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M5BAT - Overview of technologies and parameters

ety el Number, Nominal power / nominal Nominal cycle Wirin Nominal cell
y 9y Abbreviation | energy number g voltage
2V

Lead-acid (OCSM) 1; Pbl 630 kW / 1066 kWh 1500 300s1p

Lead-acid (OCSM)
2: Ph2 630 KW / 1066 kWh 1500 300s1p 2V
3: Pb3 630 kW / 843 kWh 2400 308s2p 2V
4; Pb4 522 kW / 740 KWh 2400 306s1p 2V
5. LMO1 630 kW / 774 kWh 6000 192s16p 3.7V
6: LMO2 630 KW / 774 KWh 6000 192s16p 3.7V
7: LMO3 630 kKW / 774 kWh 6000 192s16p 3.7V
8: LMO4 630 KW / 774 KWh 6000 192s16p 3.7V
9: LFP 630 kW / 738 KWh (923 kWh) 5000 240s10p 3.2V
10; LTO 630 KW / 230 kWh <12.000 312532p 2.3V
Overall system (BESS / M5BAT)  M5BAT 6,19 MW / 7,78 MWh
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M5BAT - Connection scheme (status: Feb. 2023)
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Events in April 2023

m 01.04.2023
o LFP overvoltage error
m 03.04.2023
o Maintenance work between 8:00 and 16:00 MESZ

o Maintenance work fire detection and extinguishing system
0 06:33:48 till 07:11:00 no frequency measurement available due to transformer shutdown

m 08.04.2023 till 18.04.2023
o Pb3 problems with cell voltage measurement; no cell defects found after inspection
0 17.04.2023: Pb3 Inverter Error

m 28.04.2023

o Fullcycle Pbl
m 29.04.2023

o Fullcycle Pb3

5 13.05.2024 | Lucas Koltermann, Mauricio Celi Cortés, Sebastian Zurmiihlen, Jonas van Ouwerkerk, Dirk Uwe Sauer m P ’ RWNTH
d Electrical

Chair for Electrochemical Energy Conversion and Storage Systems e e



Data Explanation Table BESS

DateAndTime Date and Time UTC Timezone ('yyyy-MM-dd HH:mm:ss")
M5BAT_P Active power of M5BAT measured at the network node kW (- = charging; + = discharging)
M5SBAT _Q Reactive power of M5BAT measured at the network node kVAr
Grid_frequency Grid frequency measured at the network node mHz
Temperature Ambient temperature at M5BAT site 0.1°C
FCR_activated Activation signal fir FCR True = FCR activated
FCR_P Active Power for FCR (calculation) kW (- = charging; + = discharging)
FCR_control Control band for FCR kW
SPA _ask P Request for active power for setpoint adjustment kW (- = charging; + = discharging)
SPA _exec P Active power for setpoint adjustment kW (- = charging; + = discharging)
SOC State of Charge for M5BAT (calculated) %
Interpolated Interpolation signal for data evaluation True = Value linear interpolated
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Data Explanation Table Battery unit

DateAndTime Date and Time UTC Timezone ('yyyy-MM-dd HH:mm:ss")
P_AC_Set Setpoint for active power of battery unit after the inverter kW (- = charging; + = discharging)
Q_AC_Set Setpoint for reactive power of battery unit after the inverter KVAr
P_AC Active power of battery unit after the inverter kW (- = charging; + = discharging)
Q_AC Reactive power of battery unit after the inverter KVAr
SOC State of Charge (BMS value) 0.1%
| DC_Batt Current measured at battery unit 0.1A
U DC_Batt Voltage measured at battery unit 0.1V
Mode PQ Inverter Mode (Power output) True / False
Mode_Stop Inverter Mode (Stop) True / False
Mode_Silent Inverter Mode (Silent) True / False
Mode_Wait Inverter Mode (Switching) True / False
Interpolated Interpolation signal for data evaluation True = Value linear interpolated
7 13.05.2024 | Lucas Koltermann, Mauricio Celi Cortés, Sebastian Zurmiihlen, Jonas van Ouwerkerk, Dirk Uwe Sauer m e | IRNNTH
Chair for Electrochemical Energy Conversion and Storage Systems e et



M5BAT — Availability of Batteries

Explanation:

m Availability stands for M5BAT or the
battery unit being in standby or actively
providing power.

m M5BAT is available if one battery unit is
available at this time

m 15t of April LFP outage due to voltage
limit violation

m 3" of April outage due to maintenance

m 18t of April: Pb3 outage due to inverter
error

M5BAT
Pb1
Pb2
Pb3
Pb4

LMO1
LMO2
LMO3
LMO4
LFP
LTO

TAOSOLOMNOOOO—ANMITOONOO O

D s vl v v v s v v

Day of Month: April 2023

2
21
22

Availability in %

Dotted line to dashed line: weekend
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M5BAT — Operation Mode April 2023

Explanation: 100 | | |
m M5BAT is only prequalified for FCR
service (3 MW) in April 2023 80 -
m 99.08 % of the time in April M5BAT is
o ) 2
delivering FCR service < 6ol
. . )
m 3rd of April no delivery due to g
maintenance > “Other” g ol
2
20 -
0 0.00 0.00 0.92
FCR aFRR Fixload Other
Abbreviation:
m FCR: Frequency Containment Reserve
m aFRR: automatic Frequency Restoration Reserve
m Fixload: Fixed load specified by Uniper Dispatching
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M5BAT — Efficiency per unit

April 2023

Explanation: w 91.82| 190.64| 91.64 lgg 53
m Efficiency calculation based on inverter 50|
measurements
m kWh-Efficiency of battery units in light ; 50
color 5
m Li-ion: 96%6-98% S .
= Pb Gel: 85-92% "
m Pb water: 75-80% 20
m kWh-efficiency of battery unit incl.
Inverter in intense color . . , | ,
m 6-10% decrease in efficiency o »N\o'L»N\o"’ WO
Hint:

| | | | |
97.89 97.92 9791 97.53 96.83 96.06

m Light color: efficiency without inverter losses

m Intense color: efficiency including inverter losses

m BESS : Battery energy storage systems
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M5BAT — Efficiency per component April 2023

100 I I I | I
. 94,92
Explanation: 9176
m Components named, are the < 80
combination of all installed components ¢
of this kind g 0
Q0
m Batteries = all ten battery units of different =
technologies a
= 40
m Most losses occur at transformer level, 3
followed by inverters 3 .
O |
BESS Transformer Inverter Batteries Inv+Batt
Hint:
m BESS: Battery energy storage systems
Calculation: [ RTF: Round-Tr?p Efficiency
m PE: power efficiency
RTEBESS = RTEBattery ) I:)Elnverterz ) I:)ETransformerZ = RTEBattery ) RTEInverter | RTETransformer
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M5BAT — Energy throughput per day

Explanation:
-Th h
= Energy throughput measured at the 10 g onergy-Throughputperday
i i B Charge
grid node (medium voltage level) — il

m Energy throughput includes battery
testing, FCR service, SOC-management,
but different services can cancel out at
grid node - higher energy throughput for
addition of services possible

m Charged ~100 MWh
m Discharge ~79.5 MWh

m Transferring charge between battery
units is not included - higher energy
throughput for battery units possible TNOTODONROO T NRILONRORINOIVONDRI

~ Y Y M T T ™ ™ ™ «—

Day of Month: April 2023

E in MWh

2
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M5BAT — Energy throughput per month in FCR operation

Explanation:
. Energy-Throughput FCR per da
. Energy throughpUt for FCR SerVICe 10 T T T T T T T T T T gly I I I gl pl I I I pl T T T T T I I I T I
) I Charge
m Dependent on grid frequency I Dischargo
<
=
=
£
L
CFTANNOLTDONODPO-—NNITOONDDO - NDTWOONDD O
TT T T T T T T T T AN ANANNNNANANNANOm
Day of Month: April 2023
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MSBAT — Energy throughput per month for operating point adjustment

Explanation:

m Energy throughput for SOC-
management (Setpoint adjustment
(SPA))

m Energy is bought on the intraday
continuous market (15min)

m Due to 78% efficiency mostly,
recharging is necessary to maintain
allowed SOC region for FCR-service

E in MWh

Energy-Throughput setpoint adjustment per day

T

I T I I T I I I I T I I T I I T I I T I I T I T I

B Charge
I Discharge

TANMOMTSTLOLOMNODO—ANMTLWONOWOO O

~ Y Y M MM Y™ Y™ ™ ™ —

Day of Month: April 2023

2

21
22
23
24
25
26
27
28
29
30
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M5BAT — Energy distribution over 4h block of FCR - M5BAT April 2023

6 T T
Explanation:
m FCR energy per 4h Block normalized 51
on tender
m Degrees of freedom were not used Rar
S 2t
1 -

I I
-1000 -500 0 500

FCR energy normalized on tender kWh/MW over 4h period
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Grid frequency

Explanation:
. . . N
= Top graphic: measured grid frequency in T 50.2 . . . . . .
April 2023 >
c
© 50
. : 3
O B_ottc_)m graphlc. grid frequency S s | | | | | | | | |
dISt”bUtlon © Apr 01 Apr 04 Apr 07 Apr 10 Apr 13 Apr 16 Apr 19 Apr 22 Apr 25 Apr 28 May 01
0 Red dashed lines: Deadband boundaries, 2023
within this area no FCR is necessary o 10— . . T . , . |
£
s
c 5 —
o
>
O
O
O O | | | | 1 1
49.8 49.85 499 49.95 50 50.05 50.1 50.15 50.2
Grid frequency in Hz
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M5BAT — Battery SOC

. 100
Explanation: s T
. . £
m SOC history for battery units o 50 o
. @)
= Area describes 50% of SOC values per  ® Ph
day; solid line represents daily mean Apr 01 Apr07 — Apr13  Apr19  Apr25
2023
SOC 100 T T T T
m SOC rises to 100% at maintenance a LMO
=~ 50} | LMO2
charges / procedures 9 LMO3
/)] LMO4
0 1 I 1 1
Apr 01 Apr 07 Apr 13 Apr 19 Apr 25
2023
100 . | . |
2
£ LFP
g Lo
)]
0 1 | 1 |
Apr 01 Apr 07 Apr 13 Apr 19 Apr 25
2023
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M5BAT — Power distribution for 2023

Explanation:
m Energy throughput for lithium-ion . Share of Energy-Throughput per battery
batteries is intended to be higher due to
higher cyclic stability
m Lead-acid batteries are used as backup
= High energy throughput caused by - —— T
maintenance charges or fullcycle tests = Lm0 2
£ [ JLMO 1
L [CPb 4
TNPTeENEOoC 0RO RRRTARYRERNERS
Day of Month: April 2023
Ethroughput — |Echarge| + |Edischarge|
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M5BAT — Power distribution for 2023

Explanation:
m Energy throughput for lithium-ion Share of Energy-Throughput per battery
batteries is intended to be higher dueto ']
higher cyclic stability
: : 80 B L TO
m Lead-acid batteries are used as backup
O Hig_h energy throughput caused by ; 50 :mi
maintenance charges or fullcycle tests 0 ::me
5 40 e 4
I P 1
20
Day of Month: April 2023
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M5SBAT — Equivalent full cycles April 2023

Explanation: 90 ' ' ' ' ' ' ' ' 86177 |

m Mainly microcycles or partial cycles 80 -
70 | .
D 60+ |

o

>
O 50 - -

o
Q40 - .

£
> 30 1

20.98
19.51
20 L 19.15 18.85 19.19 1641 -
10 - 7.08
4.05 3.15 2925
0 | | | |
A v g & A 2 gl & < o) S
Q0 Q07 Q07 09 \,N\O \,N\O \,N\O \,N\O w8 %?/6
Cycles Batt = |Echarge,Batt| + |Edischarge,Batt|
, =
Enominal,Batt °2
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License

by RWTH Aachen ISEA s licensed under a Creative Commons Attribution 4.0

-2 ntcrnational License. To view a copy of this license, visit
http://creativecommons.org/licenses/by/4.0/.

@ ® This dataset published under DOI: https://doi.org/10.18154/RWTH-2024-04895
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