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PREFACE

Over the past two decades, California has experienced near exponential growth in 
customer-sited solar photovoltaics (PV). California’s installed capacity of distributed 
PV grew from less than 2 megawatts (MW) in 2000 to over 5 gigawatts (GW) by 
the end of 2016; a 2,500-fold increase in capacity in sixteen years. Several factors 
contributed to that phenomenal growth including increased global demand for 
clean energy resources, rapid reduction in PV costs, far-reaching public policies, 
and new business models.

The California Solar Initiative (CSI) represented an innovative chapter in how 
California approached transforming the state’s electricity market and system. The 
innovativeness of the Program has been can be seen by reviewing the status of 
California’s solar market and the utility grid at the creation of the Program and the 
status at the end of 2016. Prior to 2000, support for PV in California was provided 
largely through a small but diverse set of policies and financial incentive programs. 
The policies encouraged adoption of solar technologies and streamlined installation 
of PV systems. State-sponsored programs such as the Self-Generation Incentive 
Program (SGIP) and the Emerging Renewables Program (ERP) provided financial 
incentives to help defray the costs of businesses and homeowners installing PV 
systems. 

By the end of 2003, the installed capacity of PV in California totaled less than 50 
MW with the average cost of a residential PV system exceeding $10 per wattAC. 
Statewide, PV contributed less than 0.3% of the power provided to California’s 
grid. While some utilities viewed PV as an interesting future clean energy tech-
nology, most were skeptical that there would be significant market growth in PV 
systems in the near term or that PV would have much impact on grid operations. 
However, increasing interest in clean energy resources and concerns over climate 
change led to additional policy support that would spur rapid and significant 
growth of PV in the state. 

Senate Bill (SB) 1 (Murray), which established the California Solar Initiative (CSI) in 



vii 

2006 was a critical part of these additional policies.  SB 1 required the California 
Energy Commission (CEC) and the California Public Utilities Commission (CPUC) to 
implement a $3 billion program aimed at installing 3,000 MW of solar on new and 
existing residential and commercial sites and placing solar energy systems on 50% 
of new homes by 2020.  

SB 1 also created the CSI Research, Development, Demonstration, and 
Deployment (RD&D) Program with the goal of helping build a sustainable and 
self-supporting industry for customer-sited solar in California. While the general 
CSI market program focused on deployment of already commercial technologies, 
the CSI RD&D Program focused on reducing solar technology costs, increasing 
solar system performance, filling solar energy technology knowledge gaps, and 
supporting the integration of distributed solar PV power into the grid. 

Just prior to the start of the CSI RD&D Program in 2008, installed PV capacity in 
California had grown to nearly 140 MW. This represented close to a tripling of the 
state’s 2003 PV capacity in five years. It was a modest level of growth relative to 
what would occur over the next eight years. Support for PV in California was being 
provided by a wide number of policies and significant levels of incentives. Net 
Energy Metering (NEM) provisions enabled system owners to receive retail rates for 
the electricity the system displaced at their homes and businesses, and to avoid 
lengthy and costly interconnection studies. At the same time, third-party financing 
models were emerging and would add to the explosion in the state’s PV market 
growth.

To complement the CSI incentives and the newly adopted policies, the CSI RD&D 
Program focused on ways to further accelerate PV market growth. CSI RD&D 
solicitations were developed targeting improved PV production technologies and 
innovative business models. In addition, to help meet the significant increase in PV 
penetration into the grid, RD&D solicitations focused on new grid integration tools 
and hardware. 

By the end of 2011, installed PV capacity in California exceeded 1,000 MW. In 
addition, installed costs averaged $7.96 per wattAC representing a 16% decline 
from 2007 levels. California’s electric utilities started expressing significant con-
cerns about potential grid impacts of distributed solar. There was growing interest 
in solutions that could ensure growth in PV could be accomplished in ways to 
improve reliability of the grid and provide benefits to all ratepayers. 

Since its initiation in 2008, the CSI RD&D Program had played a critical role in 
spurring development of more cost-effective solar technologies and innovative 
business models that expanded the reach of PV into the residential and commer-
cial markets. Moreover, the work on grid integration helped set a foundation by 
which the increasing rapid growth of PV in the grid could be accommodated to 
provide benefits. CSI RD&D grant projects have advanced the state of the art in 
solar forecasting, grid integration, and business model development.

By the end of 2016, California had installed approximately 5,000 MW of residential 
and commercial solar generation capacity. The average installed cost of solar had 
dropped by 45% to $5.34 per wattAC relative to 2007 levels. According to data 
from the International Energy Administration (IEA)1, solar power now accounts for 
more installed capacity globally than any other form of electricity generation. 

Most recently, California electrical corporations submitted distribution resources 

1	 http://fortune.com/2016/10/25/solar-power-capacity-coal-electricity-generation/
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plan (DRP) proposals that will identify optimal locations for the deployment of 
distributed resources. These proposals will show the path forward for the inte-
gration of solar, storage, and electric vehicles into grid operations and long-term 
resource planning. The research findings from the CSI RD&D Program have played 
an invaluable role in helping inform the development of these plans and the future 
of California’s grid.
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Senate Bill (SB) 1, signed by Governor Schwarzenegger in August 2006, autho-
rized the California Public Utilities Commission (CPUC) to allocate $50 million of the 
California Solar Initiative (CSI) funds for research, development, demonstration, and 
deployment of solar technologies. The legislation asked to explore solar technol-
ogies and other distributed generation technologies that employ or could employ 
solar energy for generation or storage of electricity or to offset natural gas usage.

The electric ratepayers of California’s three largest investor-owned utilities (IOUs) 
funded the CSI Program, namely Pacific Gas and Electric (PG&E), Southern 
California Edison (SCE), and San Diego Gas & Electric (SDG&E). The CPUC 
adopted the CSI Research, Development, and Demonstration and Deployment 
(CSI RD&D) Plan2 which identified the goals and objectives of the CSI RD&D 
Program, set forth allocation guidelines, and established criteria for solicitation, 
selection and funding RD&D projects. It also established the guidelines for the 

2	 Decision 07-09-042

1.1
BACKGROUND

SE
CT

IO
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1 The CSI RD&D 
Program
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50-65%

Research and activities to 
improve the integration of 
PV with the distribution and 
transmission grid.

Grid Integration, 
Storage, and Metering

10-25%

Activities to support the 
commercialization of new PV 
technologies.

Production 
Technologies

10-20%

Activities and approaches that 
support the solar market and 
end users.

Business Development 
and Deployment

PROPOSED ALLOCATION BY TARGET AREA

RD&D Program administration and RD&D Program evaluation.

The overall goal of the SB 1 CSI Program was to help build a sustainable and 
self-supporting industry for customer-sited solar in California. This goal included 
two key outcomes:

•	 3,000 MW of installed solar capacity by 2016

•	 A self-sustaining solar market in the years beyond the program

The CSI RD&D Plan also laid out the seven key principles of the CSI RD&D 
Program. These principles included:

1	 Improve the economics of solar 
technologies by reducing technol-
ogy costs and increasing system 
performance.

2	 Focus on issues that directly 
benefit California, and that may not 
be funded by others.

3	 Fill knowledge gaps to enable 
successful, wide-scale deployment 
of solar distributed generation 
technologies.

4	 Overcome significant barriers to 
technology adoption.

5	 Take advantage of California’s 
wealth of data from past, current, 
and future installations to fulfill the 
above.

6	 Provide bridge funding to help 
promising solar technologies 
transition from a pre-commercial 
state to full commercial viability.

7	 Support efforts to address the 
integration of distributed solar 
power into the grid to maximize its 
value to California ratepayers.

ALLOCATION OF FUNDS FROM CSI RD&D PLAN

The CPUC used various studies, technical reports and surveyed solar energy 
industry experts and stakeholders to identify priority solar RD&D needs for 
California for inclusion in the CSI RD&D Plan. The CSI RD&D Plan allocated the 
research funds by focus area as follows:

Among the three proposed target activities, the CSI RD&D Plan allocated the greatest 
share of funds to grid integration projects which focus on research to improve the 
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integration of PV with the distribution and transmission system. The rational for this 
was that production technologies and business development projects often receive 
federal funding or venture capital, while grid integration projects tend to receive less 
funding overall. Grid integration is also of special interest to California because of 
the value that solar technologies can create in addressing on-going grid congestion 
issues facing the state. 

The CSI RD&D Plan also provided guidance on the allocation of funds by the research 
stage. The allocation included:

The Plan gave highest priority to demonstrations because often viable projects 
can have a difficult time attracting funding for demonstrations and CSI RD&D 
Program funds can help fill this gap. Smaller allocations were made for research, 
development, and deployment since funding from the federal government and 
private organizations often fill this need. The CSI RD&D Plan dedicated the 20% 
of total funds recommended for research ($10 million) to the Lawrence Berkeley 
National Laboratory, Solar Energy Research Center.

PROGRAM MANAGEMENT
To implement the CSI RD&D Plan, the CPUC’s Energy Division (ED) oversaw the 
competitive selection of Itron as the CSI RD&D Program Manager in July 2008. 
The day-to-day program management and administration of the CSI RD&D 
Program was carried out by Itron, with oversight from the CPUC ED. Itron was 
responsible for maintaining all program data, determining target areas for funding, 
coordinating with other research organizations and stakeholder groups, developing 
grant solicitations, evaluating grant requests, entering grant agreements (once 
CPUC approved funding awards via a Resolution), monitoring progress on all 
approved projects, approving grant deliverables and invoices and conducting 

20%

Fundamental research to 
improve performance of solar 
energy technologies.

Research
10-15%

PROPOSED ALLOCATION BY RESEARCH STAGE

Activities that convert research 
into working prototypes of 
improved technologies.

Development

50-60%

Activities that bring promising 
technologies closer to 
market by demonstrating 
their real-world feasibility 
to manufacturers and the 
financial community.

Demonstration
10-15%

Aiding new technologies in 
gaining wide-scale adoption or 
to reach a "tipping point" into 
widespread commercialization.

Deployment
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technology transfer and outreach. Itron also developed and maintained a program 
website which provides details and deliverables for all the funded RD&D grant 
projects. 

Funding for the CSI RD&D Program came from PG&E, SCE and SDG&E rate-
payers. The CPUC selected PG&E to sign co-funding agreements with the other 
utilities, collect funds and perform certain administrative and accounting functions 
for the CSI RD&D Program. These functions included issuing request for proposals 
for Program Management and Program Evaluation and making payments to these 
entities as well as the CSI RD&D grant recipients. The CPUC allowed PG&E to be 
compensated for these program administration expenses.

PROJECT TIMELINE

The following timeline shows the highlights of the program, from its inception in 
2006 to the conclusion in 2016.

20
06

SB 1 legislation 
signed

1.2
PROGRAM IMPLEMENTATION

IN ITIAL PROGRAM ACTIV ITIES 

During the first year of the CSI RD&D Program, Itron, under the direction of the 
CPUC undertook the following activities:

2010

Solicitations 1 and 2 
grants approved and 
research begins

All grant 
projects are 

completed 
and the 

Program 
ends

2013

CSI RD&D 
Program 
collaborates with 
DOE to conduct 
the second High 
Penetration Solar 
Forum in San 
Diego

Solicitations 4 and 
5 released

2007

CPUC adopts the 
CSI RD&D Plan 
establishing the 
program

2008

CPUC selects 
Itron as Program 
Manager for CSI 
RD&D

2009

The CSI RD&D 
program releases 
Solicitations 1 
and 2

2011

CSI RD&D 
Program 
collaborates with 
DOE to conduct 
the first High 
Penetration Solar 
Forum in San 
Diego

Solicitation 3 
released

2014

Solicitation 4 and 5 
grants approved and 
commence research

2012

Solicitation 3 grants 
approved and 
research begins

20
16
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•	 Solar Energy Research Center (formally known as Helios): One of the first 
program tasks was to initiate the $10 million grant agreement for the Solar 
Energy Research Center. The purpose of the grant was to support the con-
struction of the 39,000-sq. ft. building on the University of California Berkeley 
campus designed to house research laboratories and offices devoted to 
nanoscale photovoltaic and electro-chemical solar energy systems. On behalf 
of the CPUC, Itron negotiated, prepared and executed the grant agreement 
between the University of California Berkeley and PG&E for the Solar Energy 
Research Center (now called Chu Hall). The term of the grant was from 2009-
2013. Grant payments were made at key project milestones with the final grant 
funds released upon completion of the foundation construction. The building 
was completed in May 2015.

The Solar Energy Research 
Center is located on the 
University of California 
Berkeley campus.

•	 Program Coordination: An early task for the Itron team was to reach out to 
other solar research organizations and key stakeholders to gain a full under-
standing of their current and planned activities and to also provide updates, 
plans and timelines for the CSI RD&D Program. The goal of this effort was to 
maximize leveraging opportunities and to ensure that the activities of the CSI 
RD&D Program were not duplicative or overlap with research being done by 
others. Direct contact was made with over two dozen entities3 involved in solar 
research to identify possible research gaps and co-funding and match funding 
opportunities and other partnership activities. This early program coordination 
set the foundation for the ongoing cooperation and collaboration with outside 
organizations through the term of the program.

•	 Grant Terms and Conditions: The CSI RD&D Plan provided the Program 
Manager with flexibility on the general rules that the grantees must adhere 

3	 Contact with other organizations involved in solar RD&D included: California Energy Commission, 
U.S. Department of Energy (Solar American Initiative and Solar American Board of Codes and 
Standards), U.S. Department of Energy National laboratories (National Renewable Energy 
Laboratory, Sandia), NYSERDA, New Jersey's Edison Innovation Commercialization Fund and 
Clean Energy Manufacturing Fund, Massachusetts Technology Collaborative Congestion Relief 
Pilots, Oregon Department of Energy, Hawaii Clean Energy Initiative, Sacramento Municipal Utility 
District's ReGen Program, Los Angeles Department of Water and Power's Sunshares program, 
a variety of California universities (including California Institute of Technology, Stanford University, 
UC San Diego, UC Davis, UC Merced, and UC Santa Cruz), a variety of universities in other 
states (including Arizona State University, Colorado State University), and leading solar industry 
companies and trade organizations.
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to for reporting, invoicing and payment, intellectual property, confidentiality, 
and other key provisions. Itron drafted a set of terms and conditions for the 
agreements between potential grantees and Itron. These terms and conditions 
were reviewed and approved by the legal departments of Itron, PG&E and 
the CPUC. Because of the number of parties involved, as well as to ensure 
fairness, the terms and conditions were not subject to negotiation and 
remained the same for all solicitations.

•	 Program Evaluation: The CSI RD&D Plan specified that an independent 
evaluator conduct triennial evaluations of the program to assess program 
performance and that an evaluation plan be developed prior to the first 
grant solicitation. Itron and the CPUC ED concurred that it would be more 
appropriate for the evaluation contractor to develop the evaluation plan. Itron 
was directed by the CPUC ED to draft a Request for Proposals (RFP) for an 
independent evaluation contractor. Itron submitted the RFP to the CPUC ED 
in 2009, however the CPUC ED put the program evaluation on-hold. In 2016, 
the CPUC drafted and released an RFP and selected Evergreen Economics to 
evaluate the CSI RD&D Program.

•	 Program Website: The Itron team developed a web site at the start of the CSI 
RD&D Program. This website has been instrumental throughout the program 
for outreach and information dissemination. Web pages were established 
for each of the funded research projects and all deliverables, reports and 
presentations were made available on the site4. For more information on the 
website and other program outreach, please see Section 6, Outreach and 
Technology Transfer.

1.3
SOLICITATIONS

OVERV IEW OF SOLICITATIONS

During the term of the CSI RD&D Program, five competitive solicitations were 
conducted for research projects. Each solicitation document included the amount 
of funds available, maximum and minimum project size, focus area, descriptions 
of research areas of interest, eligible proposers, solicitation time-line, proposal and 
submittal requirements, proposal review and selection process and match funding 
requirements.

Prospective grantees were required to have match funding to participate in all 
solicitations. The match funding requirement for Solicitation 1 was 25%, however 
the match requirement for the projects funded from Solicitations 2 through 5 was 
increased to 50%. The magnitude and value of match funding contributions were 
evaluated in the scoring and selection process. As one of the key principals of 
the CSI RD&D Program was to maximize leveraging opportunities, proposals with 
higher and more secure match funding received higher scores.

4	 www.calsolarresearch.ca.gov
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SOLICITATION PROCESS 

All solicitations for the CSI RD&D Program were conducted following essentially 
the same process. Below are the key steps:

•	 Barriers, Gaps, and Opportunities: Prior to each solicitation, Itron communi-
cated with key partners and assessed the current gaps, needs and potential 
collaborative opportunities for solar RD&D. Assessing the landscape was an 
important step to ensure that the CSI RD&D Program supported research that 
did not overlap but instead leveraged the work being done by other research 
organizations. Using this assessment as well as the CSI RD&D Plan, Itron 
determined the solicitation focus area(s), potential research topics of interest, 
funding levels and solicitation schedule.

•	 Draft Solicitation for Public Comment: Once CPUC ED approval was 
obtained for the solicitation, Itron developed a Draft Solicitation document and 
released this draft for public review and comment. Releasing the solicitation 
in draft form provided stakeholders with the chance to comment on the 
draft document but also gave advanced notice to prospective bidders of the 
upcoming funding opportunity. Comments were collected on the Draft and 
considered by Itron and the CPUC ED prior to the release of the final solicitation 
documents.

•	 Final Solicitation: Notice of the availability of all solicitations was sent to the 
CPUC’s R.10-05-004 service list, as well as to a mailing list maintained by Itron. 
As appropriate, notice was also made to mail lists from the California Energy 
Commission. Approximately 2 weeks after release of the solicitation, Itron 
conducted a bidder’s conference to review the content of the solicitation and 
allow prospective bidders to ask questions. Following the bidders conference, 
Itron provided written responses to all questions on the solicitation. Prospective 
bidders were given a minimum of 8 weeks to develop and submit proposals in 
response to the solicitation.

•	 Proposal Submission: All proposals received by the due date and time were 
first screened for completeness and those proposals that did not pass the 
initial screening criteria were eliminated. The proposals that passed screening 
underwent technical review which assessed the practical and technical 
feasibility, path to implementation and market adoption, and funding level 
requested from the various proposals.

•	 Proposal Scoring: Proposals were independently reviewed and scored by 
a committee with membership drawn from Itron, the CPUC, and other state 
and/or federal agencies, as well as representatives from the solar industry. In 
addition to their own independent analysis and assessment of the proposals, 
the Scoring Committee took into consideration the review and input from 
the technical reviewers. The Scoring Committee members did not have any 
financial or other stake in the research proposals being scored, to allow for 
a fair and merit based selection. The Scoring Committee evaluated each 
proposal based on the following evaluation criteria: 
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•	 Utility participation

•	 Match funding provided

•	 Public benefits to California

•	 Level of funding requested from RD&D 
Program

•	 Potential to expand PV market 
opportunities or reduce barriers

•	 Milestones targeted

•	 Institutional or regulatory feasibility

•	 Visibility and educational component

•	 Capabilities, qualifications, and experience 
of team

•	 Size of RD&D grant and budget allocations

•	 Capabilities, qualifications, and experience 
of team

•	 Size of RD&D grant and budget allocations

EVALUATION CRITERIA

The Scoring Committee’s individual scores were averaged to produce the 
final score with 75% of the possible points required to pass and be eligible for 
funding. The passing proposals were put in rank order with the top-ranking 
proposals recommended to the CPUC ED for funding. 

•	 CPUC Resolution: Once funding approval was obtained from the CPUC 
ED for the recommended proposals, Itron helped draft the Resolution. The 
Resolutions announced the winning grant recipients and were approved at a 
CPUC Business Meeting. The Resolutions provided the background and ratio-
nal for the solicitations and the decisions on grant selection. The Resolutions 
were subject to a 30-day comment period prior to being final.

•	 Grant Agreement: Once the CPUC provided approval for the grants, Itron 
began the task of developing grant agreements. Working collaboratively, Itron 
and the grantee further defined the scope of work and budget to conform to 
the direction provided in the CPUC’s Final Resolution. In certain cases, Itron 
contacted the organizations providing match funding to ensure that there 
was no overlap in funding between the CSI RD&D funded portions and the 
match funded portions of the project. Once the grant agreement was in-place, 
Itron staff provided oversight and management of all grants to ensure that the 
research resulted in high quality deliverables within the allocated budget and 
time-line.

SUMMARY OF SOLICITATIONS

Table 1.1 provides a summary of the solicitations conducted for the CSI RD&D 
Program. Over the course of the program, five solicitations were conducted with 
a total of 193 proposals received resulting in 139 proposals being accepted, 
reviewed, and scored.
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Table 1.1: Solicitations Summary

1 Grid Integration

Grant 
Solicitation Target Area(s)

Funding 
Available

Solicitation 
Released

Proposal 
Due Date

Proposals 
Received

$15M 7/8/09 8/24/09 21

2
Improved PV Production 
Technologies and Innovative 
Business Models

$15M 11/4/09 2/16/09 95

3

Primary area: 
Grid Integration

Secondary areas: 
Production Technologies 
and Business Development 
and Deployment

$9M 

$3M
7/14/11 9/1/11 32

4 Grid Integration $7M 6/13/13 8/7/13 17

5 Small Projects in all target 
areas $1M 9/3/13 10/10/13 28

Solicitations 1, 3 and 4 were primarily focused on integrating PV into the electricity 
grid. Solicitation 2 had two focus areas: energy generation technologies and 
business development and deployment. Solicitation 5 was focused on funding 
smaller RD&D projects in any of the three focus areas.

For Solicitations 1 through 4, funding made available in each of the solicitations 
ranged from $7 million to $15 million, with $2 million being the maximum amount 
of funding available for a single project. Solicitation 5 was directed to small projects 
in all focus areas with up to $1 million in funding made available for research 
projects in the $50,000 - $100,000 range.

OUTCOME OF SOLICITATIONS

As previously discussed in the Solicitation Process section, the CPUC announced 
the winning grant projects by CPUC Resolution. Table 1.2 provides a summary 
of the solicitation outcomes as announced in the CPUC Resolutions for the five 
solicitations conducted.
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Table 1.2: Solicitation Funding

1 Grid Integration

Grant 
Solicitation Target Area(s)

Funding 
Available

$15M

2
Improved PV Production 
Technologies and Innovative 
Business Models

$15M

3

Primary area: 
Grid Integration

Secondary areas: 
Production Technologies 
and Business Development 
and Deployment

$9M 

$3M

4 Grid Integration $7M

5 Small Projects in all target 
areas $1M

Approved CSI 
RD&D Funding 

(not to exceed)*

Approved 
Match 

Funding

$9.3M $6.1M

$14.6M $11.5M

$9.3M $6.1M

$5.6M $6.6M

$0.7M $0.4M

$39.5M $30.7M

Proposals 
Recommended 

for Funding

8

9

7

6

7

37Total

* Final grant amount may be less than the Approved Funding amount.

The CPUC approved funding for 37 of the 139 proposals scored over the course 
of the Program for nearly $40 million in CSI funding and $30 million in match 
funding. The funding levels in the Resolutions were written ‘up to’ an amount 
providing the ability to conduct due-diligence and to reduce the scope of work and 
budget for tasks that were redundant or not relevant to the goals of the Program.
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Sacramento Municipal 
Utility District High Penetration PV Initiative $2,000,089 $1,940,793

Grantee Project Title
Final CSI 

RD&D Funding
Final Match 

Funding

National Renewable 
Energy Laboratory

Beopt-CA [EX]: A Tool for Optimal Integration of 
EE/DR/ES+PV for California Homes $982,934 $230,540

National Renewable 
Energy Laboratory

Analysis of High-Penetration PV Into California's 
Distribution Grid $991,100 $1,538,727

Clean Power Research Advanced Modeling and Verification for High 
Penetration PV

$976,402 $295,370

kW Engineering Specify, Test and Document an Integrated Energy 
Project Model $942,489 $258,653

University of California 
Irvine

Development and Analysis of a Progressively 
Smarter Distribution System $297,564 $100,845

SunPower Corporation Planning and Modeling for  
High-Penetration PV $280,422 $71,643

University of California 
San Diego

Improving Economics of Solar: Resource Analysis, 
Forecasting and Dynamic System Modeling $548,094

$7,019,094*

$146,254

$4,582,824Total

Table 1.3: Solicitation 1 Projects

* Actual funding amount is lower than the "Approved CSI RD&D Funding" found in Table 1.2 as a result of changes to scope and other 
project externalities.

SOLICITATION 1
Solicitation 1 projects can be found in Table 1.3 below. All the research under this solicitation 
focused on grid integration of solar into the electricity grid. For more details on the research 
conducted, please see Section 2 on Grid Integration. Summaries for each project can be 
found in the accompanying document, CSI RD&D Research Briefs. These briefs summarize 
the research effort, describe methods, findings, and outcomes as well as public benefits.

The actual CSI RD&D funding spent for these 8 research projects was just over 
$7 million with over $4.5 million in leveraged match funding. The final funding 
amount is more than $2 million less than the $9.3 million approved in the CPUC 
Resolution. This was due to removing tasks from one scope of work that were 
found to be overlapping, and another grantee canceling their agreement because 
of a company restructuring.

Grid 
Integration

Production 
Technologies

Business 
Development 
and Deployment

Distributed 
Energy Resources 
Integration

Primary 
Target 
Area:
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SOLICITATION 2
Table 1.4 lists the grant projects from Solicitation 2 with the primary focus are on Improved PV 
Production Technologies and a secondary focus of Business Development and Deployment. 
More details on these areas of research can be found in Section 3 on Technology Development 
and Section 4 on Innovative Business Models. Please see CSI RD&D Research Briefs for 
summaries of these Solicitation 2 projects.

SunPower Corporation PV and Advanced Energy Storage for Demand 
Reduction $1,385,286 $747,326

Grantee Project Title
Final CSI RD&D 

Funding
Final Match 

Funding

Solaria Corporation Proving System Performance of the Lowest Cost PV 
System $1,092,428 $1,338,013

BIRAenergy Solar Re-Roof Product for Smart-Grid Ready Homes $999,999 $962,557

Amonix, Inc. Improved Cost, Reliability, and Grid Interaction of 
High Concentration Photovoltaic Systems $1,938,772 $988,365

Viridity Energy Innovative Business Models, Rates and Incentives for 
Integration of High Penetration PV $1,659,999 $840,000

University of California 
Davis West Village Energy Initiative $1,718,004 $1,300,000

SolarCity Advanced Grid-Interactive Distributed PV and 
Storage $1,550,867 $564,742

Cogenra Improved Hybrid Concentrating PV/Thermal 
Tri-Generation Technology $1,466,973

$12,808,599*

$2,200,958

$10,205,426Total

SunLink Reducing PV Costs by Automating Array Design, 
Engineering and Component Delivery $996,271 $1,263,465

The actual CSI RD&D funds spent on these Solicitation 2 projects totaled $12.8 
million with over $10 million contributed in match funding. Due to the rapid 
change in the solar market during the period of these grants, tasks were reduced 
or dropped from some of the projects as they were determined to no longer 
be relevant or grantee organizations underwent internal changes and direction 
changes.

Table 1.4: Solicitation 2 Projects

* Actual funding amount is lower than the "Approved CSI RD&D Funding" found in Table 1.2 as a result of changes to scope and other 
project externalities.

Grid 
Integration

Production 
Technologies

Business 
Development 
and Deployment

Distributed 
Energy Resources 
Integration

Primary 
Target 
Area:
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SOLICITATION 3
The research projects from Solicitation 3 can be found in Table 1.5 below. The primary research 
focus area for this solicitation was Grid Integration with Production Technologies and Business 
Development and Deployment being secondary areas. For information about each of these 
research projects, please see the summaries in CSI RD&D Research Briefs.

General Electric
Quantifying Unintended Islanding Risks and 
Interconnection Requirements for High Penetration 
PV

$629,101 $1,393,646

Grantee Project Title
Final CSI RD&D 

Funding
Final Match 

Funding

DNV GL Tools Development for Grid Interaction of High PV 
Penetration $943,555 $901,345

University of California 
San Diego

High-Fidelity Solar Forecasting Demonstration for 
Grid Interaction $1,261,828 $1,353,707

Electric Power Research 
Institute

Screening Distribution Feeders: Alternatives to the 
15% Rule $1,669,222 $1,669,343

Clean Power Research Integrating PV into Utility Planning and Operation 
Tools $852,620 $901,916

Strategic Energy 
Innovations

Solar Energy & Economic Development Fund (SEED 
Fund) $300,000 $304,462

$5,656,326* $6,524,418Total

The final CSI RD&D funding spent on these projects totaled $5.6 million with over 
$6.5 million match funding. The CPUC Resolution approved $9.3 million in CSI 
RD&D funding, however one grantee with a very large research project was under-
going company reorganization and decided to not accept their research grant. 
Other projects from this solicitation did not need the entire CSI RD&D budget to 
complete their research tasks or conducted a greater share of the research work 
using match funds.

Table 1.5: Solicitation 3 Projects

* Actual funding amount is lower than the "Approved CSI RD&D Funding" found in Table 1.2 as a result of changes to scope and other 
project externalities.

Grid 
Integration

Production 
Technologies

Business 
Development 
and Deployment

Distributed 
Energy Resources 
Integration

Primary 
Target 
Area:
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Electric Power Research 
Institute

Standard Communication Interface and Certification 
Test Program $882,193 $1,228,919

Grantee Project Title
Final CSI RD&D 

Funding
Final Match 

Funding

Electric Power Research 
Institute

Demonstration of Locally Balanced Net Zero Energy 
Communities $1,484,806 $2,778,825

Electric Power Research 
Institute

Analysis to Inform California Grid Integration Rules 
for PV $297,557 $514,398

Energy and Environmental 
Economics

PV Integrated Storage - Demonstrating Mutually 
Beneficial Utility-Customer Business Partnerships $717,500 $518,864

Southern California 
Edison

Advanced Distribution Analytic Services Enabling 
High Penetration Solar PV $853,556 $1,644,346

University of California 
San Diego

Comprehensive Grid Interaction of Solar Power for 
San Diego Gas and Electric $868,522 $1,214,850

$5,104,134* $7,900,201Total

The actual CSI RD&D funds spent on the Solicitation 4 projects was just over $5 
million with nearly $8 million leveraged in match funding. The final CSI RD&D funds 
spent on this solicitation were close to what was approved by the CPUC in the 
Resolution for Solicitation 4, however the projects from this solicitation leveraged 
$1.3 million in research funds beyond what was in the CPUC Resolution.

SOLICITATION 4
Table 1.6 lists the grant projects from Solicitation 4, which had a focus on Grid Integration. 
More information on the technical aspects of Grid Integration can be found in Section 2. Details 
on each of these research projects can be found in the accompanying document, CSI RD&D 
Research Briefs.

Table 1.6: Solicitation 4 Projects

* Actual funding amount is lower than the "Approved CSI RD&D Funding" found in Table 1.2 as a result of changes to scope and other 
project externalities.

Grid 
Integration

Production 
Technologies

Business 
Development 
and Deployment

Distributed 
Energy Resources 
Integration

Primary 
Target 
Area:
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Strategic Energy 
Innovations

Sustainable Energy & Economic Development Fund 
(SEED Fund) $99,959 $110,616

Grantee Project Title
Final CSI RD&D 

Funding
Final Match 

Funding

University of California 
San Diego

Mitigation of Fast Solar Ramps Through Sky Imager 
Solar Forecasting and Energy Storage Control $99,673 $35,000

National Renewable 
Energy Laboratory

BEopt Multifamily Modeling Capabilities for ZNE and 
iDSM in California $97,989 $75,596

BIRAenergy Monitoring and Evaluation of a Zero Net Energy 
Retrofit Home $74,500 $108,788

Tri-Technic, Inc. Supervisory Controller for PV and Storage Microgrids $96,001 $67,040

University of California 
Davis

Smart Grid-tied Energy Storage Using Second-life 
Lithium Batteries $99,943 $36,917

$667,723* $548,186Total

Clean Power Research Distributed Solar and Plug-in Electric Vehicles: An 
Alternative Software Platform $99,658 $114,229

The final CSI RD&D funds spent on Solicitation 5 projects totaled $668,000 with 
nearly $550,000 in match funding leveraged, which exceeded the amount in the 
CPUC Resolution by $168,000.

SOLICITATION 5
Solicitation 5 was focused on funding for small research projects, many of which were a 
continuation of work that began under a prior solicitation. Table 1.7 below lists the projects 
from this solicitation. These projects cut across all the program target areas and details on 
each project can be found in CSI RD&D Research Briefs.

Table 1.7: Solicitation 5 Projects

* Actual funding amount is lower than the "Approved CSI RD&D Funding" found in Table 1.2 as a result of changes to scope and other 
project externalities.

Grid 
Integration

Production 
Technologies

Business 
Development 
and Deployment

Distributed 
Energy Resources 
Integration

Primary 
Target 
Area:
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1.4

ALLOCATION OF FUNDS

The CSI RD&D Plan provided the suggested allocation of the $50 million in funding 
by stage of research and focus area. As stated in the plan, the allocations were 
only guidelines and not strict requirements for project funding. 

FUNDING BY SOLICITATION

Table 1.8 below shows the final spending for the five solicitations for the CSI RD&D 
Program. Over the course of the program 36 research projects received a total 
of $31,255,877 in CSI RD&D funds with nearly $30 million leveraged in match 
funding. With the additional $10 million grant for the Solar Energy Research Center 
at UC. Berkeley, the CSI RD&D funds spent on the program totaled $41,255,877 
for 37 research projects.

Table 1.8: Final Funding by Solicitation

FUNDING BY RESEARCH FOCUS AREA
As previously discussed, the CSI RD&D Plan suggested budget allocations along 

1 Grid Integration

Grant 
Solicitation Target Area(s)

2 Improved PV Production Technologies and 
Innovative Business Models

3

Primary area: 
Grid Integration

Secondary areas: 
Production Technologies and Business 
Development and Deployment

4 Grid Integration

5 Small Projects in all target areas

8 $7,019,094 $4,582,824

Funded Grant 
Projects

Final CSI RD&D 
Funding*

Final Match 
Funding

6 $5,656,326 $6,524,418

7 $667,723 $548,186

9 $12,808,599 $10,205,426

6 $5,104,134 $7,900,201

36 $31,255,877 $29,761,056

$41,255,877 $29,761,056

1 $10,000,000 -

37

Solicitations Total

CSI RD&D Totals

Solar Energy Research Center

* "Final CSI RD&D Funding" is the actual funding provided by the program and is lower than the "Approved CSI RD&D Funding" listed in  
Table 1.2.
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Target Areas
CSI RD&D Plan 

Guidance
Final Funding 

Allocation

Production Technologies 10-25% $4,498,172

Grid Integration, Storage and Metering 50-65% $19,154,737

Business Development and Deployment 10-20% $7,602,967

Total - $31,255,877*

Table 1.9: Final Allocation By Target Area

Percent of 
Total Funded

14%

61%

24%

100%

with minimum and maximum budget amounts for each of the focus areas. Table 
1.9 shows the final funding amounts for each of the focus areas which aligned with 
the original RD&D Plan guidance. 

Table 1.10: Final Allocation By Research Stage

For both Grid Integration and Production Technologies, the final funding amount 
falls within the allocation guidance in the Plan. Spending on Business Development 
and Deployment exceeded the range provided by the plan receiving 24% of the 
total program funds.

ALLOCATION BY RESEARCH STAGE

As with the Research Focus Areas above, CSI RD&D Plan suggested budget 
allocations along with minimum and maximum budget amounts for the various 
stages of research. Table 1.10 below provided the final funding amounts by stage 
of research.

Research 20% $10,000,000*

Stage of RD&D
CSI RD&D Plan 

Guidance
Final Funding 

Allocation

Demonstration 50-60% $22,971,306

Development 10-15% $4,622,213

Deployment 10-15% $3,662,357

Total - $41,255,877

Percent of 
Total Funded

24%

56%

11%

9%

100%

* Does not include $10M to Solar Energy Research Center.

* Research funding to Solar Energy Research Center.
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The CSI RD&D Plan allocated the Research funding to the Solar Energy Research 
Center at UC Berkeley. The final spending amounts for the remaining stages of 
RD&D meet the allocation intentions in the CSI RD&D Plan.
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When the CSI RD&D Program launched in 2008, over 9,000 solar PV systems 
were interconnected to California’s distribution system. The integration of distrib-
uted solar was recognized as a significant challenge within the context of SB 1 and 
California’s Million Solar Roofs vision. Consequently, the CSI RD&D Plan allocated 
the greatest share of funds to grid integration research (50-65%).

Increased penetrations of distributed solar can pose challenges to distribution 
circuits. In addition to fundamentally changing the load shape and increasing 
ramp-rate requirements, intermittent renewables can cause voltage fluctuations, 
induce flicker, compromise protection schemes, and increase the risk of 
unintended islanding. To address these issues, the CSI RD&D Program provided 
funding to 17 grid integration research projects. These projects shed light on 
issues related to solar resource forecasting, improved utility tools for analyzing 
grid impacts, and explored potential mitigation strategies that allow for increased 
penetrations of solar PV.

SE
CT

IO
N 

2 Grid 
Integration

2.1
BACKGROUND
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RESEARCH AREAS UNDER GRID INTEGRATION

The following sub-sections summarize the role of the CSI RD&D Program in 
addressing grid integration challenges.

2.2

SOLAR RESOURCE DATA AND 
FORECASTING

Rapidly changing weather conditions can result in dramatic solar power and 
voltage deviations in localized areas. Being able to accurately forecast solar PV 
generation is the first step in mitigating the potential impacts on the transmission 
and distribution system. In solar forecast models, irradiance data are used as 
inputs to PV performance models. Improving the temporal and spatial resolution 
of the irradiance data results in improved granularity of solar forecasts. Improved 
forecasts in turn give grid operators the confidence to interconnect higher levels of 
solar PV.

Satellite based irradiance models rely on satellite imagery and cloud vector 
modeling to forecast the solar irradiance reaching the ground. The main advantage 
of these models is that they are highly scalable – the forecast can effectively be 
applied anywhere satellite imagery exists. However satellite irradiance models 
are limited by the temporal and spatial resolution of the images. In 2008, Clean 
Power Research’s (CPR) SolarAnywhere product was able to produce irradiance 
models in 1 hour intervals for a 10 km grid. As part of research funded by the CSI 
RD&D Program, CPR improved the granularity of their irradiance models to 30 
minute intervals for a 1km grid. This improved resolution leads to higher fidelity PV 
integration studies and reduced risks to solar project developers and financiers. As 

SOLAR RESOURCE 
DATA AND 

FORECASTING

UTILITY TOOLS FOR 
GRID INTEGRATION 

OF HIGH 
PENETRATION PV

INTERCONNECTION 
OF HIGH 

PENETRATION PV

PV-COUPLED 
STORAGE FOR GRID 

INTEGRATION

Rule 21/Smart Inverters
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SolarAnywhere Enhanced 
Resolution results in 200-
fold increase in spatial 
and temporal resolution.

Ground based irradiance forecasts require the deployment of sensors and there-
fore are not as scalable as satellite models. However, ground based models are 
useful in understanding highly localized weather phenomena such as California’s 
marine layer clouds. These low altitude stratus clouds extend for hundreds of 
kilometers along California’s coastline and can form or dissipate rapidly. These 
dramatic changes in cloud cover lead to equally drastic changes in solar output 
and voltage fluctuations caused by PV systems located along California’s coast. As 
part of research funded by the CSI RD&D Program, researchers from the University 
of California San Diego (UCSD) deployed ground based imaging systems to 
improve the fidelity of marine layer irradiance forecasting. The UCSD team worked 
with San Diego Gas and Electric (SDG&E) and the California Independent System 
Operator (CAISO) to integrate these forecasts into grid models and net load 
forecasts.

Through research funded by the CSI RD&D Program, the state of the art in satellite 
irradiance models and ground based forecasts has been greatly advanced. Most 
importantly, the CSI RD&D research projects have fostered collaboration between 
academic institutions, distribution companies, system operators, and the private 
sector. These relationships will invariably lead to improved forecasting products in 
the years to come.

a result of this work, CPR now provides statewide forecasts of behind-the-meter 
PV generation every 30 minutes to the California Independent System Operator 
(CAISO). 
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2.3

UTILITY TOOLS FOR GRID INTEGRATION 
OF HIGH PENETRATION SOLAR 

Utility grid planners and operators rely on a myriad of tools to manage the increas-
ing penetrations of renewables on the distribution system. These tools are used by 
utilities to track interconnection applications, model voltages on the transmission 
and distribution system, and simulate future PV deployment scenarios. The CSI 
RD&D program has provided strategic funding that’s been leveraged by research-
ers to advance the state of the art in utility tools.

Utilities rely on software packages like CYME5, OpenDSS6, and Synergi Electric7 
to model the impacts of intermittent renewables on the distribution system. While 
these tools provide insights into potential voltage, frequency, or protection issues 
on the distribution system, certain utilities recognized that a proactive approach is 
needed to successfully manage PV on the distribution system.

A group of California and Hawaii utilities, working with researchers from DNV GL, 
developed tools and a methodology to integrate the distribution grid with a visual 
mapping tool into an expanded locational value methodology. The approach 
assessed impacts across the system from a strategic development and grid 
enhancement perspective. The methodology and process was used by utilities to 
facilitate distributed renewable resource expansion without negatively impacting 
system performance.

Southern California Edison (SCE) similarly recognized that in order to meet 
California’s renewable energy goals they would need a better understanding of 
current grid limits for solar penetration. To address these limits, the goal of the 
SCE Solicitation 4 project was to develop an online tool that hosts models and 
provides a platform for model analysis. This platform is called GridUnity™ and was 
developed by project partners, Qado Energy. Using the GridUnity™ tool, SCE can 
have control over how it configures, delivers, and manages sophisticated technolo-
gy-driven customer programs and analytical services.

Utility tools are not limited to software for modeling grid impacts of renewables. 
General Electric (GE), in collaboration with Pacific Gas & Electric Company (PG&E), 
conducted research to quantify the risks of unintended islanding in distribution 
circuits with high penetration of customer-sited distributed PV generation. The 
GE and PG&E team used full scale laboratory testing to determine the risks to 
both utility and customer equipment that may result from an unintended islanding 
situation. The research not only resulted in an increased understanding of islanding 
behavior, but also resulted in a hardware tool that PG&E can now use to better 
understand the behavior of inverter-based generators on the distribution system.

5	 http://www.cyme.com/software/cymdist/

6	 https://sourceforge.net/projects/electricdss/

7	 https://www.dnvgl.com/services/power-distribution-system-and-electrical-simulation-soft-
ware-synergi-electric-5005
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Over the course of eight years, the CSI RD&D program has provided support for 
research that has advanced the state of the art of utility tools. These tools take 
the form of software packages, advanced methodologies, or hardware platforms 
that in one way or another facilitate increased penetrations of renewables on the 
grid. These tools provide immense value to grid planners and have undoubtedly 
improved interconnection speeds, leading to increased benefits to utility 
customers.

2.4

INTERCONNECTION OF HIGH 
PENETRATION SOLAR

In order to ensure ongoing reliable operation of the transmission and distribution 
system, utilities must evaluate interconnection requests to ensure safe and reliable 
operation of the grid. To assist distribution planners in quickly evaluating these 
requests, rules consisting of various “screens” have been developed. In California, 
this is known as Electric Rule 21. 

Electric Rule 21 is a tariff that describes the interconnection, operating, and 
metering requirements for generation facilities to be connected to a utility’s 
distribution system. The tariff contains several screens intended to flag projects 
that may have unintended impacts on the grid while also allowing projects that do 
not pose any issues to be fast-tracked through the interconnection process. One 
of the most frequently cited screens in Rule 21 is screen ‘M’, most often referred to 
as the “15% Rule”. This screen asks whether the aggregate facility capacity on the 
line section is less than 15% of line section peak load. 

The rationale behind the 15% screen is that at penetration levels below 15% it is 
unlikely to see adverse impacts of distributed generation. However, with the tran-
sition to grids that have increasing penetrations of renewables, more information is 

Residential PV inverters 
installed at PG&E Applied 
Technology Services 
Center in San Ramon, 
CA.
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needed to better understand potential impacts of distributed generation. Rule 21 
has undergone numerous revisions and the CSI RD&D Program has been critical 
in providing much needed data and analysis to identify the opportunities and risks 
that exist at higher penetration levels.

The Solicitation 3 project titled “Alternatives to the 15% Rule” begins with the 
premise that the 15% screen is a blunt instrument that does not accurately assess 
a feeder’s potential to accommodate PV. To prove this hypothesis, the project 
team first built a database of California feeder characteristics and used statistical 
techniques to group these feeders into clusters. Feeders from each cluster were 
selected for detailed analysis and computer simulations were run to quantify the 
“PV hosting capacity” of each feeder. The researchers found that a feeder’s ability 
to host PV can vary widely from less than 15% to almost 100% of the feeder’s 
peak load. Based on these findings, the team proposed alternative engineering 
calculations that more accurately quantify a feeder’s hosting capacity.

Just as utilities are investigating how to accommodate more PV on distribution 
systems, equipment manufacturers are researching ways to mitigate the impacts 
their technologies might have on the grid. The Smart Inverter Working Group 
(SIWG) grew out of a collaboration between the CPUC and the CEC in early 
2013 that identified the development of advanced inverter functionality as an 
important strategy to mitigate the impact of high penetrations of distributed energy 
resources8. Several members of the SIWG have been involved in CSI RD&D 
projects that have shed light on how the use of advanced inverters can allow for 
increasing penetrations of PV on the grid.

One important area of concern among grid operators is the risk that a PV system 
may continue to operate during a grid outage. This scenario is most commonly 
referred to as unintended islanding and can potentially damage equipment and 
create hazards to utility personnel. The Solicitation 3 project titled “Quantifying 
Risks of Unintended Islanding” sought to better understand not only the risk of 
islanding but also the probability of unintended islanding using sophisticated 
“hardware in the loop” experiments at PG&E’s Applied Technology Services facility. 
This seminal work provided valuable insights into islanding events and led PG&E to 
modify their interconnection approval process.

The decreasing costs of renewables combined with California’s ambitious climate 
goals will lead to continuous growth in behind the meter solar penetration. More 
than ever, utility planners need as much information as possible to make decisions 
to maintain the safety and reliability of the grid. The projects funded by the CSI 
RD&D Program have significant contributions to the advancement of interconnec-
tion policies. 

8	 http://www.cpuc.ca.gov/General.aspx?id=4154
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2.5

PV-COUPLED STORAGE FOR GRID 
INTEGRATION

Solar PV in combination with other distributed energy resources can increase the 
value of the solar resource to utilities and customers. Energy storage can enhance 
the benefits of solar by minimizing solar variability, reducing peak demand, and 
shifting a customer’s time of use to more favorable hours. Recent improvements 
in efficiencies and reductions in costs have led to a burgeoning storage industry in 
California. The CSI RD&D Program funded several research projects that provided 
key insights into the potential use and benefits of storage technologies.

The UCSD microgrid participated in a demonstration project that evaluated the 
energy impacts, costs, and benefits of advanced energy storage. Peak load 
shifting, PV firming, and grid support strategies were developed to test operational 
and economic viability and flexibility. The research findings suggest that distributed 
energy resources (DERs) paired with storage technologies can provide grid 
benefits, however changes in utility rate structures are needed to strengthen the 
business case for large commercial and industrial customers.

UCSD investigated 
whether battery energy 
storage system (BESS) 
controls could mitigate 
fluctuations in net load 
while reducing storage 
capacity requirements.

Residential communities that use solar PV can benefit from energy storage to 
“flatten” the load profile. Flatter load profiles are easier to serve and manage from 
a utility perspective. A CSI RD&D Solicitation 4 project led by EPRI found that the 
energy profiles of ZNE homes paired with energy storage provided significant peak 
reduction benefits to the distribution utility. However, in the absence of appropriate 
time-of-use tariffs, the economic value of storage to customers is low. Research 
performed by Energy and Environmental Economics (E3) with funding from CSI 
RD&D assessed the distribution grid impacts and economic benefits of behind-
the-meter PV integrated energy storage deployed at residential customer sites. 
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The team sought to demonstrate the demand response potential of controllable 
storage coupled with PV. Ultimately the researchers found that while energy 
storage can lead to reductions in overall grid demand and peak demand charges, 
the equipment costs are not always recovered by the customer.

The growth of solar PV in California shows no signs of stopping. Most recently, 
Governor Brown signed into legislation Senate Bill 350, which requires utilities to 
procure 50% of their electricity from eligible renewable energy resources by 2030. 
California will undoubtedly face new challenges as more and more distribution 
circuits reach high penetrations of PV. Moving ahead, the research funded by the 
CSI RD&D Program has shed light on important issues and will act as a launching 
pad for future grid integration research.
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At the start of the CSI RD&D Program, advancements were being made 
on photovoltaic (PV) production technologies including improvements to 
present-day commercial PV cells and modules, novel PV approaches that 
go beyond the performance limits of conventional designs and materials, 
and balance-of-system innovations. The two major types of systems being 
installed included flat plate modules (crystalline silicon and thin film) and 
concentrating photovoltaic systems (CPV). Flat plate silicon technology was 
the most prevalent in the market, however a silicon shortage that began in 
2005 made the CPV technology attractive to some investors and entrepre-
neurs. Concentrating photovoltaic systems use less silicon than conventional 
solar panels, which have historically dominated the market.

Financial investments for advances in PV production technologies were 
primarily industry-based and funded internally or with assistance from the 

SE
CT

IO
N 

3 Production 
Technologies

3.1
BACKGROUND
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Department of Energy (DOE). DOE-funded efforts also included university 
partners and other industry leaders. Given DOE’s large budget devoted to 
solar technology development, it was determined that the greatest opportunity 
for the limited CSI RD&D funding was to conduct field tests and demonstra-
tions to overcome technology barriers and realize the potential benefits of 
widespread deployments of these technologies and the associated business 
development for the state.

Senate Bill 1 describes CSI RD&D Program eligible technologies to include 
“solar technologies and other distributed generation technologies that 
employ or could employ solar energy for generation or storage of electricity 
or to offset natural gas usage.”  In general CSI RD&D funds could be used 
on research to increase the performance and/or efficiency of solar energy 
technologies, balance-of-system components, advanced meters, inverters, and 
energy storage.

The CSI RD&D Decision and Adopted Plan earmarked 10-25% of the 
research portfolio funding to production technology research projects. This 
smaller allocation of RD&D funds was made to technology development 
projects because this type of research can attract the larger pots of federal 
funding available as well as venture capital. The benefits to be gained from 
advancements in new technology are mostly private in nature rather providing 
an overall public good.

The CSI RD&D Program provided grant funding to four projects with a 
primary focus on improvements to PV production technologies. The improved 
PV production technologies focus included testing and demonstrations of 
new solar technologies and strategies for improved performance/reliability 
or lower costs. The projects funded in this focus area aimed to demonstrate 
the viability of distributed CPV,  PV paired solar thermal, and PV paired with 
energy storage.

3.2

CONCENTRATING PHOTOVOLTAICS

Several of the projects in the CSI RD&D Program’s production technology focus 
area conducted research on CPV. By concentrating the available solar radiation on 
smaller cell material, CPV systems provide for much higher efficiencies compared 
to traditional flat plate PV. This is both beneficial to reducing system costs with 
less cell material requirements as well as more energy production in a given area. 
However, the market place lacked data on the reliability and long term performance 
of CPV systems to attract funds from financial institutions. The availability of long 
term performance data would help establish the bankability and reliability of CPV to 
possible investors.

To overcome this barrier, the CSI RD&D Program funded a CPV research project 
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with Solaria, which manufacturers solar cells that produce about 90% of a 
conventional solar panel's power, while using half as much silicon. Demonstrations 
were conducted at two California sites (Fremont and Dublin) with detailed data 
collection, analysis and reporting on the performance of the systems with the 
goal of convincing investors and the financial community of the viability of this 
technology. Both demonstrations used Solaria modules with various tracking 
technologies.  Looking at different trackers allowed for comparison across a range 
of industry applications and offered higher granularity of the Solaria module cost 
and performance characteristics and to validate the optimum tracker technology 
for the Solaria modules in a given application. One key aspect of determining 
financial performance is the ability to accurately estimate energy production (yield) 
over time, and therefore, a project’s cash flow.  This research project demonstrated 
that energy production estimates can be reliably predicted, providing confidence 
to the financial community. The performance data from this research project has 
helped Solaria initiate new CPV projects throughout the world.

Solar PV Tracking System 
at Solaria's Headquarters in 
Fremont, California

In addition to the bankability of CPV, other barriers include long-term reliability and 
performance uncertainty along with potential issues with integrating the technology 
into the electricity grid. Research conducted by Amonix was funded by a CSI 
RD&D Program grant to address these obstacles. Amonix developed a high-
concentration photovoltaic (HCPV) system that uses lenses to focus 500-times 
incident sunlight onto small, highly efficient PV cells. Amonix installed two of its 
systems at the University of California Irvine (UCI) campus and this site was used 
to study grid integration of HCPV and for studies of CPV reliability with the National 
Renewable Energy Laboratory (NREL). The performance of the HCPV systems was 
monitored along with associated circuits on the UCI electric infrastructure. In terms 
of HCPV penetration limits, the researchers found that only when HCPV capacity 
reached ten times the baseline-installed capacity did effects on the circuit become 
noticeable. NREL also conducted accelerated testing and compiled field data to 
evaluate the reliability and lifetime of HCPV technologies. A thermal fatigue model 
was developed to predict HCPV solar cell lifetime and the model became the basis 
for the first international lifetime reliability standard for HCPV. The research project 
identified no major barriers to HCPV’s distribution grid integration or issues with the 
long-term reliability of HCPV.
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3.3

PHOTOVOLTAICS AND SOLAR THERMAL

Cogenra, a solar manufacturer, had developed, prototyped, and validated the 
technical performance of an innovative concentrating photovoltaic /thermal 
co-generation technology. Using their first-generation system as the baseline for 
performance modeling and evaluation, Cogenra conducted an 80-kW demon-
stration at the Sonoma Wine Company. Improved manufacturing and assembly 
methods were tested and the system design was modified to support delivery of 
higher temperature water, enabling tri-generation of electricity, heat, and cooling. 
As a result of this research, the materials, installation, and operational cost of the 
Cogenra system were reduced 50% from the baseline product installed at Sonoma 
Wine Company. The Cogenra energy models were validated and refined with a 
demonstrated 97% accuracy. A return on investment tool was developed that uses 
the energy models to provide detailed and validated project financials. The modifi-
cations that support tri-generation of electricity have expanded the market for this 
technology to commercial, institutional, and industrial sites that require cooling and 
limited hot water. 

“It’s up to companies that are 
both visionary and savvy, like 
Cogenra, to set us on the right 
path to decrease our use of 
fossil fuels and build a more 
sustainable future."

Tony Blair
Business Wire, 11/5/2010

Left: Former British Prime Minister Tony Blair 
at Cogenra Solar commissioning celebration.

Demonstrations of innovative hybrid solar (PV/thermal (PVT) technologies were 
also conducted for residential and multifamily applications by researchers at the 
University of California, Davis. Data from the systems were used to assess the 
performance and energy savings when compared to existing means of hot water 
production. The researchers found that both flat-plate PVT and solar concentrator 
PVT are available in the market with flat-plate PVT having lower efficiency but 
better adapted to the roofs of individual houses or buildings. Concentrated solar 
PVT had greater energy output but also required a tracking system, which could 
make it cost-prohibitive for residential applications.
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3.4

STORAGE

SunPower Corporation conducted research on the integration of three energy 
storage systems in combination with existing PV systems for commercial custom-
ers with the overall goal of demonstrating that the integration of PV and energy 
storage is of higher value than either technology alone. This research project 
encountered numerous site, design, vendor, and installation issues along the way 
and the original research intent was not realized. The project was able to install an 
Ice Energy storage system at a Kohl’s store in Redding, California, with no issues 
or delays. This demonstration assessed storage operations, performance, reliability 
and impact of electricity demand and found that while the energy storage system 
could have a positive return for the customer, there was no particular synergy 
when coupled with solar generation.

The SolarCity team explored pairing Tesla Motors' vehicle battery technology with 
new or existing PV systems in both residential and commercial applications. Early 
prototype and pilot phases of the research were crucial to the development of the 
Tesla lithium-ion battery product and to the selection of accompanying communi-
cations, controls, and equipment. Nine demonstrations were conducted to study 
system performance, economic, reliability, and carbon reduction impacts. In this 
case, the researchers found that PV in combination with grid-interactive storage 
can provide cost savings for utilities, ratepayers, and customers and reduce 
carbon emissions while also supporting the utility grid.

University of California, Davis researched the use of second life Li-ion batteries for 
stationary applications at West Village. These batteries, formerly used in electric 
vehicles (EV), were deployed to an existing home to evaluate the grid benefits of 
PV storage and to a commercial EV charging application where stored PV energy 
is used to charge electric vehicles. The key findings from these demonstrations 
included difficulty with system permitting and that no turn-key solution is available 
in the market. Second life battery storage was found to be effective in providing 
load shifting in a residential application, however the load-shifting benefits were 
accrued to the utility and grid and not to the customer.

UC Davis West Village 
Initiative second life Li-ion 
batteries

The research and demonstrations conducted with CSI RD&D funding provided field 
data to validate the long-term performance and bankability of CPV technologies 
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as well as addressing any potential issues with integrating the technology into the 
electricity grid. New insights were gained on cutting-edge hybrid solar/thermal 
applications for the residential single family and multifamily sector. Demonstration 
projects that assessed the bundling of PV with various energy storage technolo-
gies resulted in possible cost savings to customers and utilities and contributed to 
greenhouse gas reduction goals. Continued effort is needed on addressing barriers 
to realize widespread adoption of these technologies.



33 

The Business Development and Deployment focus area, as defined in the CSI 
RD&D Plan, includes activities and approaches that support the solar market and 
end users. These new or innovative business practices are centered on improving 
the economics of solar to help in meeting the goals of the California Solar Initiative. 
As distributed PV provides a larger piece of California’s electricity resource, the 
technology is reaching the ‘tipping point” making it competitive with retail electricity 
from the grid. This occurred because of technology innovations and a steady 
decline in costs. Maximizing the value of distributed PV has entailed a reduction 
in costs for manufacturing, designing, developing, and installing solar PV projects. 
Increasing the efficiency and streamlining the supply chain results in less hassles 
and complexity for the customer and a greater likelihood that a given project will 
come to fruition.

Distributed solar PV also provides additional value to customers and utilities with 
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the delivery of new energy services and added grid support. PV bundled with 
complementary technologies such as real-time data and predictive modeling, 
demand response, advanced inverters, or distributed storage can enhance the 
value of PV by shifting peak load, helping to firm the intermittency of PV, as well 
as ancillary services support. Utilities can capture additional value by locating PV 
in strategic locations to reduce grid congestion which improves the reliability and 
quality of electric service.

As the costs for new innovative technologies drop, these technologies become 
more accessible to a wider customer base. New technologies paired with PV can 
also improve energy services to end users, including energy efficiency, demand 
response and ‘smart home” technologies, energy storage, home energy man-
agement systems and plug-in hybrid and electric vehicles. These complementary 
technology packages can add more customer value together than on their own. As 
the distributed PV market matures, system owners may have the ability to identify 
and capture multiple PV value streams, some of which may not exist today.

The CSI RD&D Plan allocated 10-20% of the research funds to the Business 
Development and Deployment focus area. The Plan noted that this focus area was 
more likely to attract funding from federal and private entities and venture capital 
than the grid integration focus area. Five research projects with a primary focus 
on Business Development and Deployment received funding from the CSI RD&D 
Program. These research projects sought to find innovative solutions to reducing 
the cost of installed systems as well the seamless integration of PV into the utility 
grid.

4.2

COST REDUCTION APPROACHES

PV panel costs have seen a significant drop in the last 10 years and this trend is 
expected to continue. The remaining Balance of System (BOS) costs are for the 
inverter, labor, components, engineering, interconnection and permitting. To see 
additional meaningful reductions PV system costs requires new innovations or 
business practices and models that address manufacturing, supply, and installation 
of PV systems.

SunLink, a provider of PV mounting and balance-of-system components used 
CSI RD&D funding to research several cost and time-saving approaches including 
reduced PV array design time, optimized designs for small commercial PV sys-
tems, reduced permitting costs, and manufactured array harnesses and matching 
combiner boxes to reduced ‘on-roof’ time. A suite of integrated design tools for 
layout and model generation were implemented that significantly reduced the time 
required for structural and project engineering of a typical roof-mounted commer-
cial installation. To further lower costs of roof-top PV, SunLink conducted seismic 
tests of unattached PV mounting installations in areas of high seismic activity. The 
results showing that unattached PV arrays can be safely and predictably utilized 
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in regions with seismic activity. A database of local permitting requirements was 
developed which facilitates the delivery of documentation to meet the requirements 
of local permitting agencies in California. The innovations from this research 
expanded the range of contractors that can successfully install fully engineered PV 
installations, including general and electrical contractors.

Similarly, the Solicitation 2 funded BIRAenergy project demonstrated reduction 
in installed cost using GE's plug and play PV modules. The reduced time and 
need for trained personnel on the roof brought down installed cost for residential 
systems to under $3 per wattAC. These new business practices have also resulted 
in PV system cost reductions for system design, installation and permitting.

4.3

BUSINESS MODELS

Another avenue for PV system cost reductions is in the planning, assessment, 
and procurement of distributed solar PV. High upfront costs and a lack of 
technical expertise prohibit many entities from identifying potential projects and 
fully assessing options. Public agencies are motivated to adopt solar PV, however 
may lack the technical knowledge and upfront funds for a PV system. To address 
this barrier, the CSI RD&D Program provided grant funding to Strategic Energy 
Innovations (SEI) and Optony for the “Solar Energy & Economic Development 
(SEED) Fund” Project. The SEED Project conducted demonstrations of an innova-
tive solar procurement business model that utilizes a public-private revolving fund 
mechanism to support public entities in adopting solar technologies. The SEED 
team performed the early tasks of solar potential assessments, vender solicitations 
and evaluations requiring no upfront cost to participating agencies. The SEED fund 
is then reimbursed through solar contracts that are developed by the participating 
agencies with vendors. These repayments are the funding mechanism that 
supports iterative rounds of collaborative procurement for public agencies. The 

SunLink designed the 
roof-mounted PV array 
at Alcatraz Island, San 
Francisco, Califorinia.
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SEED project demonstrated that a 1-2% upfront investment in collaboration results 
in 10-12% project cost savings, lower project risks with higher returns, reduced 
transaction costs, and reduced administrative efforts.

New business approaches are being developed that pair complementary tech-
nologies and result in greater savings and customer value when combined than if 
they stand on their own. One such pairing is the combination of distributed PV with 
plug-in electric vehicles (PEV). In response to the growth in the PV and PEV market 
in California, Clean Power Research developed a web-based tool that customers 
can use for decision-making for PV and PEV. The Solicitation 5 research project, 
“Distributed Solar and Plug-In Electric Vehicles: An Interactive Software Platform” 
resulted in WattPlan9. WattPlan helps customers assess their savings potential 
with PV and PEV. The tool’s personalized analysis, tailors results for each user 
and includes analysis about the economic, energy and environmental savings of 
investing in an electric vehicle plus solar PV.

4.4

FINANCIAL ANALYSIS FOR VALUE 
STREAMS

Another business development solution, combining distributed PV with energy 
storage, can result in peak demand reductions and system-wide grid network 
benefits. The output variability of solar energy can pose operational challenges 
for the electricity grid; however, PV coupled with energy storage can reduce this 
variability. The ability to firm intermittent renewable resources is of value to utilities 
as well as a reduction in the need for conventional ancillary services.

SolarCity, in partnership with Tesla, conducted demonstrations at nine sites to 
assess system performance along with economic, reliability, and carbon reduction 
impacts of their PV paired with energy storage (FirmPV) product. Customer 
benefits were analyzed along with storage financing methods, PV variability, retail 
and distribution benefits, and methods to monetize FirmPV value. The knowledge 
gained during this project, along with the inclusion of storage projects in the 
CPUC’s Self Generation Incentive Program (SGIP) have enabled SolarCity and 
Tesla to bring both commercial and residential energy storage products to market. 
Over a hundred of these systems have been installed across California and both 
companies are continuing to explore the value that energy storage can provide 
when packaged with new or existing PV.

9	 https://csi.wattplan.com/ev/
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PV in combination with other distributed energy resources (DER) can enhance the 
value of the solar resource to utilities and customers. Commercial and industrial 
loads have significant technical potential to provide renewables integration strate-
gies in California, however one of the barriers to fully integrating renewable energy 
and distributed energy resources into the electricity grid is the uncertainty of the 
availability and delivery of the energy resource at the time of need. To address this 
barrier, Viridity Energy received funding to research how optimizing and managing 
DER dispatch schedules in real time and planning time horizons, coupled with 
changes in incentives and tariffs can cost-effectively support the integration of 
high penetrations of solar PV. The demonstration site for this research was the 
University of California, San Diego microgrid. Peak load shifting, PV firming, and 
grid support strategies were developed to test DERs operational and economic 
viability and flexibility. The research findings suggest that DERs can provide 
cost-effective integration services; however program design changes are needed 
to strengthen the business case for large commercial and industrial customers. 

Each of the five projects funded from the CSI RD&D Program, Business 
Development and Deployment focus area contributed important knowledge to help 
overcome technology adoption barriers. Each project used a different strategy to 
demonstrate that distributed PV can have multiple value streams or cost reduction 
approaches to assist in making it cost competitive relative to traditional grid power.

The CSI RD&D Program 
funding allowed for the 
development of prototypes 
that became commercial 
products.

(Top): Initial prototype in clear box, 
with SMA inverter in foreground

(Bottom): Proof of concept 
packaged for field deployment

The Tesla GTB-X 10kWhr Grid-tied Battery 
began commercial production in Q2 2013.
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Distributed Energy Resources (DER) Integration was not a focus area specified by 
the CSI RD&D Plan, but for the purposes of categorizing the research projects in 
the portfolio, was found to be a useful grouping. The projects in this focus area 
address the integration of all distributed resources, including energy efficiency, 
demand response and energy storage coupled with distributed PV. 

For utilities, energy efficiency (EE) and distributed PV can help defer the need 
to build additional peaking generation and transmission and distribution system 
infrastructure. For utility customers, distributed PV provides more control over 
energy costs. Installing a PV system is one of a number of options available to 
these customers. Their other choices include energy efficiency, energy storage, 
and demand response alone or bundling these options together. Energy efficiency 
provides the most cost-effective means for addressing energy use within a home, 
business or community. Implementing energy efficiency measures not only reduces 
electricity demand but also helps reduce the size and required capital for a PV 

5.1
BACKGROUND
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system.  

Changing load profiles from high efficiency zero net energy (ZNE) buildings, 
enhanced demand response (DR) capabilities for reducing peak, the high 
penetration of distributed generation (DG), especially solar PV, present a new set of 
challenges for the grid. By conservative estimates the solar market for residential 
new construction alone will need to increase 50-fold to meet the state’s ZNE goal 
by 2020. An even larger proportion of distributed generation is expected from 
other market sectors, increasing the challenges the utilities face in managing the 
electricity grid. 

 The CSI RD&D funded research in DER integration can be divided into two 
categories; the tools that enable DER integration (ZNE tools); and the demonstra-
tion projects that serve as real-world case studies for DER integration.

5.2

DER INTEGRATION TOOLS

A big part of tackling the integration of solar and other demand side resources 
begins with the tools that support design, analysis and decision-making. The 
existing tools in the market are typically not integrated to provide a complete and 
holistic building design that incorporates all DER options and their interactive 
effects. One problem with existing tools was the lack of a common platform for 
sharing information about customers, buildings, energy use, projects, products 
and services. The lack of a common data format for integrated energy project 
information prevents easy data transfer between software tools, resulting in 
redundancies, data entry errors and higher contractor and customer costs.

The Integrated Energy Project (IEP) model, a Solicitation 1 grant to kW 
Engineering, enabled the capture of best practices for integrating energy efficiency 
measures with PV system deployment. The IEP Model introduced a common 
language and definitions to project stakeholder software applications for assessing 
energy efficiency, demand response, and solar PV projects. This data model aimed 
to simplify and streamline the procurement process, reducing time and costs for 
both the consumer and contractors, producing a better return on investment for 
both, and removing a key market barrier for the adoption of both efficiency mea-
sures and PV. Since its development, the team has had traction for the use and 
further development of the model through DOE funding and interest from industry 
groups such as the SunSpec Alliance10.

10	 http://sunspec.org/
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Tools that can accurately model and optimize for energy efficiency and solar 
energy are essential for the state to reach its ZNE goals. NREL has been working 
on such a tool called the Building Energy Optimizer (BEopt) focused on the design 
decision stage for residential new construction. However, the ability to conduct 
the same analysis for the residential retrofit and multi-family markets unlocked a 
huge potential in the existing building stock. To address these needs, the National 
Renewable Energy Laboratory (NREL) was funded under Solicitations 1 and 5 to 
conducted the “BEopt: Modeling Capabilities for Zero Net Energy Single-Family 
and Multifamily Homes in California” projects. Utility cost tests were added to the 
tool and enable utility program planners with the ability to develop preferred cost 
optimal packages of EE, DR, and PV in planning and designing demand-side 
programs for single-family and multifamily buildings. BEopt is also serving as a 
valuable tool for developing new measures for California’s 2019 Title 24 Zero 
Net Energy standards for both single-family and multifamily building types. This 
is critical to make the tool of value to builders, contractors, design professionals, 
home rating entities and utility programs.

5.3

DER INTEGRATION DEMONSTRATIONS

Zero net energy is still relatively nascent and field demonstration projects are 
required to make the goal feasible to stakeholders. Field demonstrations are a 
key component of the CSI RD&D Program. Several research projects conducted 
site demonstrations integrating solar generation into the grid and exposing real 
world challenges that must be overcome to meet the California’s solar goals. 
These challenges range from regulatory barriers, to the logistics of bring hardware 
together and getting interconnected to the grid.

Service

Provider
ContractorCustomer

Engineer

Finance

QC 
Inspector

Site 
Auditor

Marketer

Incentive 
Admin

The IEP model is designed 
to capture and share 
common information among 
all involved stakeholders.
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One of the homes in the 
Meritage ZNE community 
in Fontana, California.

The impact that wide implementation of ZNE will have on the electricity grid is 
not well known. To address this, the Electric Power Research Institute (EPRI) 
was funded under for the “Demonstration of Locally Balanced Zero Net Energy 
Communities” project. EPRI, working with Southern California Edison and 
homebuilder Meritage, studied the impacts of a ZNE neighborhood on the local 
distribution system. The team developed ZNE packages including energy efficiency 
measures, home energy management systems, energy storage, demand response 
and PV in the 20 ZNE demonstration homes. The project provided an opportunity 
to train the home sales staff on educating prospective customers on what zero 
net energy means, and on the innovative technologies installed in the homes. 
Modeling approaches were used to predict the impacts on the distribution system 
and demonstrated how these DER strategies can mitigate possible grid issues. 
The demonstration setting generated rich data that utilities can use as they plan to 
address a ZNE future.

Ribbon-cutting ceremony at the Meritage ZNE 
community in Fontana, California in April 2015.

Meritage Homes Learning Center describes 
the features of the ZNE homes.
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The West Village Energy Initiative (WVEI) project at the University of California, 
Davis (UCD), is one of the first large scale communities that aims to be ZNE 
through energy efficiency and on-site generation. CSI RD&D provided funding 
to conduct financial analysis of comparing community solar as well as individual 
home level PV generation. While community solar was not found to be cost 
feasible in the current financial incentive and tariff environment, the analysis and 
financial modeling tools developed are of value to other communities considering 
this option. The team documented regulatory barriers to adopting alternative 
business models, including net energy metering, virtual net metering, and utility 
policies and incentive programs. The UCD team also demonstrated and assessed 
advanced technologies including combining PV and solar thermal as well as the 
control strategies for batteries and an evaluation of advanced metering infrastruc-
ture for the ZNE community. West Village continues to serve as a living laboratory 
and the host site for several research projects funded by the California Energy 
Commission and the Department of Energy.

West Village at UC Davis is one of the first large-scale communities that aims to be ZNE 
through energy efficiency and on-site generation.

West Village is a mixed-use campus community with student housing, 
research facilities, retail, and a community college, with plans for single 
family homes. 

One of the multi-family units with both photovoltaic and PVT panels.
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In addition to demonstrations at a community scale, individual home demon-
strations provided rich data and insights into the challenges of adopting and 
implementing emerging technologies. Several CSI RD&D residential demonstration 
projects identified barriers to DER integration. These barriers include the lack of a 
favorable tariff structure conducive to make energy storage cost effective for end-
use customers and control algorithms to optimize storage from a customer, utility 
and public good perspective. Gathering data and use profiles for homes provided 
the opportunity to project the future load profiles and the potential to analyze and 
optimize them to support grid reliability and safety.
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Often research programs produce reports that sit on shelves and the research 
results do not make their way to the audience that can act on the findings. 
One of the key components of the CSI RD&D Program implementation was 
sharing and distributing the knowledge gained from the research to the 
widest audience possible. This effort began at the project solicitation stage 
where prospective grantees were asked to define the audience or customer 
for their research and this component was included in the proposal evaluation 
criteria. Every successful grant included outreach and information dissemi-
nation tasks to ensure that the research findings were fully disseminated to 
interested stakeholders.

In addition to the results dissemination conducted by the CSI RD&D research-
ers, Itron also performed many programmatic outreach and technology 
transfer activities. These efforts included developing a program website, 

6.1
BACKGROUND
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The CalSolarResearch.ca.gov 
website provides information 
about the CSI RD&D Program 
activities, including the 
program’s history and funded 
project updates.

conference papers, presentations and articles and collaboration with project 
partners.

6.2

PROGRAM WEBSITE

One of the first tasks for the CSI RD&D Program was to develop a website to host 
program and project content and to share information about the program and 
upcoming solicitations. The Program website can be found at calsolarresearch.
ca.gov.

A program contact list was developed and maintained throughout the eight years 
that Itron managed the program, and interested parties could sign-up to be placed 
on this list to receive information and updates on the program activities. E-mails 
were sent to the CSI RD&D Program contact list, and, as appropriate, to service 
lists maintained by the CPUC and CEC. Emails were sent to announce the latest 
updates, upcoming solicitations, events, and research project webinars.

Each research project funded from the CSI RD&D Program has a webpage with 
contact information, summary of the research, and all project deliverables and 
documents. These deliverables include all task reports, presentations, data, journal 
articles, conference papers and presentations, the final project report, and the final 
project webinar recording. This information will remain available and accessible 
beyond the term of the CSI RD&D Program.

http://CalSolarResearch.ca.gov
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6.3

CONFERENCE PAPERS AND 
PRESENTATIONS

Itron, on behalf of the CSI RD&D Program, prepared conference papers, posters, 
and presentations to share information on the Program and the research projects. 
Presentations were made at the following events:

The website was not only used as an information dissemination tool, but also 
allowed interested parties to contact the CSI RD&D Program to ask questions or 
request additional information. The website was used for prospective grantees 
to submit proposals for the various program solicitations. Prospective grantees 
uploaded their proposal on the secure site and received a confirmation e-mail 
upon successful submission. 

A formal evaluation of the CSI RD&D Program website was not conducted, 
however limited data is available on website traffic. Table 6.1 below shows the 
most visited pages on the CSI RD&D Program website in terms of hits. These 
pages include the two High Penetration Solar Forums, Program background and 
Program solicitations.

CPUC-DOE High Penetration 
Solar Forum

Page hosting the presentation slide decks and 
recordings from two High Penetration Solar Forums

3/18/2011

Page Title Description Since Date

Table 6.1: Most visited CSI RD&D Program website pages.

Hits

24,072

Latest Updates The landing page for the website, which announces all 
current items including solicitations and webinars

9/17/2009 17,492

Frequently Asked Questions Program FAQ 12/9/2008 14,063

CSI RD&D Second Grant 
Solicitation

Webpage for the second solicitation 1/23/2009 13,819

CSI RD&D History Background information on the CSI R&D Program 1/23/2009 13,303
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December 2010: Poster titled “Integration of PV into the Electricity Grid, Research 
funding by the California Solar Initiative, Research, Development, Demonstration 
and Deployment Program” Presented at the International Conference on 
Integration and Distributed Energy Resources in Albuquerque, New Mexico.

May 2011: Paper and presentation titled “Research Funded by the California Solar 
Initiative’s Research, Development, Demonstration and Deployment Program 
Creating a Sustainable Solar Industry by 2016” presented at the 2011 Annual 
Conference for the American Solar Energy Society in Raleigh, North Carolina.

May 2012: Presentation titled “Integration of PV with EE, DR and ES – Tools and 
Approaches towards ZNE” presented at the 2012 Annual Conference for the 
American Solar Energy Society in Denver, Colorado.

January 2013: Presentation titled “California Solar Initiative RD&D Program” 
presented at the California Public Utilities Commission, Electric Program 
Investment Charge January 17, 2013 Workshop in San Francisco, California.

July 2014: Paper and presentation titled “Grid Integration Challenges for a Zero 
Net Energy Future” presented at the 2014 Annual Conference for the American 
Solar Energy Society in San Francisco, California.

Oct 2015: Presentation titled "Lessons Learned from the CSI RD&D Program on 
Integrating High Penetration Solar PV and the Role of the Smart Grid" presented at 
the Itron Utility Week Users Conference in Los Angeles, California.

6.4

ARTICLES

The California Solar Initiative distributed a quarterly newsletter11 from March 2013 
through the end of the CSI Program in 2016. The newsletter was widely distributed 
to over ten thousand interested stakeholders. Fifteen articles on the research 
projects and the overall CSI RD&D Program were included in the newsletter over 
its publication period. The publications dates and article titles can be found in Table 
1 of the Appendix.

In Oct 2015, the CSI RD&D Program Manger was interviewed for an article12 in 
EnergyBiz, an online publication. The article highlighted the role of grid integration 
in the large deployment of distributed solar in California.

11	 http://www.gosolarcalifornia.ca.gov/news_media/newsletter/

12	 http://www.energycentral.com/o/energybiz/grid-integration-puts-california-ahead-solar-goals
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6.5

WEBINARS

One of the most important outreach strategies used for of the CSI RD&D Program 
were webinars. Webinars were planned, scheduled, and advertised in advance 
to maximize participation. The CSI RD&D Program held webinars for two main 
purposes; to present each program solicitation and answer questions and to share 
information and findings from the research projects.

A pre-bid webinar was held in conjunction with Solicitations 1 through 4 to provide 
information about the solicitation and to address questions from prospective 
grantees. During the webinar, a presentation was made that included a summary 
of the solicitation, proposal and submittal requirements, proposal screening, 
review, and selection processes. Questions submitted by participants were also 
addressed both verbally during the webinar and in-writing after the webinar. These 
webinars were recorded and the recording and presentation were made available 
on the program website following each webinar.

Webinars were also one of the key outreach strategies used to disseminate infor-
mation and findings from the solar research being conducted through the program. 
Table 6.2 below is a shortlist of webinars with highest attendance. A full list of all 
pre-bid and grantee webinars hosted by the program can be found in Tables 2 and 
3 in the Appendix. A few research projects held webinars at key project milestones 
to share interim findings and gather feedback from key stakeholders. Final project 
webinars were held at the end of most research projects.

Beopt-CA (EX): A Tool for Optimal Integration 
of EE/DR/ES+PV for California Homes

National Renewable Energy 
Laboratory/Davis Energy Group

DER 
Integration

Webinar Title Grantee Topic Area

3/5/14

Date

130

Number of 
Attendees

Demonstration of Locally Balanced ZNE 
Communities Using DR and Storage and 
Evaluation of Distribution Impacts

Electric Power Research Institute DER 
Integration

9/16/16 127

Analysis to Inform California Grid Integration 
Rules for PV

Electric Power Research Institute Grid 
Integration

5/26/16 89

Table 6.2: Grantee Webinar Shortlist

Quantifying Unintended Islanding Risks 
and Interconnection Requirements for High 
Penetration Photovoltaics

General Electric Grid 
Integration

7/22/15 70

Screening Distribution Feeders: Alternatives 
to the 15% Rule

Electric Power Research Institute Grid 
Integration

7/24/15 51
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A total of 27 webinars were held from 2009 to 2016. Each of the webinars were 
recorded and the webinar presentations and recordings were made available on 
the program website following the webinar.

6.6

HIGH PENETRATION SOLAR FORUMS

In coordination with the Department of Energy’s (DOE) SunShot Program, the 
CPUC hosted two High Penetration Solar Forums at Scripps Institution of 
Oceanography, UC San Diego. The purpose of the forums was to bring together 
the solar energy research community, industry experts, utilities, government 
entities and other interested stakeholders to present research on solar forecasting, 
modeling and simulation of high penetration PV, and software and hardware tools 
that aid utility operations and planning. The forum also included presentations 
on research focused on streamlining the utility interconnection process and the 
value of energy storage in combination with PV. The research projects showcased 
were funded through the DOE's Solar Energy Technologies Program and the 
CPUC’s California Solar Initiative's Research, Development, Demonstration, and 
Deployment Program.

The first High Penetration 
Solar Forum was held 
March 1-2, 2011 in San 
Diego, CA.

“The DOE/CPUC workshop was a great opportunity for both organizations and the stakeholder 
community to work together to accelerate the research that will enable the greater deployment of solar 
technologies on the grid."

Kevin Lynn

Director, Grid Integration at DOE



50 

The first High Penetration Solar Forum was held March 1-2, 2011 with 185 in 
in-person attendees. To further extend the reach of the Solar Forum, the event 
was broadcasted live and had 141 webcast attendees. Please see Table 4 in the 
Appendix for the agenda for the March 1-2, 2011 Solar Forum.

A second Solar Forum was held on February 13-14, 2013, and the agenda can 
be found in Table 5 in the Appendix. Based on the success of the first event, 
the second forum followed the same meeting format and was attended by 189 
participants. As with the first, the second forum was also webcast broadcasted 
live and all presentations and webcast recordings were made available on the CSI 
RD&D Program website following the forum.

“Examining the issues and barriers of high penetration PV is a high priority for the 
CPUC’s California Solar Initiative (CSI), RD&D Program."

Melicia Charles

California Public Utilities Commission

The High Penetration Solar 
Forum planning team from 
CPUC, Itron, DOE and UC 
San Diego.

6.7

PARTNERSHIPS AND COORDINATION

The research projects that received funding from the CSI RD&D Program included 
a rich set of project partners including California’s Investor-Owned Utilities (IOUs), 
municipal utilities, the California Independent System Operator, and utilities in 
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other states. Partners also came from federal agencies and national laboratories, 
state energy offices and local governments, universities, research labs, trade 
organizations, product manufacturing and consulting and engineering firms. A full 
list of CSI RD&D project partners can be found in Table 6 of the Appendix.

The CSI RD&D Program coordinated with key stakeholders on a regular basis. One 
such opportunity was the kick-off meetings held at the start of each round of new 
research projects. The CPUC, DOE and the CEC participated in these meetings 
as well as utilities and the key stakeholders for each of the research projects. The 
purpose was to make the stakeholders aware of the upcoming research so that 
further coordination could occur and results could be disseminated. The research 
also benefited from the feedback on proposed tasks to add more value to the 
research and deliverables.
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The CSI RD&D Program, created through the SB1 legislation, operated from 2008 
through 2016 which was a pivotal period for the solar industry in California. At the 
start of the CSI RD&D Program, installed PV capacity in California had grown to 
nearly 140 MW. By the end of 2016, California had installed approximately 5,000 
MW of residential and commercial solar, which far exceeded the 3,000 MW CSI 
goal outlined in SB1. Installed costs for PV have continued to decline over time. At 
the start of the CSI RD&D Program in 2008, the installed cost of a residential PV 
system averaged approximately $9/watt. At the end of 2016, the average installed 
cost of a PV system dropping to approximately $5.50/watt, making the technology 
accessible to more consumers. The continued growth in the solar industry despite 
declining incentives is a testament to achieving a mature and self-sustaining solar 
industry in the state.

During the term of the CSI RD&D Program, other California rate-payer funded 
research in the state was transitioning from the California Energy Commission’s 
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CT
IO

N 
7



53 

Public Interest Energy Research Program, to the California Public Utilities 
Commission established Electric Program Investment Charge (EPIC) Program, 
which began operations in 2014. The EPIC Program provides $162 million annually 
for research on next generation clean energy technologies.

Since its inception, the CSI RD&D Program had played a critical role in spurring 
development of more cost-effective solar technologies by validating system 
performance, reducing costs and pairing solar with other complementary technol-
ogies. New and innovative business models and financial analysis have expanded 
the reach of PV into the residential and commercial markets. 

The work on grid integration has led to key findings in solar forecasting and 
resource planning and helped the state’s utilities improve the process of intercon-
nection and industry standards development. CSI RD&D grid integration research 
has set a foundation by which the increasing rapid growth of PV in the grid could 
be accommodated to provide customer, utility, and public benefits.

The CSI RD&D Program research portfolio is far-reaching, as can be seen in the 
CSI RD&D Research Briefs document. As the Program ends, there is pride in leav-
ing a wealth of valuable and relevant research funded through the modest budget 
of $50 million over 8 years. The efficacy of research programs is not only measured 
in successful projects where the original intent was met or exceeded, but also with 
the projects that did not pan out. The acquired experience from projects that did 
not achieve their intended goals, contribute to the knowledge base and can serve 
as a starting point for future research efforts. 

Many of the research projects funding by the CSI RD&D Program have received 
additional or follow-on research funding from the Department of Energy and the 
California Energy Commission. A list of projects with known follow-on work and 
funding is provided in Table 7 of the Appendix.
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APPENDIX

Mar-Apr 2013 High Penetration Solar Forum

CSI Newsletter Article Title

May-Jun 2013 CSI RD&D Seeks Public Comments

Jul-Aug 2013 PG&E and GE to Study Islanding

Sep-Oct 2013 CSI RD&D Small Grant Solicitation

Table 1: CSI Newsletter Articles related to CSI RD&D activities.

Q1 2014 Grid-Interactive PV and Storage

CSI RD&D NEWSLETTER ARTICLES

Q1 2015 Methods for Screening Distribution Feeders

Q1 2015 SEED Fund Helps Public Agency Solar

Q3 2015 Is PV and EV Right for Me?

Q4 2015 New Features Enhance Beopt Modeling Tools

Q2 2016 Get the Right Settings for PV Inverters

CSI RD&D Smart Inverters

Q3 2016 CSI RD&D: PV Integrated Storage

Q3 2016

Q2 2014 Seven RD&D Awards Approved

Q3 2014 Advanced Technologies at UC Davis

CPUC Approves Six RD&D GrantsQ1 2014

Q4 2015 Grid Integration Puts California Ahead on Solar Goals

Q3 2016 CSI RD&D: PV Integrated Storage
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11/18/2009 103

8/2/2011 74

6/27/2013 83

CSI RD&D WEB INARS

Solicitation 1 Pre-bid webinar 7/23/2009

Webinar Title Date

Data unvailable

Number of Attendees

Table 2: Pre-bid webinars

Solicitation 2 Pre-bid webinar

Solicitation 3 Pre-bid webinar

Solicitation 4 Pre-bid webinar

Economic Model Presentation - CSI RDD 
West Village Project University of California, Davis DER Integration

Webinar Title Grantee Topic Area

2/14/2012

Date

26

Number of 
Attendees

Viridity Model demo - CSI RDD Project Viridity
Business 
Development and 
Deployment

2/16/2012 37

Advanced Modeling and Verification for High 
Penetration PV Clean Power Research Grid Integration 4/10/2012 NA*

IEP Model kW Engineering DER Integration 4/23/2012 28

CSI RDD Program - Cogenra webinar Cogenra
Production 
Technologies 12/12/2012 33

Reducing California PV Balance of System 
Costs By Automating Array Design, 
Engineering, and Component Delivery

SunLink
Business 
Development and 
Deployment

12/18/2012 NA*

Table 3: Grantee Webinar List (Continues on next page)

* Attendance data not available



56 

Webinar Title Grantee Topic Area Date
Number of 
Attendees

Beopt Utility Cost Test Presentation to 
Utilities

Davis Energy Group/
National Renewable Energy 
Laboratory

DER Integration 1/23/2013 11

Improving Economics of Solar Power Through 
Resource Analysis, Forecasting, and Dynamic 
System Modeling

University of California, San 
Diego Grid Integration 5/21/2013 NA*

Development and Analysis of a Progressively 
Smarter Distribution System University of California, Irvine Grid Integration 6/4/2013 NA*

High Penetration PV Initiative Sacramento Municipal Utility 
District Grid Integration 6/5/2013 NA*

Improving the Economics and Incentives for 
Integrating High Penetration PV Viridity/E3

Business 
Development and 
Deployment

7/10/2013 NA*

Table 3 (Continued): Grantee Webinar List (Continues on next page)

* Attendance data not available

Low Cost Solar Retrofit - Grid Ready Plug 
and Play PV Kit BIRAenergy DER Integration 12/10/2013 NA*

Advanced Grid-Interactive Distributed PV and 
Storage SolarCity

Business 
Development and 
Deployment

12/12/2013 42

Analysis of High-Penetration Levels of PV 
into the Distribution Grid in California

National Renewable Energy 
Laboratory Grid Integration 12/17/2013 NA*

Beopt CA Ex Final Project Presentation
Davis Energy Group/
National Renewable Energy 
Laboratory

DER Integration 3/5/2014 130

Integrating PV into Utility Planning and 
Operation Tools Clean Power Research Grid Integration 3/11/2014 NA*

UC Davis West Village - Final Webinar University of California, Davis DER Integration 9/9/2014 20
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Webinar Title Grantee Topic Area Date
Number of 
Attendees

The Sustainable Energy and Economic 
Development (SEED) Fund

Strategic Energy Innovations
Business 
Development and 
Deployment

1/29/2015 27

Quantification of Risk of Unintended 
Islanding General Electric Grid Integration 7/22/2015 70

Methods for Screening Distribution Feeders: 
Alternatives to the 15% Rule

Electric Power Research 
Institute Grid Integration 7/24/2015 51

High-Fidelity Solar Forecasting 
Demonstration for Grid Integration

University of California, San 
Diego Grid Integration 12/1/2015 18

Analysis to Inform California Grid Integration 
Rules for PV

Electric Power Research 
Institute Grid Integration 5/26/2016 89

Table 3 (Continued): Grantee Webinar List

Standard Communication Interface and 
Certification Test Program

Electric Power Research 
Institute Grid Integration 6/30/2016 43

PV Integrated Storage: Demonstrating 
Mutually Beneficial Utility-Customer 
Business Partnerships

Energy and Environmental 
Economics Grid Integration 8/11/2016 38

Comprehensive Grid Integration of Solar 
Power for SDG&E

University of California, San 
Diego Grid Integration 8/18/2016 15

Grid Integration of Zero Net Energy (ZNE) 
Communities

Electric Power Research 
Institute DER Integration 9/16/2016 127

Advanced Distribution Analytics Services 
Enabling High PV Penetration Southern California Edison Grid Integration 9/23/2016 38
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HIGH PENETRATION SOLAR FORUM AGENDAS

Welcome by UCSD Dr. Tony Haymet, Vice Chancellor Marine Sciences and 
Director of Scripps Institution of Oceanography

Agenda Item Speaker

Overview of UCSD Microgrid and Energy 
Research at UCSD

Dr. Frieder Seible, Dean of UCSD Jacobs School of 
Engineering

Welcome and DOE Perspective Kevin Lynn, Director of Grid Integration, U.S. 
Department of Energy

Welcome and CPUC Perspective Molly Sterkel, California Public Utilities Commission

Utility Perspective

Michael Montoya, Southern California Edison

Tom Bialek, San Diego Gas & Electric

Andrew Yip, Pacific Gas & Electric

Table 4: Agenda for March 1-2, 2011 High Penetration Solar Forum

Key Note Speaker Commissioner Michael Peevey, California Public 
Utilities Commission

Introduction to High Penetration PV Web 
Portal Kristin Nicole, SRA

Wrap Up Gap Analysis Kevin Lynn, DOE

Discussion and Stakeholder Input

 Closing Remarks and Next Steps
Molly Sterkel, CPUC
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Project Speaker

Table 5: Agenda for February 13-14, 2013 High Penetration Solar Forum

Advanced Modeling and Verification for High 
Penetration PV Tom Hoff, Clean Power Research

Planning and Modeling for High-Penetration 
PV Carl Lenox, SunPower

Towards High Penetration Solar Through 
Resource Forecasting and Dynamic System 
Modeling

Jan Kleissl, University of California, San Diego

Kevin Meagher, EDSA

High Penetration of Photovoltaic Generation 
Study - Flagstaff Community Power Dave Narang & Cyndi Newman, Arizona Public Service

High Penetration PV Initiative Elaine Sison-Lebrilla

SMUD PV and Smart Grid Pilot at Anatolia Mark Rawson, Sacramento Municipal Utility District

Analysis of High-Penetration Levels of PV 
into the Distribution Grid in California Barry Mather, National Renewable Energy Laboratory

Sunshine State Solar Grid Initiative 
(SUNGRIN) Rick Meeker, Florida State University

Field Verification of High-Penetration Levels 
of PV into the Distribution

Jason Lai, Virginia Tech

Grid with Advanced Power Conditioning 
Systems

Development and Analysis of a Progressively 
Smarter Distribution System Scott Samuelsen, UC Irvine
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1
Hawaiian Electric Company, BEW Engineering, National Renewable Energy 
Laboratory, New Energy Options, Areva, Irradiance, Solar Consulting Services, 
Augustyn & Company, SynerGEE

Grant 
Solicitation Grantee

1

California Independent System Operator, Sacramento Municipal Utility 
District, National Renewable Energy Laboratory, State University of New 
York, New York State Energy Research and Development Authority, Solar 
Electric Power Association, Long Island Power Authority, Salt River Project, 
New York Power Authority

Table 6: List of all project partners (Continued on next page)

Sacramento Municipal 
Utility District

National Renewable 
Energy Laboratory

Clean Power Research

Project Partners

Davis Energy Group, Pacific Gas & Electric, Energy and Environmental Economics, 
Inc.1

kW Engineering SolarNexus, SaveEnergy123, Solmetric, Geopraxis1

National Renewable 
Energy Laboratory

Southern California Edison, Clean Power Research, Electrical Distribution Design, 
Satcon, Quanta Technology1

University of California, 
Irvine Pacific Gas & Electric1

University of California, 
San Diego

EnerNex, California Independent System Operator, San Diego Gas & Electric, 
Clean Power Research1

SunPower Corporation DNV GL, Sandia National Laboratories, Ice Energy, ZBB Energy, University of 
California San Diego, Pacific Gas & Electric, Redding Electric Utility, Kohl's2

Amonix, Inc. University of California Irvine Advanced Power and Energy Program, National 
Renewable Energy Laboratory, Department of Energy, Southern California Edison2

Solaria Corporation Pacific Gas & Electric2

Viridity Energy Energy and Environmental Economics, University of California San Diego, San 
Diego Gas & Electric, California Independent System Operator2

BIRAenergy General Electric, San Diego Gas & Electric, Sunverge2

University of California, 
Davis

University of California Davis Energy Institute, Energy and Environmental 
Economics, Davis Energy Group, General Electric2

SolarCity
Tesla Motors, University of California Berkeley Renewable & Appropriate Energy 
Laboratory, University of California Berkeley Energy & Resources Group & 
Mechanical Engineering, Pacific Gas & Electric

2

PROJECT PARTNERS
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2 Pacific Earthquake Engineering Research Center, Rutherford & Chekene, 
Autodesk, Computers & Structures, Inc.

Grant 
Solicitation Grantee

2 Sonoma Wine Company, Patch Engineering, Pacific Gas & Electric

Table 6: List of all project partners (Continued on next page)

SunLink

General Electric

Cogenra

Project Partners

Pacific Gas & Electric3

Electric Power Research 
Institute

National Renewable Energy Laboratory, Sandia National Laboratory, Southern 
California Edison, Pacific Gas & Electric, San Diego Gas & Electric3

DNV GL Sacramento Municipal Utility District, Hawaii Electric Companies (HECO, MECO, 
HELCO), Pacific Gas & Electric, City of Roseville3

Clean Power Research
California Independent System Operator, University of California San Diego, 
Electric Power Research Institute, State University of New York, Solar Electric 
Power Association

3

University of California, 
San Diego

Green Power Labs, Clean Power Research, Sacramento Municipal Utility District, 
National Renewable Energy Laboratory, Power Analytics3

Strategic Energy 
Innovations Optony, Inc.3

Electric Power Research 
Institute

SunSpec Alliance, SMA< Fronius, Sandia National Laboratories, TUV Rheinland, 
Xanthus Consulting4

Energy and 
Environmental 
Economics

Sacramento Municipal Utility District, Sunverge, Rocky Mountain Institute4

Electric Power Research 
Institute Meritage Homes, Southern California Edison, BIRAenergy4

Southern California 
Edison Pacific Northwest National Laboratory, Qado Energy4

Electric Power Research 
Institute National Renewable Energy Laboratory, Sandia National Laboratory4

University of California, 
San Diego Vertum Partners, San Diego Gas & Electric4
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5 Optony, Inc.

Grant 
Solicitation Grantee

5 None

Table 6: List of all project partners

Strategic Energy 
Innovations

University of California, 
San Diego

BIRAenergy

Project Partners

San Diego Gas & Electric5

Tri-Technic, Inc. None5

National Renewable 
Energy Laboratory Davis Energy Group, Pacific Gas & Electric, Sacramento Municipal Utility District5

University of California, 
Davis None5

Clean Power Research None5
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PROJECTS WITH FOLLOW-ON WORK AND FUNDING

Advanced Modeling and Verification for 
High Penetration PVClean Power Research

ProjectGrantee

CPR received funding under CEC EPIC and DOE 
to further enhance the forecasting and solar 
resource models.

Follow-on Funding and Market 
Status

Integrating PV into Utility Planning and 
Operation ToolsClean Power Research

Beopt continues to get support from DOE and the 
existing residential and multifamily enhancements 
funded by CSI RD&D have been folded in to the 
main tool.

BEopt Multifamily Modeling Capabilities 
for ZNE and iDSM in California

Davis Energy Group/National 
Renewable Energy Laboratory

Beopt-CA (EX): A Tool for Optimal 
Integration of EE/DR/ES+PV for 
California Homes

Davis Energy Group/National 
Renewable Energy Laboratory

High-Fidelity Solar Forecasting 
Demonstration for Grid Integration

University of California, San 
Diego

Comprehensive Grid Integration of Solar 
Power for SDG&E

University of California, San 
Diego

Mitigation of Fast Solar Ramps Through 
Sky Imager Solar Forecasting and 
Energy Storage Control

University of California, San 
Diego

Improving Economics of Solar Power 
Through Resource Analysis, Forecasting 
and Dynamic System Modeling

University of California, San 
Diego

The UCSD team has received funding under 
CEC's EPIC to continue research in Solar forecast 
based optimization of distributed renewable energy 
resources. The  follow on work integrates high-
accuracy solar forecasting to optimize the operation 
of distributed energy resources, and utilize the 
value of solar forecasting in utility grid operations 
to improve grid reliability, reduce ratepayer costs 
and increase safety. The objectives are to apply 
forecasts to inform control and scheduling decisions 
for distributed energy resources with emphasis 
on energy storage and electric vehicle charging 
control at warehouse photovoltaic clusters in the 
LA-Orange-Riverside-San Bernardino-San Diego 
Counties as well as the UCSD microgrid.

Distributed Solar and Plug-In Electric 
Vehicles: An Interactive Software 
Platform

Clean Power Research The CPR tool for EV and PV evaluation has been 
customized for several of their utility customers.

Hybrid concentrating photovoltaic/
thermal tri-generation (CPV/T-3G) 
technology

Cogenra
Cogenra was able to commercialize the 
tri-generaiton system and was acquired by 
SunPower.

Table 7: Projects with Follow-on Work and Funding (Continued on next page)

Grid 
Integration

Production 
Technologies

Business 
Development 
and Deployment

Distributed 
Energy Resources 
Integration

Primary 
Target 
Area:
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ProjectGrantee
Follow-on Funding and Market 
Status

Demonstration of Locally Balanced ZNE 
Communities Using DR and Storage and 
Evaluation of Distribution Impacts

Electric Power Research 
Institute

This project received much media attention and 
coverage through a New York Times article. The 
community in Fontana was a success and resulted 
in the builder making ZNE a standard offering for 
the entire community. The team has also received 
follow on funding from CEC under EPIC to further 
the research on ZNE in residential single family 
communities.

Table 7 (Continued): Projects with Follow-on Work and Funding

Integrated Energy Project ModelkW Engineering

The IEP model team received a DOE SunShot 
incubator grant to build out multiple software 
integrations using the IEP model. This is an 
important step in introducing the IEP model to a 
broader range of industry participants. Besides 
our application SolarNexus, our partner's software 
applications will be enabled to use IEP and will be 
driving use of IEP with all their partners. One of 
the key integrations will be with a design software 
partner that will result in a new application that 
contractors can use to automate the generation of 
code compliant permitting artifacts.

Advanced Grid-Interactive Distributed 
PV and StorageSolarCity

The storage tested in the project became the 
Powerwall product by Tesla. Also, SoalrCity has 
merged with Tesla to combine the solar and 
storage offering under one umbrella.

Grid 
Integration

Production 
Technologies

Business 
Development 
and Deployment

Distributed 
Energy Resources 
Integration

Primary 
Target 
Area:
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