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Investors pay for PV modules which have been successfully qualified to IEC 61215, which specifies the requirements for measurement of power under Standard Testing Conditions (STC:
25°C module temperature, irradiance at 1000 W/m² with an AM1.5 spectrum). Since the 2016 edition, IEC 61215-1 discusses the importance of the production tolerance of the
manufacturer, and the laboratory measurement uncertainty to see if a module’s power is within specification, or not. The IEC 61215-1:2021 edition goes further: it specifies clearly the
interpretation of datasheets and module labels, and reduces the potential for ambiguity. SUPSI’s PVLAB is ISO17025 accredited for PV module measurements, achieving a PSTC
uncertainty of ±1.1% (k=2) within the METRO-PV project. In this work, we show the importance of lower uncertainty to reduce PV financial risks for investors.

Understanding the standard over time: necessary for module warranties!
IEC edition Equation Interpretation

61215: 2005 [1] 𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆,𝑙𝑙𝑙𝑙𝑙𝑙 ≥ 𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆,𝑁𝑁𝑁𝑁 ∗ 1− 𝑡𝑡1 Not specified in IEC 61215, instead in EN 50380

61215-1:2016 
[2] 𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆,𝑙𝑙𝑙𝑙𝑙𝑙 ≥ 𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆,𝑁𝑁𝑁𝑁 ∗

1− 𝑡𝑡1
1 + u𝑙𝑙𝑙𝑙𝑙𝑙

First introduction of gate No 1: PSTC as measured had to be greater than nameplate, including minimum PSTC
production tolerance t1 and laboratory uncertainty 𝒖𝒖𝒍𝒍𝒍𝒍𝒍𝒍

61215-1: 2021 
[3] 𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆,𝑙𝑙𝑙𝑙𝑙𝑙 ≥ 𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆,𝑁𝑁𝑁𝑁 ∗

1 − 𝑡𝑡1

1 + 1.65
2 ∗ u𝑙𝑙𝑙𝑙𝑙𝑙

Slightly tighter (~0.5%) threshold than 2016. Explicit examples to deal with ambiguities; skew against 
manufacturer: when in doubt, use smallest tolerance t1 = 0.

Time is money, and check warranty documents
In this example, a low uncertainty lab definitively detects degradation 3
years earlier than the higher uncertainty measurement. In year 9, the
module is still within specification (due to production tolerance and lab
uncertainty). Payout is ΔPwarranty between warranty curve and measured
value, at a point in time.
For 𝑢𝑢𝑙𝑙𝑙𝑙𝑙𝑙 = 1.1% in year 15: ΔPwarranty = 2.5% of PNP
For 𝑢𝑢𝑙𝑙𝑙𝑙𝑙𝑙 = 2.7% in year 15: ΔPwarranty = 0.8% of PNP
Time value of money: measuring earlier in life has much greater value
(monetary payout is higher, and information to take action). A warranty
payout is with today’s module prices, not the initial prices! Check the
manufacturer’s tolerance: is it 0% (or 0 W), or -3%?

Scenario 2: Nameplate deviation at beginning of life

u (k=2) [4] Where Requirements Use

±1.1% ISO17025 
accredited lab

Needs spectral mismatch 
correction, calibrated sensor 
traceability to primary 
standards

Warranty claims, module 
acceptance, “golden module” 
calibration for manufacturers, 
PSTC verification

±2.5-3% Standard lab Calibrated sensors, 
traceable to ISO17025 
references

Module lot acceptance, 
understanding behaviour and 
degradation, PSTC verification 

±3.5-5% Field with I-V 
tracer, string 
or module

High-quality calibrated 
sensors, stable weather 
conditions or mobile flasher

Understanding behaviour in the 
field, sometimes module lot 
acceptance (higher risk!)

𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷 = 𝑷𝑷𝑵𝑵𝑵𝑵(𝑾𝑾) ∗ 𝚫𝚫𝑷𝑷𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘(%) ∗ �𝑪𝑪𝑪𝑪𝑪𝑪
𝑾𝑾 𝒏𝒏𝒏𝒏𝒏𝒏

∗ 𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀 𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝒚𝒚𝒚𝒚𝒚𝒚𝒚𝒚𝒚𝒚

Trust, but verify
SUPSI PVLAB measurements since 2010 show a decline in PSTC for
new modules, with median deviations -3% to -4.5% in recent years.
This is a permanent yield and revenue loss over the full lifetime of
the PV system. Only when measuring before installation can the
power warranty claim provide its best value.

Example from IEC 61215-1:2021 [3]

Take-home messages
• Check module warranty documents in detail: production tolerances and lab uncertainties can make or break a power warranty claim. 
• Trust, but verify: measuring PSTC before acceptance and installation in the field ensures you get what you paid for. Once modules are 

installed, the first-year power loss (-1% to-3%) is triggered.
• Time is money: Measure and act sooner rather than later. You lower financial risks and increase payouts when you test earlier in life.
• Monitor system performance with irradiance and temperature sensors, ideally meeting IEC 61724-1:2021 [5]. 

Lower uncertainty: a key tool to reduce PV financial risks
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