hold Hx AL 74l

3,180,000 CZK/4~1 5,300,000 CZK/4~™

A7t £qu] (o) 7h2e] 1 %)

517,000 CZK/$ 795,000 CZK/$

50,000 CZK/$ 50,000 CZK/\d

1,650,000 CZK/Qd

1,100,000 CZK/W
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Table 8. 3MWh, SMWh WjE] 2|01 2| 44 A| 2l 2] 1] &
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Yo 71E Aaol A A 3,000 4 3,000 3
o 7] W oo ug 8,268 12 12,720 13
Z27] A vg 3,180 5 5,300 5
Z7F Al (¥4 Adh 800 1 800 1

% v 66,923 100 101,320 100

Table 9. A gEete] vj=yiundld o4y 529
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2k AGMW) i 2k B(SMW)
4] T/ H] 5] T3 H]
$9mE Pl
PR %9 49 226,610 93 226,610 90
TG29}o] Agto @ 915t Aok 17,600 7 26,400 10
%520 244210 100 253,010 100
$dRE P2
SR &8 %9 236,465 80 222,565 79
) FA oy =A e 39,559 13 34,034 12
() A AF A 422 0 62 0
TG29}e] Ato & Qlgh Aok 18,700 6 24,750 9
9 294,795 100 281,411 100
2w p3
PR £9 49 71,990 25 63,987 24
SR 9 49 175,283 60 155,795 58
) A =R $=e 27,691 9 23,824 9
() A MG A 422 0 43 0
TG29}te] Ato & Qlgh Aok 18,700 6 24,750 9
%420 293,714 100 268,399 100
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