@ Proximal Energy

Al-Powered Asset Management

Performance Modeling of Operating Assets

(sorry no Al in this presentation)
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A Journey Into the Underperformance
Iceberg



The Case Study @

e A ~300 MWac project

2 different tracker manufacturers
2 different module families

6 different module bins

5 different met stations

DC line losses at a combiner differ from another combiner by up to
2%
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Meter vs. Capacity

DIST-FE5D92

Power (kW)

00:00

Asset is 300 MWac
It is Winter
Peak output is ~259 MWac
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Meter vs. Capacity

Rel. to POA

DIST-FE5D92

Overview
o Peak POA: ~800 W/m*2
m (80% of STC)
DC
o Plant DC Capacity: ~402 MWdc
m Peak Output: ~259 MWac
m  ~64% of peak capacity
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The Surface

(You could do this in Excel)

Meter vs. Capacity h @ E
@

Rel. to POA
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Meter vs. Capacity

Rel. to POA

Meter Performance Index
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00:00

Asset is underperforming
o ~15%
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Meter vs. Capacity @ E

e (Could also use:
o Performance Ratio
Rel. to POA

o Temperature Corrected Performance Ratio
o Regression Model
(@)

ML Model
Meter Performance Index
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Meter vs. Capacity

Rel. to POA

Meter Performance Index

The Surface

Ratio -Pelagic Zone
(You probably want a
performance engineer with
specialized tools)
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Meter vs. Capacity @ E

e Allinverters on Day 1

o Some inverters clearly underperforming

Rel. to POA o What about 19?

Meter Performance Index

PCS OQutput Distribution

Inverter Comparison
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Meter vs. Capacity @ E

e When normalized to installed capacity, seems okay
e 3 underperforming inverters out of ~100 doesn’t

Rel. to POA explain 15% underperformance

Meter Performance Index
PCS Output Distribution
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Inverter Comparison
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Meter vs. Capacity

o

Meter Performance Index

Inverter Comparison

Combiner Comparison
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Current/Power (A/KW)
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Meter vs. Capacity

Rel. to POA

Meter Performance Index

Inverter Comparison

Combiner Comparison

DIST-FE5D92

combiners in the field matters!

O van Haaren, R. (2025). Unscrambling combiner box SCADA tags using
time series data. In Proceedings of the Photovoltaic Reliability Workshop
(PVRW) 2025.

Making sure that combiners in SCADA match @D

Original Post-Sacret-Swaps Corrected
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Meter vs. Capacity

Rel. to POA

Meter Performance Index

Inverter Comparison

Combiner Comparison
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The Surface

Ratio -Pelagic Zone

Meso -Relativity Zone
(Engineers and Al tools live here)



Meter vs. Capacity

Rel. to POA

Meter Performance Index

Inverter Comparison

Combiner Comparison

Device Performance
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> Ratio -Pelagic Zone

Meso -Relativity Zone

Abysso -Modeling Zone
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Yet Another Performance Model
Why?



N
1000s Many 100’s

s o SiRe reg. Met Data Stream Simul. SCADA
P Fields Interval station Filters N9 project

e Lots of streaming data
e Lots of bad data

Timestamp Device Value
8:01:07 Sensor A 7.3

8:01:09 Sensor A 8.3

8:02:33 Sensor B 100.78
8:05:47 Soiling Sensor 197% Soiled
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The Ideal Performance Model




Pre-construction



Post -construction



Many
Irreg. Met Data Auto

Interval station Filters Update

Sub Geo

minute spatial SCADA

36,000 performance model runs

(lots of computer memory)
(lots of time)
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Many

Sub Geo Irreg. Met Data Auto
minute spatial Interval stat?on Filters Update SCADA
A
C / Rust
Programming Java
Language
Speed
Python
Vectorization Multiprocessing SIMD

Programming Tricks / Algorithms
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1000s Many 100’s
Sub Geo | of DC Irreg. Met Data Auto Simul. SCADA
minute spatia Fields Interval station Filters Update project
A , !
|
'
!
e

Kevin Anderson
PV Atlas PVPMC
2024
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Compressor

Compress all of the inputs to only unique

DIST-FE5D92

variants (pd.factorize)

Decompressor

Fill non-unique variants with pvlib outputs
(pd.merge)

PVLIB Engine

Run pvlib on only those unique inputs



Model Chain
e Custom Model Chain

o Wrap each important

- function with a
compress/decompress

cycle

: - o docs.proximal.energy

I —

time '\ ambient_temperature
solar_constant=1360.8 latitude ; elevation
epoch_year=2014 : longitude
| altitude
L B i S
pvlib.irradiance pvlib.solarpasition |1 pvlib.atmosphere : 1
.get_extra_radiation .get_solarposition i1 .tdew_from_rh :: 'Mib':ltz R
SPENCER NREL_2008 1| MAGNUS_TETENS ! -altepres

1
| . *
solar_zenith
pressure
apparent_zenith .-_-’ temp_dew
use_delta_kt_prime=False,

', min_cos_zenith=0.065
max_zenith=87

pvlib.atmosphere pvlib.irradiance
.get_relative_airmass .dirint
KASTEN_YOUNG_1989 DIRINT
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Yet Another Performance Model
So what?
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(I am not good at draw
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Sub
minute

DIST-FE5D92

Irreg.
Interval

Data
Filters

Auto
Update

100’s
Simul.
project



Performance Index bY Module Famlly == 96.5% Module Family A === 91.0% Module Family B
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Avg. DC Performance by Combiner

DC Performance

A

6 @+ii¢ QR XA

- - '
9504 = Combiner
90%
85%
80%
[ ]
g o
.
7504 [ ] 'f L - ﬁ " s o o

Combiner # Module Bin B.2 ® Module Bin B.3 “  Module Bin A.2 ® Module Bin B.1 ©  Module Bin B.4
©  Module Bin A.3 ® Module Bin A.1




Thank you!

https://kurt -
rhee.gitbook.io/blog/writings/p
v/modeling -operating -pv-

@ Proximal Energy
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