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The Regional Test Center Program
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Objectives Are To:

Create a robust, impartial and technically exacting R&D program that supports US 
technological leadership in solar energy 

Develop an extensible platform of multiple R&D sites, with equivalent infrastructure and 
instrumentation, to measure and understand the performance of new solar technologies in 
different climates

Assist manufacturers in demonstrating the bankability of their products (manufacturers 
gain high-fidelity, multi-climate performance data and analysis reports authored by the 
national labs)

Give companies access to the expertise and engineering capabilities of the national labs 
to support product development

Support local, regional and national education and research needs

PV technology must be predictable to be “bankable” – investors need to 
know how systems will function in across environments and climates. 



Achieving the Vision: Equal but Different
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Four-Pronged Success Strategy
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• Secure sites

• Identical Infrastructures

• World-class meteorological instrumentation

• High-fidelity data monitoring

• Daily data review

• O&M protocols

• Data-protection protocols

• Exacting calibration

• Boilerplate data-acquisition systems

• Fast-track installation racking

• Publicly available, non-proprietary R&D data

• National resource for PV performance data



The RTCs Have World-Class Infrastructure… 
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1. RTC Meteorological Station

Irradiance: DHI Eppley 8-48

Irradiance: GHI Kipp & Zonen CMP 22

Irradiance: DNI normal Kipp & Zonen CHP 1

Spectral sensor* Black photon BPI-IT1

GPS solar tracker w/ 
shading ball

Kipp & Zonen SOLYS 2

Barometric pressure Vaisala CS106

Wind speed and direction RM Young 03002-L

Relative humidity and 
temp

Vaisala HMP60-L

Rain gauge** Met One Instruments 375

2. RTC Soiling Station 

10 mini-modules
Tilt angles: 0 – 45 degrees
Half of each is cleaned 2X/week

2. Baseline, or Reference, PV Array

6kW c-si mono
270W Suniva modules

POA irradiance: 
EETS reference cells
CMP-11 pyranometer

Thermocouples
DC current shunts
DC voltage dividers

4. Vermont Snow Station

3 modules: 
45, 30, 15 degrees

4 modules: 
0, 15, 30, 45 degrees

Camera
Short-circuit current

* NV RTC only
** Heated in VT, NM, FL



…And an Exacting Approach to Validation

1. Validation Plan and System Design

• Technical objectives, length 
of study, roles & responsibilities

2. Module Characterization 

• Flash testing for Voc, Isc, FF, Pmax, 
Vmax, efficiency 

• Imaging: IR, EL, optical

• Performance coefficients

3. High-Fidelity Performance Data

• DC voltage: resistive voltage 
divider with accuracy of 0.1%. 

• DC current: Empro current shunts, 
with accuracy of 0.1%.

• Solar cell temperatures – Omega 
Type-T thermocouples

• POA irradiance – Kipp & Zonen CMP-11

• PV reference cell -- EETS

• Custom data: tracking monitors, 
albedometers, AC data

• Data collected at ~ 5 seconds; averaged

at one-minute intervals

4. Performance Analysis

• MATLAB scripts automate 
performance analyses

• Daily data review
• Twice yearly performance reports 

to partners

5. O&M Protocols

• Sensor cleaning and calibration (2x/wk)
• Annual IV curves



The RTCs Support Diverse Technologies

Photovoltaic Cell Types

 Mono-Si, Poly-Si
 PERC, IBC, HIT

 “Shingled” mono and multi Si

 CIGS (discrete and monolithic)

 CPV (HighX)

Module Types

 Bifacial

 Multiple back-sheet types

 Framed and frameless modules

Other Products

 Thermocouples

 Meteorological stations

 Installation studies
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Mounting Types
• Fixed-tilt
• Single-axis tracker
• Dual-axis tracker

Tilt Angles
• 10˚, 15˚, 30˚, 35˚, 90˚

Module Orientations
• South
• West
• Vertical– EW and NS

~21 technology companies
~42 distinct technologies
>50 PV systems
>550 kW capacity



8

• Multi-climate field studies

• High-fidelity performance and 
meteorological data

• Performance analysis by the national 
labs

• Bankability/technological validation in 
the form of Sandia-published reports

• Product development: access to lab
capabilities and expertise

The RTCs Meet Industry Needs

VT FL

SANDIA REPORT
SAND2017-0957
Unl imited Release
January 2017

Performance Comparison of Stion CIGS Modules
to Baseline Monocrystalline Modules at the New
Mexico, Florida, and Vermont Regional Test
Centers: January 2015-December 2016

Matthew Lave, Joshua S. Stei n, Laurie Burnham

Pre pared by
Sandia National Lab oratories

Albuquer que, New Mexico 87185 and Livermo re, California 94550

Sandia National Labo ratories is a multi- mission labo ratory manag ed and oper ated by Sandia  Cor poration,
a wh o lly o wned subsidiary o f Lockheed Martin Cor poration, for  the U .S.  Depar tment of E nergy's
Nat io nal Nuclear Security A dministration unde r contract DE -AC 04-94A L85000.

Appr oved for public r ele ase; further dissemination unlimited.

SANDIA REPORT
SAND2016-9253
Unlimited Release

Pri nted Month and Year

Performance Results for the Prism Solar 
Installation at the New Mexico Regional Test
Center: Field Data from February 15 - August 15,
2016

Matthew Lave, Joshua S. Stein, Lauri e Burnham

P repared by
S andia National Labor atories
A lb uquerque, New Mexico 8 7185 and Liver more, Californ ia 94550

S andia National Labor atories is a mult i- mission laborator y managed an d operat ed by Sandia Co rporation,
a wholly owned subsidiary of Lockheed Mar tin Co rporation , for th e U. S. Depart ment of E nergy's
National Nuclear S ecurity A dministration un der contr act DE-A C0 4-94A L85000.

A pproved for public release; further dissemination unlimited.

SANDIA REPORT
SAND2016-9253
Unl imited Rel ease
Printed Month and Year

Performance Results for the Prism Solar 
Installation at the New Mexico Regional Test
Center: Field Data from February 15 - August 15,
2016

Matthew Lave, Joshua S. Stein, Laurie Burnham

Pr epared by
Sandia N ational Laboratories
Albuquerque, New Mexico 87185 and Liver more, C alif ornia 94550

Sandia N ational Laboratories is a multi-mission labor atory managed and operated byS andia Cor poration,
a wholly ow ned subsidiar yof Lockheed Mar tin Cor por ation, for the U .S.  Departm ent of Energy's
Nat ional N uclear Secur it yA dministr ation under contract D E-A C04- 94AL85000.

Appr oved f or public release; further dissemination unlimit ed.

OFFICIAL USE ONLY

OFFICIAL USE ONLY

SANDIA REPORT
SAND2016-10862
Offi cial Use Onl y • Norwich T echnologies Proprietary Information
Printed October 2016

Installation Analysis of the Norwich EZ-PV Residential
Rooftop System at the US DOE Vermont Regional Test 
Center:

A Time-Observation Study with Recommendations for
Improvement

Laurie Burnham and Ray Shankles

P repare d by
S andia N ational Laborator ies
A lbuquerque, N ew Mexico 87185 and Livermor e, Califor nia 94550

S andia N ational Laborator ies is a multi-pr ogram labor atory managed and operated by S andia Cor poration,
a wholly ow ned subsidiar y of Lockheed Martin C orpor ation, for the U.S . Dep artment of E nergy's
N ational N uclear Secur it yA dministration under contract D E-A C04- 94AL85000.

OFFICIA L USE O NLY

May be exempt from public release und er the Fr eedom of
Information A ct  (5 U .S.C . 552), e xe mptio n number and
cate gory: C ommercial/Prop rietary.

Depar tment of En ergy review  required befo re public release.

Name/Org: Laurie B urnham/6112       Dat e: Octob er 25, 2016

Guidance ( if applicab le) : XXXXXXXXXXXXXXXXXXXXXX

R EN EW AB LE NRG SY ST EMS P ROP RIE TA RY IN FORMA TION

T h ist echnical data cont ainsR enew able N RG S ystems P roprietar y Information,
fu rnished under agr eement no.11194 be tween S andia N ational Laborator ies a nd
R enew able NRG Systems for the controlled release of the information.
D isclosur e outside the Government is not a uthorized w ith out prior appr oval of
th e originator, or in accordance w it h provisio n sof 48 CF R 952. 227 and 5 U .S.C .
552.



The RTCs Provide Other Benefits to the US

 R&D Data 
The RTCs support a national data repository, making near-real-time and high-quality 
data from the weather stations and non-proprietary PV arrays available to the public

 Technical Assistance
States, towns and electric utilities seeking to better understand PV have sought data 
and technical advice from the RTC program

 Workforce Training and Education 
Sandia’s technical experts work closely with installers and students at the 
RTCs, teaching them about performance monitoring, new module technologies and 
stateof-the-art O&M
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Partners and Technologies at One or 
More RTC Sites

Project Company/partner Tech Types NM CO FL NV VT

RTC Heliovolt (out of business) 1 D D O

RTC Stion 2 O O O O

RTC Suniva 1 O O O O O

RTC Maxim 3 O D O

RTC SunPower (Bifi) 4 O O

RTC SunPower (P-Series) 1 O I I

RTC Solar City 4 O O I I O

RTC SolarWorld 4 O O I I O

RTC Soitec (not in CPV anymore) 1 O O

RTC Prism Solar 2 O O O O

RTC ENKI 3 O O

RTC All Earth Renewables 3 O

RTC Renewable NRG 1 O

RTC Norwich/Chilicon/SolarWorld 3 O

RTC Ten K Solar 1 O

PVMC Miasole 1 O

PVMC Solar Frontier 1 O

PVMC Global Solar 1 O

PVMC Solopower 2 O

Totals 42
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O = Operational
I = Installation in progress
D = Decommissioned 
Green = VT RTC installations

• 4 soiling stations
• 1 snow station -- VT



The Vermont RTC:
Showcase for VT and US Innovation

Site selected in 2012

Construction starts and site launched in 2013
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First systems installed in 2014



Aerial View of the VT RTC in 2017



Technological Diversity at the VT RTC 

Site StatusPrism Solar SolarWorld

AllEarth Renewables SunPower P-series

RNRG

Norwich Technologies



Climate Data from the VT RTC:
Advancing Our Understanding of the Impact of Climate on Performance

Wet Spring

Soiling in Summer

Snow in Winter



VT RTC Leads in Installation Metrics…
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… Including Kilowatts (kWs) per Site



But Also in O&M Costs per RTC Site *
(in thousands)
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Challenges Ahead: Trump’s Budget to Congress
(May 2017)

“The PV subprogram…funds the Regional Test Centers (RTCs), which 
are located in Denver, Colorado; Albuquerque, New Mexico; Orlando, 
Florida; Las Vegas, Nevada, and Williston, Vermont. 

The RTCs provide facilities to study and validate the performance of PV 
technology pathways, including semiconductor materials, packaging 
and power electronics. These data elements deliver essential feedback 
to early stage R&D. 

During FY 2018, the Nevada, Vermont and Florida sites will begin a 
transition to a self sustainable business model that is not reliant on 
federal funding, and the Colorado site will be decommissioned and 
folded into an existing, smaller, outdoor test facility on the NREL 
campus, which is also used to maintain reference standards necessary 
for benchmark tests. “



Challenges

DOE funding cuts; shrinking US solar industry; limited budget and time to develop 

Opportunities

• Identify customers who would pay full cost of validation study (including installation, O&M, etc.)  
Prospective candidates include large-scale insurance companies, national homebuilders, solar 
developers,  industrial manufacturers, foreign companies with interest in US markets

• Create ties with other DOE-funded R&D projects to leverage the resources and infrastructure at 
the RTCs more broadly for research

• Seek funding from the DOD to support performance and reliability assessments of solar 
technologies of interest to the military

• Develop international collaborative based on the RTC program, with members paying to support 
the organization

• Leverage the RTCs for solar-training--emphasizing performance and reliability, hands-on O&M, 
exposure to new technologies, etc.--in partnership with site partners

• Solicit regional and site-owner support for ongoing operations, with emphasis on local and 
community value

Opportunities for Self-Sustainability



International RTC Collaborative
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Founding Members by Location: U.S. (DOE RTC sites); Germany; Morocco, Qatar, South Korea.  Oher 
regions and countries are actively being recruited.  



Next Steps?

TBD
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