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Motivation for a Dynamic Battery System Model :G‘-‘

Efficiency guideline for
PV storage systems
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» Data sheet figures provide insufficient performance
information

» Max. battery capacity, max. inverter efficiency
* Min. stand-by consumption

» Validated and comparable measured figures as input
» According to efficiency guideline from BVES/BSW

» Settling time, battery round trip efficiency, stand-by
consumption, inverter efficiency characteristics

—~ Performance indicators like €piarky» Eselt-consumptions sys
can easily be generated
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Dynamic System Model Power Flow Paths :(i‘l‘

 Characterizing the battery system

Pvs completely:
AAA Pspy
e NS - knowledge of each power flow path
+_ c respective efficiency curves
1 .
PV BAT  at any time

» Power and power flow paths in PV
storage systems: PV2AC, PV2BAT,
AC2BAT, BAT2AC, [VARE, GRID,
LOAD, VB, SPV

Proao Pario - Battery state of charge C

N
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Power Flow Calculation :G‘-‘

PPV2LOAD
Ppyaroap(t) = mln(P pvac’ (), PLoap (t))
Py ac' () = Baupm(t) * Npvaac(Baum(t))
N ‘; §|PV,AC ‘; f| +'||'_
PV BAT
5 LOAD -
LOAD
%2 _ ~ Puwono
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Power Flow Calculation :G‘-‘

P PV2Bat

Battery charging for Ppy ac: > PLoap

Povagatac(t) = Peatacs * Naczeat(Peatac:(t))

\ - /|pvAc BaTAc| ~ +‘||'_
U = —
PV |pv,DC ~ BAT,D] BAT

LOAD
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LOAD

) . . PLOAD
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Power Flow Calculation
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PV.AC BAT,AC| ~ -
—c>‘| : |—p— 1
PV.DC | -1 BaT,Dq BAT

3

LOAD

'DLOAD

P BAT2AC

b) Battery discharging for Ppyac < Ploap

N\

A4
LOAD GRID

M. Knoop et al., "MATLAB-basiertes Simulationsmodell zur
Berechnung der elektrischen Leistungsfliisse im PV-Speichersystem,”
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Pgat ac(t)

Patonc(t) =
NBAT2AC <

Pgatac(t) >

naczear(Peatac(t))
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Power Flow Calculation :G‘-‘

PGRID
Pgria(t) = Ppyac'(t) — Peatac(t) — Proap(t) — Pyg(t)
'DVB
A
+ —
1t
BAT
LOAD
0 ) ) ) PLOAD PGRID
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State of Charge Calculation :G‘-‘

Battery state of charge C
C(t +At) = C(t) + (Ppy2ear(t) — Pearoac(t) — Pspy(t)) * At

PSPV
A
At
- /|pvac BAT,AC +'||'_ C
A
PV IPV,DC ~ BAT,DJ BAT
|
—© o
LOAD
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Three Performance Indicators :G‘-‘

€self—sufficiency =

\/ - /|pvac BaTAC Y
g”_ :'E e b Peatoroap(®) * neatoac(Peatoac) dt

X M a— J Proap () dt
Tk
OAD — TP €self-consumption =
—o—F AD(t) + Ppatonoap(®) * Meat2ac(Peataac) dt
BAT2 PV2 ) P -
LOAD | LOAD 100 AAVi J 1o ome (t) dt
E > > 0~ %@ BAT,DQ ';i:; r’S — Eused ==
. g — | ear, ys — =
Esupplied

" N D gl
Ppy21.0aD S Py p58pRn () + (Pearagrin() * Npatoac(Pearaac) dt
LAB-basiertes Simuk:t):;nsmodell zur J ’ﬂmmﬂ (t) + PVB dt
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System Evaluation, AC-coupled Storage :G‘-‘

10 kKW
Weather data PV wlverter
'I-*F_
BAT. OC| BAT
11 kWp PV generator 30° [ G0 hegp 2.5 KW charging and
inclined, south oriented g discharging power,
LoaD 5.9 kWh usable

Household load profiles, 3.5
MWh/a to 8.6 MWh/a
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System Evaluation, DC-coupled Storage :G‘-‘

10 kW
PV inverter

Weather data

11 KWp PV generator 30° 100 D 3 kW charging and
inclined, south oriented g 2.7 kW discharging
LOAD power, 6.1 kWh

usable

Household load profiles, 3.5
MWh/a to 8.6 MWh/a
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Performance Indicator Comparison

‘%

Comparison based on one day as example

DC-System (Lead-Acid) | AC-System (Lithium-lon)
Model | Measurement | Model Measurement
€ Autarky 71.1% | 69.5% 81.8% | 78.8%
ESeIf-consumption 65.6% 65.3% 74.6% 71.7%
TIsys 76.6% | 76.9% 81.2% | 80.8%
N
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Conclusion e
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* Yearly simulations with the dynamic battery system model enables
« Calculation of meaningful key performance indicators
« Comparison of different battery storage systems

» Model accuracy has been proved

» The model can work with figures based on an upcoming standard based on the
BVES/BSW efficiency guideline

» Model described in Task 13 ST 1.3 report

* The IEA PVPS Task 13 ST 1.3 report will be published and ready for download
in early 2021 on the IEA PVPS website hiips:/iea-pvps.ora/
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