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• Performance testing is used to validate initial performance of PV 
plants needed for: 
• EPC contractual obligations and milestones
• Owner/operator performance/revenue expectations
• De-risking acquisitions for buyers and financing for lenders and tax 

equity partners

• Failed performance tests or delays in testing progress can trigger 
performance or schedule liquidated damages (LDs) or “make 
right” contract clauses

• Can be high-risk scenarios for EPCs

Performance Testing - Why

Performance Testing provides an opportunity to benchmark a PV 
plant’s optimum performance level
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Performance Testing - When

3 years

The last major task in the long solar EPC project 

Example L-1 solar EPC schedule

Substantial 
Completion 
Milestone

Performance 
Testing Window
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Performance Testing - Methods

ASTM 2848/2939-Based Capacity Testing

PVsyst Base 
Energy 
Model

Filter Data
Apply 

Temperature 
Correction

Least Squares 
Regression 

Line Fit

Solve for 
Power at RC 
POAI (W/m2)

Gather Data 
at Site

Filter Data
Apply 

Temperature 
Correction

Least Squares 
Regression 

Line Fit

Solve for 
Power at RC 
POAI (W/m2)

Target Capacity

Measured Capacity

Measured Capacity Ratio (MCR) = MC/TC > 97% (Guaranteed Capacity) 

ASTM 2848/2939 Capacity Testing is the dominant performance 
testing method employed in the US
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Performance Testing - Methods

ASTM 2848/2939-Based Capacity Testing

Common to see unique performance testing language with each project

Example Capacity Test Result 

TC

RTC
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Performance Testing - Methods

Performance Ratio Testing is the dominant performance testing 
method employed outside the US

Performance Ratio (PR) Testing

PVsyst Base 
Energy Model

Gather Data 
at Site

Filter Data

Calculate 
Measured 

Performance 
Ratio
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Early PV Plants
• Located on flat, dry land parcels in Western US
• Simple, homogeneous block design
• Far horizon shading and soiling losses were the 

biggest concerns

Modern PV Plants
• Built on hillsides, forests, extreme climates
• Complicated design layouts 

(varying ILRs, row pitch, mixed modules, etc.)
• High DC/AC ratios, complicated topography, near (tree) 

shading, etc.
• Smart SAT algorithms deployed (row-on-row & diffuse)

Performance Testing Challenges
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• Performance testing guidelines were 
developed for simple, sunny location PV plants

• Weather dependent 
• High DC/AC ratios limit data collection
• PVsyst base energy model heavily influences 

results
• PAN file caveats
• Demanding owners pushing for higher 

guarantee targets with less PVsyst padding
• EPCs struggle to achieve 100% availability by SC
• Have performed pre- and post-SC performance 

testing to demonstrate optimum PV plant 
status

Performance Testing Challenges 

Valid Data 
Collection Windows
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• Eastern US EPC solar Project XYZ

Performance Testing Challenges – Examples 

Complex project requiring a detailed near shading scene 
(imported into PVsyst from PVcase)
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• Eastern US EPC solar Project Y
• Tier 1 PV modules installed
• PVsyst base energy model used 

OEM module PAN files
• Received 3rd party tested PAN files 

from OEM after EPC contract signed
• Weather-corrected PR test planned 

for February 
• Triggered design changes to mitigate 

PR testing risk

Performance Testing Challenges – Examples 

Performance testing is challenging and not to be taken lightly

PVsyst Base Model 
(OEM PAN)

PVsyst Base Model 
(3rd Party PAN)

Annual (MWh) - -1.71%
Jan (MWh) - -3.68%
Feb (MWh) - -2.68%

Mar (MWh) - -1.50%
Apr (MWh) - -1.04%
May (MWh) - -1.09%
Jun (MWh) - -0.95%

Jul (MWh) - -0.97%

Aug (MWh) - -1.06%
Sep (MWh) - -1.62%
Oct (MWh) - -2.19%
Nov (MWh) - -3.28%
Dec (MWh) - -4.23%

Planned PR testing month 
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• The PAN file holds all definitions specific for a PV 
module in the PVsyst database 

• All PAN files should always be treated as suspect 
(never guaranteed)

• Have noted 1% - 4% drops in annual energy estimates 
when OEM and 3rd party PAN files are swapped 

• Recommend using trusted 3rd party testing labs (RETC, 
CFV, etc.) due to observed suspect Asia-region test 
results

• Always ask for the 3rd party PAN file test report for 
review

Performance Testing Challenges – PAN Files 

BV independently procures 3rd party PAN files for most solar EPC projects 

FOR ENTERTAINMENT PURPOSES ONLY!!!
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• PVsyst base energy model fed with onsite 
weather data

• Testing typically spans sunrise to sunset over 
2-4 weeks and is run between project 
substantial completion and final acceptance 
milestones

• Sometimes guided by IEC 61724-3 standards
• Provides a short term “real world” 

evaluation of a project’s PVsyst model

Short Term Energy Testing

Short term energy testing is becoming more popular and is often 
paired with Capacity/PR testing
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• Example 21-day energy test run at solar Project XYZ
• Standard hourly PVsyst modeling along with novel sub-hourly clipping 

(SHC) PVsyst modeling method results assessed
• SHC PVsyst modeling methodology:

• Ingest one minute resolution site SCADA data into PVsyst via minute specific 
Met files (all 5 minute past hour values into one Met file, all 6 minute past hour 
values into one Met file, etc.)

• Apply appropriate time shifts to all 60 Met files
• Batch process 60 PVsyst Met files and post-process time series output into 

hourly averaged results

• Hourly POAI bias corrected via input GHI (x 0.98) and no filtering 
applied to PVsyst results 

Short Term Energy Testing – Case Study
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Short Term Energy Testing – Case Study

Four days from the energy test – Clear sky to overcast conditions observed
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Short Term Energy Testing – Case Study

SHC energy results line up well with revenue meter energy observations
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• Test period saw clear site conditions half the time with partly 
cloudy to mostly cloudy conditions for the rest of the period

• 21-day energy test results:

• SHC PVsyst modeling results are noted to be more accurate than 
standard hourly PVsyst modeled results, especially during sub-
hourly clipping conditions

• Currently evaluating SHC PVsyst method at FSLR and bifacial PV 
projects with favorable results

Short Term Energy Testing – Case Study

Revenue Meter (MWh) Hourly PVsyst (MWh) SHC PVsyst (MWh) 
100% 98.2% 100.2%
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• Increasingly complicated EPC solar PV projects are accompanied by  
complicated and demanding performance testing obligations

• An accurate PVsyst base energy model is crucial to successful 
project performance and energy testing

• Trusted 3rd Party PVsyst PAN files are a necessity
• Engaging backtracking on First Solar PV projects can help shorten 

performance testing timeframes
• Energy testing is becoming a popular additional solar EPC project 

requirement 
• Sub-hourly clipping conditions can be handled explicitly in PVsyst 

via SHC PVsyst modeling methods for energy testing

Summary
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