Energy Yield vs. System Longevity: An Innovative Algorithm for
Single-Axis Solar Trackers in a Curtailment-Prone Landscape

Asia Pacific Solar Research Conference, Sydney, Australia 379-5" December 2024

Z. Haydous, P. Hamer, M. Kim, N. Chang, S. Poddar, B. Hoex

School of Photovoltaic and Renewable Energy Engineering, University of New South Wales, Sydney, Australia




Setting the Stage: Challenges in Solar PV Landscape
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Setting the Stage: Challenges in Solar PV Landscape
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Setting the Stage: Challenges in Solar PV Landscape

Inverter Clipping: output reduction driven by DC/AC ratios >1

Area is the energy
lost due to inverter

clippin
/ PPINg inverter clips excess energy

— Theoretical Output
— Inverter Output %
---------------- ; ------T---><

Inverter
Capacity

/ "

Time of the Day

clipped energy (unused) is
dissipated as heat

Uo

Power (MW)

module temperature increases due
to accumulated heat

YYYYY



Setting the Stage: Challenges in Solar PV Landscape

Network Curtailment: intentional reduction of energy generation to prevent grid overload

Economic Curtailment: output reduction by plant due to negative spot pricing
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Setting the Stage: Challenges in Solar PV Landscape

Network Curtailment: intentional reduction of energy generation to prevent grid overload

Economic Curtailment: output reduction by plant due to negative spot pricing
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Case Study

Bannerton, Victoria @ ® Glenrowan, Victoria
Latitude: 34.68°S Latitude: 36.28°S
Longitude: 142.84°E h Longitude: 146.14°E
Climate: Temperate Climate: Temperate

Annual Solar Irradiance

> Annual Solar Irradiance ™ 1768 KWh/m?

1949 kWh/m?

> Temperature

> Temperature 0-37°C (14.8 °C)

0-42°C (17.6 °C)

. Glenrowan, l\ Wlnd Speed

b Wind speed o 0.1-8.5m/s (2.6 m/s)

0.1-11.1m/s (3.6 m/s)

. o el > Relative Humidity

> Relative Humidity 17.4 - 99.5 % (73%)

6.7 - 99.5 % (61%)
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Case Study

DC/AC ratio=1.3
Curtailment (AEMO, 2023)

Bannerton: Annual Curtailment = 395.7 GWh
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DC/AC ratio=1.3 oct e " Moo
Curtailment (AEMO, 2023) '

Feb
80

40

Apr

Bannerton: Annual Curtailment = 395.7 GWh 20

Aug May

m Annual Curtailment = 315.8 GWh Jul Jun 0

Bmm Dispatched Bl Curtailed

Monthly Curtailment Percentage

700 300 mmm Dispatched ~ mmM Curtailed.
6001 =
2
— 500 1
= @ 200
= 4001 2
— o
g 300+ )
D 8 100
2 200- B
~
100 <
0- 0 ;
14 Sep 15 Sep 16 Sep 17 Sep




Thermal Modelling under Clipping and Curtailment

radiative heat exchange
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Thermal Modelling under Clipping and Curtailment

Temperature Simulations in Glenrowan
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Thermal Modelling under Clipping and Curtailment

Temperature Simulations in Glenrowan
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Thermal Modelling under Clipping and Curtailment

Thermal Degradation UV Degradation
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Objective

Usual Tracking Algorithm:

o Solar Azimuth Tracking
o Backtracking

Single-axis
tracking on a
Horizontal axis




Objective

Usual Tracking Algorithm:

o Solar Azimuth Tracking
o Backtracking

Single-axis
tracking on a
Horizontal axis

Proposed Tracking Algorithm:

L 4
| Maintain Same Energy Export | a

AND -

| Reduce Temperature of Modules |

T0O | Minimize Thermal and UV Degradation |
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Modification of the Single — Axis Tracking Algorithm

T, =T, +
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Modification of the Single — Axis Tracking Algorithm
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ReSUltS —— Usual Tracking ~ —— Proposed Tracking

Temperature in Glenrowan
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Results

Thermal and UV Degradation in Glenrowan Usual Tracking Proposed Tracking
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BANNERTON,
Under curtailment

Conclusion

GLENROWAN (BANNERTON)
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