
 

  

 

 

 

 

 

Software Validation 

OpenSolar Photovoltaic 
System Design Tool – 
Validation of Measurement 
Accuracy  
Report No.: R5594A-2 

Date: 29 October 2021 

 

 

  



 

 

PVEL: R5594A-2  Page ii 

   

 

IMPORTANT NOTICE AND DISCLAIMER 

1. This document is intended for the sole use of the Customer as detailed on the front page of this document to whom the document 
is addressed and who has entered into a written agreement with PVEL LLC (“PVEL”). To the extent permitted by law, PVEL assumes 
no responsibility whether in contract, tort (including without limitation negligence), or otherwise howsoever, to third parties (being 
persons other than the Customer), and PVEL shall not be liable for any loss or damage whatsoever suffered by virtue of any act, 
omission or default (whether arising by negligence or otherwise) by PVEL or any of its servants, subcontractors or agents. This 
document must be read in its entirety and is subject to any assumptions and qualifications expressed therein as well as in any other 
relevant communications in connection with it. This document may contain detailed technical data which is intended for use only by 
persons possessing requisite expertise in its subject matter.  

 

2. This document is protected by copyright and may only be reproduced and circulated in accordance with the Document 
Classification and associated conditions stipulated or referred to in this document and/or in PVEL’s written agreement with the 
Customer. No part of this document may be disclosed in any public offering memorandum, prospectus or stock exchange listing, 
circular or announcement without the express and prior written consent of PVEL. A Document Classification permitting the 
Customer to redistribute this document shall not thereby imply that PVEL has any liability to any recipient other than the 
Customer. 

 

3. This document has been produced from information relating to dates and periods referred to in this document. This document 
does not imply that any information is not subject to change. Except and to the extent that checking or verification of information 
or data is expressly agreed within the written scope of its services, PVEL shall not be responsible in any way in connection with 
erroneous information or data provided to it by the Customer or any third party, or for the effects of any such erroneous 
information or data whether or not contained or referred to in this document.  

 

4. Any energy forecasts, estimates or predictions are subject to factors not all of which are within the scope of the probability and 
uncertainties contained or referred to in this document and nothing in this document guarantees any particular energy output. 

 

KEY TO DOCUMENT CLASSIFICATION 

Strictly Confidential : 
For disclosure only to named individuals within the Customer’s 

organization. 

Private and Confidential : 
For disclosure only to individuals directly concerned with the subject 

matter of the document within the Customer’s organization. 

Commercial in Confidence : Not to be disclosed outside the Customer’s organization. 

PVEL only : Not to be disclosed to non-PVEL staff. 

Customer’s Discretion : 
Distribution for information only at the discretion of the Customer (subject 

to the above Important Notice and Disclaimer and the terms of PVEL’ 

written agreement with the Customer). 

Published : 
Available for information only to the general public (subject to the above 

Important Notice and Disclaimer). 
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List of abbreviations 
 

Abbreviation Meaning 

3D Three-dimensional 

DSM Digital surface model; 3D data set capturing the location and elevation of surface features 
including terrain, structures, and vegetation. 

PV Photovoltaic 

PVEL PVEL LLC 
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1 Executive Summary 
OpenSolar USA, Inc. (“OpenSolar”) engaged PVEL LLC (“PVEL”) to validate the measurement accuracy of the 
OpenSolar software application (the “Application”).  The Application enables users to design and simulate annual 
energy production for residential and small commercial-scale solar photovoltaic (“PV”) systems.  The Application 
uses digital surface model (“DSM”) data, where available, to determine the pitch, scale, and orientation of rooftop 
mounting surfaces and to build three-dimensional (“3D”) shading models for energy production estimation 
purposes.  To validate the Application’s measurement accuracy, PVEL has compared on-site measurements of 
20 residential rooftops to the Application’s remote estimates of roof dimension and slope.  Based on its 
independent analysis of these measurements, PVEL has made the following conclusions: 

• Out of 46 remote horizontal distance measurements, all 46 (100%) agreed with the corresponding on-
site measurements to with 11/3 ft (16 in), and 95% of horizontal distance measurements had an absolute 
error of 0.9 ft or less; 

• Out of 67 remote roof slope measurements on roof facets greater than 10 m2 (108 ft2) in area, 65 (97.0%) 
agreed with the corresponding on-site measurements within 4°, and 95% of slope measurements had an 
absolute error of 2.7° or less; and 

• This validation study has demonstrated that the Application is capable of generally meeting OpenSolar’s 
advertised tolerances of 11/3 ft for horizontal distance measurements and 4° for slope measurements of 
roof facets greater than 10 m2 in area, provided the remote measurements are made according to 
OpenSolar’s specified best practices. 

 

2 Remote Measurement Validation 
 Methodology 

The Application’s 3D model leverages DSM data to enable measurements of roof dimensions and orientations.  
The accuracy of these measurements underpins the feasibility of system designs created in the Application and 
impacts the associated energy production estimates.  To evaluate the accuracy of the Application’s distance and 
slope measurements, PVEL has made physical roof measurements of 20 residences in the San Francisco Bay 
Area and compared these on-site measurements to remote measurements made using the Application. 

2.1.1. Physical Measurements 
At each residence, PVEL’s site measurement team collected angle measurements of all readily accessible sloped 
roof surfaces and distance measurements of all accessible horizontal ridgelines and gutters. Distance 
measurements were made using a 100 ft reel tape measure with markings down to the 1/8 inch, and slope 
measurements were made using a four-foot digital level electronic level with a manufacturer-stated angle 
accuracy of 0.1°.  For each residence visited, PVEL’s site measurement team provided its modeling team with 
annotated satellite imagery showing the locations of on-site distance and slope measurements.  An example 
annotated image is shown in Figure 2-1. 
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Figure 2-1: PVEL annotated satellite image of a sample roof in the study.  Numbered yellow lines indicate distance 

measurements; A1, A2, B1, and B2 denote slope measurements.  Imagery source: Google Earth. 

 

2.1.2. Remote Measurements 
PVEL’s modeling team then used the Application to replicate the physical on-site measurements. Within the 
Application’s 3D modeling mode, PVEL used the node placement drawing tool to measure distances and placed 
PV modules on roof facets to measure roof slopes. Per OpenSolar’s recommended best practices, PVEL placed 
the center of each node marker on the desired point and viewed the node position from multiple orientations to 
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ensure accurate placement. Similarly, when positioning PV modules in the Application for slope measurements, 
PVEL avoided encroaching on roof facet boundaries and obstructions such as chimneys and vents.  For roofs 
with an existing solar array, PVEL placed the simulated PV modules only directly atop the existing array area, 
except when modules could be placed so as to avoid the existing PV system entirely. OpenSolar then checked 
PVEL’s remote measurements to ensure that PVEL had not made any obvious errors. Neither OpenSolar nor the 
PVEL personnel making the remote measurements viewed the physical measurement results until after the 
remote measurements were finalized. 

After PVEL and OpenSolar agreed upon final remote measurements, PVEL compared the remote measurements 
to the on-site measurements. The final comparison data set included 67 slope measurements and 46 horizontal 
distance measurements. All slope measurements were made on roof facets greater than 10 m2 (108 ft2) in area. 

 Results and Discussion 
Tables 2-1 and 2-2 summarize the results of the measurement validation study. For both slope and horizontal 
distance, the average absolute error and median absolute error fell well within OpenSolar’s specified tolerances.  
All 46 distance measurements agreed within 11/3 ft. Of the 67 slope measurements, 65 measurements (97.0%) 
agreed within 4°.  In percentile terms, 95% of the distance measurements had errors of no more than 0.9 ft, and 
95% of the slope measurements had errors of no more than 2.7°. Based on these comparisons, PVEL has 
concluded that the Application generally meets OpenSolar’s advertised tolerances. 

Table 2-1: Absolute measurement error between the OpenSolar Application’s remote measurements and PVEL’s 
on-site measurements.  95% of measurements have absolute errors less than or equal to the 95th percentile error. 

Measurement 
Average
Absolute 

Error 

Maximum 
Absolute 

Error 

Median 
Absolute 

Error 

95th 
Percentile 

Error 
Slope (°) 1.0 10.4 0.5 2.7 

Distance (ft) 0.4 1.3 0.4 0.9 
 

Table 2-2: Compliance of the OpenSolar Application’s measurements with OpenSolar’s stated measurement 
tolerance. 

Measurement Tolerance # Values Compliant 
Values % Compliant 

Slope (°) 4° 67 65 97.0% 
Distance (ft) 1 1/3 ft 46 46 100.0% 

 

The two outlying slope measurements had absolute errors of 6.3° and 10.4°. For the latter roof facet, the 
underlying DSM model had obvious issues beyond the control of OpenSolar. OpenSolar has stated that they 
are investigating means for detecting such DSM issues and alerting users when measurements may have 
higher than normal uncertainty. 

 

 

 



  

 
 

 

 

About PVEL 
PVEL is the leading reliability and performance testing lab for downstream solar project developers, financiers, 
and asset owners and operators around the world. With nearly ten years of experience and accumulated data, 
PVEL conducts testing that demonstrates solar technology bankability. Its trusted, independent reports replace 
assumptions about solar equipment performance with quantifiable metrics that enable efficient solar project 
financing and development. The PVEL network connects all major PV and storage manufacturers with 300+ 
global downstream partners representing 30+ gigawatts of buying power. PVEL’s mission is to support the 
worldwide PV downstream buyer community by generating data that accelerates adoption of solar technology. 


	Table of Contents
	List of abbreviations
	1 Executive Summary
	2 Remote Measurement Validation
	2.1. Methodology
	2.1.1. Physical Measurements
	2.1.2. Remote Measurements

	2.2. Results and Discussion


