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Industry-Wide Solar Production Performance Gap Digital Twins for Performance Analysis of Operational Plants

In 2020, kWh Analytics reported a performance gap of 6.3%. Physics-based digital twin models of solar plants are used to generate an expectation for power,
When compared to industry-wide modeled estimates, UL current and voltage output using on-site insolation/weather data and compared against measured
Solutions also identified a gap of about 6% in weather- outputs at inverters, utilizing data extracted from SCADA systems.

corrected performance. Algorithmic curation of data quality issues, including validation and repair, is critical. Losses are

algorithmically identified and quantified with a defined hierarchy.
Addressable Operational Underperformance

UL Solutions estimates that 3-4% of energy lost to addressable
issues is recoverable as illustrated in the generic loss waterfall
below.

Plant design and location

Meter
: Solar and
1000, 100-0% — . . . and
- weather Digital twin .
. 0.3% g Inverter
3.5% 97.0% data

data

.08% mmm 93.5% l

90% I,DDD,DG’JET ,
° i =4 R 5 2 N Expected Power |
o - . B ro i
¢ ¢ £ & & 5§ &£ §&§ ¥ & &£ & & 600,000 - |
f & & ° & F oo & ST 5 58 g |
S & g g ¢ F & §F 3 5 400,000} Actual Power |
& & F & £ = EF' |
5\ A3 ®° | !
S & 200,000 - |
Case Study i |
. - o - ] l |
Performance analysis using a digital twin identified addressable SR voltaga ve Expacted . |
causes of underperformance including loss due to shading ﬁ T |
during the retro-tracking period. s M | — |
il t .
0.8 |
> Current vs Expected |
100% 100-00% o 0.00°% g {],EE_— |
112%  -0.64% 017%  -0.71% O | |
90% < ﬂ,4§'- :
80% 0t |
[ !
70% _ 40+ i
. 3 i' Curtailment |
0 = 30+ |
50% fn,., I
4 a0 |
40% b otas
> s. Soiling |
30% b |
Ll
20% :
10% .
0% N
) 9 ) v
§ § & £ &£ & & & &£ - |
% § Ry 5 & 3 & @ S :
O S < F & S & 10080/ ~ Expected Power n -
g & ° & 3 | ; | V
Q S VC? 80,000
| Actual Power
Identified sources of underperformance E p—
5
Performance analysis using digital twin also validated the o |
|
|
l

operational remediation of the loss mechanism. 20,000, / /j \L
Ll 0

| Stalled Tracker Loss
%f Retro Tracking /V\

| Loss

L I 1 - I )
/"-_ 06/26/2019 06/27/2019 06/28/2019 06/29/2019

Tracker Losses [kWh]

Cumulative Retro-tracking Loss




		

