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Optimized Operation of PV-Diesel Hybrid Systems
How much storage is useful?
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Industrial Off-Grid hybrid with energy storage But how much
storage is really

systems are today already economically necessary?
competitive against conventional generation
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Stem CTO: Lithium-lon Battery Prices Fell £

. 70% in the Last 18 Months B - i

“...we're already starting to hear numbers in the $200

to-$250 per kilowatt-hour range”
gtm: Juni 2016

battery costs will fall below the
$100/kWh mark sooner than expected

“..Tesla's current battery costs are $150 to
$200 per kWh, well below the industry average
pack $350 per kilowatt-hour”

Ben Kallo, RW Baird, Marz 2016
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Classification of hybrid systems >

Type | Genset v | Photovoltaic/[lEES] | | Controller Fuel
operation z= ®¥ | generator | savings
No control +
0 = necesary A N (SF < 5%)
. . ++
1 24/7 Controllable (limit) N/A PV (limiting) (SF < 15%)
PV & Storage
. Small (Power +++
2a 24/7 Controllable (limit) application) f’;irgrp\)/g;\te & (SF < 25%)
Medium PV & Storage it
2b 2417 Controllable (limit) (power/energy (Ramp rate & peak
SN ) (SF > 25%)
application) shaving)
. Large (with grid PV, Storage & bt
3 Clileeinali Contratiakieilimg forming capabilities)  Diesel (SF > 50%)

Based on the classification per Fraunhofer ISE (Rogalla, et al. 03/2017 Bad Staffelstein)



Motivation
Why do we need storage at all?

> PV-Diesel hybrids are economically feasible
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But the optimum is usually not reached due to PV's lack of dispatchability ®
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Storage fixes

e this issue ©
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Power [kW]

How much battery is useful (power applications)? 3
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A good approximation for battery
sizing for power applications
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With a discharge rate of 2C

PV ramp rate
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Field test
Cobija, BO — Impressions
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22.000 Modules 20 Strings 24/7 Operation  10.500.000 l/year”



Power [kW]
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Use of the energy storage (Ramp rate & reserve) =
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Performance ‘g

June 2015 to June 2016
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Typ. 60% - 70%,
1 131 kWh/kWp (66,5%) Iryrgdiation: 1701 KWh/kWp

PV System Yield (Performance Ratio)

Production Factor (non-curtailed state) 80,28% 88% of time

= Solar Fraction (daytime) 12.40% (25.6%) o bond

Equivalent cycles battery 190,6 MWh (0,53 C/day) <1C/day

Fuel savings 1516 000 | (@0,2681/kWh)
Average genset loading daytime (night) 59,8% (63,3%) >50% typ. required
Average Online-Genset-Power (daytime) 118% P yaq
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> Power trimmed storage (ES) provides the largeste cost/benefit leverage

> Large storage provides a further optimization point but require large changes in
technology and operation

80% 0,260

The economical optimum depends on fuel
price, investment costs and load profile!
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Storage is no loriger the main issue..

g - / /
T : / '
PV-Biesel-Hybrid-systems: ng/rnucrage S useflArf. A. Notholt/- PV D - Halle - 24110..2017




= Hochschule Reutlingen
Bt Reutlingen University

Showcase Sint Eustatius
First projects with industrial grid-forming

Load ~1,7 MW

Diesel Gensets 3,3 MW
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Conclusions
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Sorry, what was the questiol

T
-

%'
M)

Spinning reserve 50% P, minimum 1 genset size, 2C

Ramp rate control 50% P, 2C

= Energy shifting / economic P large enough to store curtailed power,

operation minimum 50% P, and capacity enough to
store all surplus energy of the average

production
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THEnergy bestatigt hohe
Performance einer
Photovoltaik-Batterie-Diesel-

Hybrldanlage von SMA Sun- 2 Parameter Forecast Measurement | Relative

. (21.09.2015) | (28.03.2016- | values
belt 27.03.2017)

Das auf der Karibikinsel installierte System soll erweitert Total load [MWh] 13 697 13087 4.5% less
werden. Der Energieversorger Stuco will danach Fuel savings [liter] 822 733 812887 1.2% less
zumindest an sonnigen Tagen komplett auf die : Rel. fuel savings [I/MWh] 60.1 62.1 3.4% more
Dieselgeneratoren verzichten. S -

Renewable energy fraction [%)] 23% 23.89% 3.8% more
6.JULI 2017 SANDRA ENKHARDT Performance ratio of the PV system [%] 82% >82% 0%

Irradiati kWh/m? 2124 2021 4.9% less
Eradaion [kl o1l A
Energy produced by PV system [MWh] 3200 3126 2,3% less

Curtailed PV energy [MWh] / [%] 216 / 6.45%
Battery energy throughput [MWh] 149 148 0.7% less
Diesel generator [MWh] 10 467 10007 4.4% less

Battery capacity /state of health [kWh] / [%] 547/95.6 565 /98.7 3.2% more
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Off-Grid Hybrids vs. Minigr
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Projektziele

Erh6hung des maoglichen
solaren Deckungsanteils
(deutlich Uber 25%)

Erhebliche Reduktion des
Dieseltreibstoffverbrauchs
durch Photovoltaik

Kostengunstiges und erprobtes
Baukastensystem fur flexible,
wirtschaftliche Systemldsungen

Erhéhung der
i Zuverlassigkeit
- ——und Robustheit




Conclusions
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