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Nearly 100 Years of Pyranometer Innovation:
Reducing Uncertainty, Increasing Confidence

Accurate irradiance data is the invisible thread connecting performance to profit

Metric PR 80% PR 76% Discounted yearly gross revenues for 2 different PR values
Irradiance data is not just a technical metric - it's the foundation of trust, accountability, and profitability across A A0
the solar value chain. From the moment sunlight hits a pyranometer, the data it generates influences: Annual Revenue $768,000 $729,600 $1,800,000
'1{" 51,600,000
« Performance guarantees for EPCs and O&M providers 30-Year Revenue $34.2M 5 51,400,000
* Revenue forecasts for developers and owners Difference $1.8M loss e |
o 51,000,000
e Risk assessments for financiers and investors J—— i ;
+ Grid planning for utilities Performance Ratio is the bridge between E $600,000 |
. o irradiance data and financial outcomes. A 4% 3 5400,000
* Operational decisions for SCADA and asset managers , o o _ ——
error in PR isn't just a technical issue - for this 64 :
. L
When irradiance data is wrong, everything downstream is distorted—performance ratios, financial models, MW site it's a $1.8M problem. We use $/MWh 1234567 8 9101112131415161718192021222324 252627 282930

and even legal outcomes. Accuracy matters! from [8] and sun hours from [9].

‘Sources of Pyranometer Error:

Not All Errors Are Created Equal - But Most Can Be Managed. A dozen sources of error that increase the uncertainty
of irradiance measurements, and therefore Performance Ratio calculations, are presented here.

Reduced via Design Innovation (Manufacturer) Reduced by Proper Installation & Maintenance (User)

Precision by design - because 3% uncertainty is no longer good enough User errors often exce.ec.l sensor errors. But with the right tools
and training, they're preventable.
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ISO 9060:2018 defines three tiers of pyranometer quality, but we built a fourth, the

SMP22. With nearly 100 years in pyranometer innovation at Kipp & Zonen, many
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Figure 2: Over nearly 100 years, Kipp & Zonen has reduced uncertainty from over 6% to just over 1%. no directional error during calibration
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The following graphs quantify the worst-case error for Kipp & Zonen Class C, B and A sensors. The largest sources of error directional response,

temperature response and calibration uncertainty as well as the smaller sources are improved through material quality,

double domes or layered optics, larger sensor mass, and many production technique advancements.
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Figure 3, 4, 5, 6: Stacked uncertainty charts showing the difference in uncertainty in Class C, B and A pyranometers throughout a clear-sky day for POA irradiance.

Let’s talk about how we can help you
reduce uncertainty and increase value!

Contact Us Now

Time [year]

Pyranometer Placement

In recent years, there has been renewed attention on a subtle yet
impactful source of error in PV performance analysis: the placement
of POA and rPOA pyranometers within a site. A simulation and field
validation study conducted in San Angelo, Texas, revealed that sensor
placement can lead to irradiance measurement differences of up to
7.6% between the lowest and highest irradiance locations. Sensors
mounted at the center-of-module, in the interior of the center row of
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Figure 1:
Financial impact of a PV site
with a different in PR of 4%.

the array (which represent 98% of the modules on site) recorded
irradiance values approximately 2% lower than those placed at
edge-of-array positions. These differences are significant enough
to affect performance ratio calculations and, by extension, site
valuation. Make sure to consider what analyses and models are
being used when you decide where to place the sensor as some
performance models has specific placement considerations.
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After choosing the right location, ensuring a sensor is installed pointing in the correct direction (e.g. level for Global Horizontal Irradiance)

is critical during installation. Verifying it remains pointing in the desired d

irection is a key maintenance item, as well as keeping the dome

free from soiling, dew and frost that all negatively impact irradiance measurements.
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The following graphs quantify the worst-case error for Kipp & Zonen Class C, B and A sensors. The largest sources of error directional response,

temperature response and calibration uncertainty as well as the smaller sources are improved through material quality, double domes or layered

optics, larger sensor mass, and many production technique advancements.
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Accuracy is a shared responsibility:

We've minimized design errors; now it's up to the field teams to minimize user
and environmental ones.

Data quality drives value:

From PR calculations to financial modeling, every stakeholder benefits from
better irradiance data.

Improving measurement uncertainty directly improves PR% uncertainty:

Calculated energy (G, ) is directly proportional to measured energy (P_ ., ,)
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