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PV battery applications - On-grid
From residential applications to MW PV parks

M Status: Pilot projects and “first mover” market

B Long-term experiences not available yet ?!
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PV battery applications - Off-grid
From small stand-alone systems to MW mini-grids

Most active
Size of the PV array (kWc) market segments
1000 - - p -
] ' 225 kWp PV & 3 Diesel Kings Canyon
] Grid-connected PVsystems : g =
300 ]

100

30

Source: IEA

10 0
-
i
> ¢
E;
e
g
5
1 &
100% 50% 0%

PV energy penetration rate

PV-dominated within the hybrid power plant

systems

Diesel-dominated
systems

\

© Fraunhofer ISE 7‘ FraunhOfer
ISE



PV battery applications - Off-grid
Classification of operating conditions

class 1 class 2 class 3

typlca_l parking residential house mountain hut or wllage_supply
application meter small big

. solar 100 % 70 - 90 % about 50 %

raction

stczirzaege > 10 days 3 -5 days 1 -3 days

charac- |e small currents |e small currents |e medium currents

teristics  |e few cycles e large number of |e large number of
for battery | (mainly one partial cycles (at | partial cycles (at

yearly cycle) different states | good states of
of charge) charge)
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PV battery applications - Off-grid
State of charge for different operating conditions
(classes)
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PV battery applications - Off-grid
Experiences with different battery technologies

not cycles, but
other ageing
effects limit
lifetime

- periods at low
state of charge
limit lifetime

- low energy
density

- low efficiency

- in EC NiCd for-
bidden, exceptions:
stationary, cars,
emergency

capacity available
- relative
expensive
- if parallel cells
supervising of
each cell

Pb NiCd NiMH Li-lon
Positive |- relative cheap |- well established - high energy - high efficiency
- good efficiency | for small applic. density - periods at low
- well established | and cold climates |- no memory state of charge
- many manu- - high power effect don’t limit lifetime
factureres - medium energy - well established |- well established
- simple charging | density for small applic. for small applic.
regimes - many cycles - many cycles - high energy density
- no toxic - high cost
ingredients reduction potential
Negative |- in PV systems |- memory effect - actually limited |- still expensive

- lack of long-term
experiences

- supervising of
each cell
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PV battery applications - Off-grid
Energy management

DC BUS ACBUS Diesel Generator

R ectifier /
Battery Charger
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Smart battery management as part of an optimized
energy management

B Communication interface ﬁ /Q’)/ Weather
between EMS and BMS 7 forecast

B Model based energy * l
management

> Load and generation y é Gg;ﬂ?;‘g;:gd — EMS
management Pl

» Optimized operation of * ‘
batt t
attery system P Load profile for
— Control of energy fluxes battery system
B Model based battery * ‘ R
management o ——
> SOC prediction in “ o Battery model
dependence on load profile {%: b BMS
forecast *
» Efficiencies in dependence SOC SOC
on load profile forecast TL\» forecast
» Information on aging - 9
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voltage / current

Schematics of different charging strategies
Example lead-acid batteries

m Standard: Constant current / constant voltage charge (2,37V/cell) > cc-cv

B Solar: Constant current / constant voltage charge with two end-of-charge voltage

limits (2,45 and 2,35V/cell) 2 cc-cv-cv

B Intensive: constant current / constant voltage charge followed by a limited
constant current phase - cc-cv-cc

Standard solar intensive
current current current
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Comparison of different charging strategies

Example lead-acid batteries

VRLA gel battery operated in
a hybrid PV system with solar
charging regime. Each half
year capacity test plus
intensive charging (lg, up to
total charge of 112 % C,,.,.):

110

100

B Capacity after solar

charging: ~90 % C,, 90

B Capacity after intensive
charging: ~105 % C,,,

- Significant capacity gain
between “solar charging”
and “intensive charging”
for VRLA batteries
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Intensive charging strategy — Capacity gain
Example lead-acid batteries

capacity [Ah]
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| 65 mm

Influence of operating range - \ T
Example LiFePO, batteries @%—'
B ’ ' T | ' ' ' | l | | I |
- | | | | T=40°C,
R = P } S : ****** | Start—-SOC=95%| |
: -
1K Ip—— — . S N
=) - | |
<
Fay
9 0.8 a
Q [ | —e— 65%Stop— |
© L
() socC : :
- | —=— 45%Stop- ‘ | _ ‘ .
0'7__ soc | T T T T I
—— 0%Stop— : : :
SOC | | \
0.6 B w | | | )
0 2000 4000 6000 8000 10 000

Number of cycles 13

~ Fraunhofer

ISE

\



Influence of operating range
Example LiFePO, batteries
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| 65 mm

Influence of operating range | i
Example LiFePO, batteries SR T T '

1.1 ,
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- Medium SOC range advantageous
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Operating control strategies in hybrid battery systems

Hybrid lithium-ion lead-acid battery system

B Combination of a comparably small lithium-ion sub-system
as short-term storage and a lead-acid sub-system as energy
storage

Lithium-ion sub-system is used for short-term balancing of
the actual differences between generation and
consumption

Operation of the lithium-ion sub-system with many partial
cycles at a wide range of different state of charge values

Lead-acid sub-system as energy storage for supplying the
loads during the night and at days with reduced solar
irradiation (depending on the specified autonomy time)

Secured frequent full charges of the lead-acid sub-system
possible, including the CCCVCC charging strategy within
intervals of 4 — 8 weeks

> B Superior target: Increased life time of the storage system 6
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Operating control strategies in hybrid battery systems
Example LiFePO, - lead-acid system

B Cycling of the lithium-ion sub-system
B Full charging of the lead-acid sub-system

SOC
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Lead-acid

0%
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Operating control strategies in hybrid battery systems
Example LiFePO, — lead-acid system

® Example of a transition during discharging in scaled laboratory version

» Lead-acid voltage range: 55 -60 V
» Lithium-ion voltage range: 54 - 67 V

» Discharging current: 50 A — Lead-acid string

—— Lithium-ion string
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Operating control strategies in hybrid battery systems
Example LiFePO, - lead-acid system @ 1000 V

® Example: Switching from lithium-ion to lead-acid without connected loads

Equalization current during switching
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Conclusions

B Long-term experiences with the operation of batteries in PV off-grid
applications available

- Mainly with lead-acid batteries
B Grid connected PV battery systems relatively new topic
- Applications: From residential PV systems to Multi-MW PV parks
- Classification according to operating conditions necessary
- Variety of different (new) battery technologies

B Advanced operating control strategies increase life-times of battery systems:
Long-term experiences with lead-acid batteries in PV off-grid systems

B LiFePO, batteries: No significant influence of degree of discharge on capacity
losses versus energy throughput

B LiFePO, batteries: Reduced capacity losses at medium state of charge ranges
M Appropriate operating control strategies play a key role in hybrid battery

systems (e.g. for PV mini-grids) 20
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