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Webinar Objective

California Energy Commission staff is facilitating this 
webinar to request public comments on the research 
and development (R&D) opportunities identified for 
the Electric Program Investment Charge (EPIC) research 
roadmap on renewable energy generation 
technologies for utility -scale applications. 
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Research Roadmap

Develop an actionable research roadmap that 
describes prioritized investment opportunities to 
increase the cost competitiveness, flexibility, and 
reliability of renewable energy generation in California. 
The research roadmap will be used to strategically 
target future EPIC investments to provide optimal 
benefits to investor-owned utility (IOU) electric 
ratepayers, and maximize the use of public R&D 
investments.
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CEC Administered EPIC Funding



Submitting Comments
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Please go to CEC electronic commenting system
https://efiling.energy.ca.gov/Ecomment/Ecomment.aspx?docketnumber=19-ERDD-01

Written comments will be 
received by the Energy
Commission through July 
12, 2019 .

https://efiling.energy.ca.gov/Ecomment/Ecomment.aspx?docketnumber=19-ERDD-01
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Ideas to Impacts
www.energetics.com

PRELIMINARY DRAFT RENEWABLE ENERGY 
GENERATION RESEARCH ROADMAP

Public Comment Webinar,
June 28, 2019

Sabine Brueske, sbrueske@energetics.com

mailto:sbrueske@energetics.com


Prepared by Energetics for the California Energy Commission. All use or disclosure of this information is prohibited without exp ressed written consent.

WEBINAR HOSTS
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WEBINAR AGENDA

10:00 am Introduction to Roadmap Project
10:15 am Facilitated Discussion

10:15 Photovoltaic Solar
10:30 Concentrated Solar
10:45 Land -Based Wind
11:00 Offshore Wind
11:15 Bioenergy
11:30 Geothermal
11:45 Small Hydropower
12:00 Grid Integration
12:15 Energy Storage

12:30 Closing
8
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ROADMAP PROJECT OBJECTIVE

This roadmap is intended to identify, describe, and prioritize 
research, development, demonstration, and deployment 
(RDD&D) technology opportunities that have potential to 
achieve higher penetrations of renewable energy into 
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PROJECT TEAM

Cara Libby, Senior Technical Leader, 
Electric Power Research Institute

Dara Salour, Program Manager, 
Alternative Energy Systems Consulting

Greg Kester, Director of Renewable Resource Program, 
California Association of Sanitation Agencies

Jan Kleissl, Associate Director, 
University of California, San Diego, Center for 
Energy Research

Julio Garcia, Geothermal Production Analysis 
Manager, Calpine

Kevin Smith, Asset Management & Operating Services, 
DNV GL

Kurt Johnson, Chief Executive Officer, 
Telluride Energy

Lenny Tinker, Acting Photovoltaics Program Manager, 
U.S. Department of Energy, Solar Energy 
Technologies Office

Robert Baldwin, PhD, Principal Scientist, 
National Renewable Energy Laboratory

Terra Weeks, Advisor to the Commissioner, 
California Energy Commission
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This Roadmap is led by Energetics, with valuable contributions from several 
subcontractors: Center for Sustainable Energy, DAV Energy, Renewable Energy 
Consulting Services Inc., Solar Power Consulting, and TSS Consultants

SilivaPalma-Rojas managed this project for the California Energy Commission and 
provided valuable feedback and guidance throughout the effort.

Many thanks to the Technical Advisory Committee for their review and feedback on 
this project:



Prepared by Energetics for the California Energy Commission. All use or disclosure of this information is prohibited without exp ressed written consent.

METHODOLOGY OF ROADMAP PROJECT

37 
Interviews
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PARTICIPATION IN ROADMAP METHODOLOGY

Solar Wind Bioenergy Geothermal Small 
Hydro

Grid 
Integration

Energy 
Storage

Wave 
Power* Total

Interviews 6 8 6 5 4 5 3 2 39

Survey
Respondents 10 8 12 10 5 11 6 0 62

Webinar
Participants 13 13 8 9 8 10 14 0 75

Unique
Participants All
Activities

19 21 21 17 13 22 18 2 114**
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* Wave Power is not included in the Roadmap as an independent technology area.  The technology was explored 
understanding that the TRL is very low for most wave technologies.
** Total Unique Participants sum is not equal to the sum of all topic areas since some participants were involved 
in multiple topic areas.
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RESEARCH ROADMAP: TECHNOLOGY AREAS
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STRUCTURE OF WEBINAR



Prepared by Energetics for the California Energy Commission. All use or disclosure of this information is prohibited without exp ressed written consent.

FACILITATED DISCUSSION TOPICS

10:15 am Facilitated Discussion
10:15 Photovoltaic Solar
10:30 Concentrated Solar
10:45 Land -Based Wind
11:00 Offshore Wind
11:15 Bioenergy
11:30 Geothermal
11:45 Small Hydropower
12:00 Grid Integration
12:15 Energy Storage
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MATERIALS FOR REFERENCE

(accessible on the Energy Commission Research Idea 
Exchange docket )

Now:

https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=19-ERDD-01
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UNIVERSAL CHALLENGES REQUIRING BROAD 
STAKEHOLDER INVOLVEMENT

17
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SOLAR PV OVERVIEW

Solar PV provides the most energy of any renewable resource in California and has the 
most installed capacity.
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COMPARISON OF THEORETICAL SOLAR 
ENERGY CONVERSION EFFICIENCIES

19

By M. Green, from Feasibility of High-Efficiency Photovoltaics Breakthrough Research, EPRI Palo Alto, 
CA, and California Energy Commission, Sacramento, CA: 2005. 1012872.
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SOLAR PV - RECOMMENDED INITIATIVE#1 
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SOLAR PV - RECOMMENDED INITIATIVE#2 
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SOLAR PV INITIATIVE DISCUSSION

Q1 - Are these research initiatives the right 
ones for cost and technology breakthroughs 
for utility -scale renewable energy 
generation?

Q2 - What are the cost/performance targets 
for each technology that should be 
considered for California?

Q3 - Are there any gaps in these initiatives?

22
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NOTES �± PV SOLAR

23

Right initiatives for cost and technology breakthroughs?

Initiative #2, cell recycling, is of 
interest

Tandem could be used to reduce 
operating cost, is this small scale 
deployment (current solicitation 
challenging in response, mixture of 
forward thinking yet commercial 
stage)

Reword, cell recycling should be 
modular recycling 
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TECH AREA #2 �± CONCENTRATED SOLAR 
POWER

24

Solar CSP provides the least energy of any renewable resource in California and has the 
lowest installed capacity.
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SOLAR CSP - RECOMMENDED INITIATIVE#1 
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SOLAR CSP - RECOMMENDED INITIATIVE#2 
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CSP INITIATIVE DISCUSSION

Q1 - Are these research initiatives the right 
ones for cost and technology breakthroughs 
for utility -scale renewable energy 
generation?

Q2 - What are he cost/performance targets 
for each technology that should be 
considered for California?

Q3 - Are there any gaps in these initiatives?

27
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NOTES �± CSP SOLAR
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Right initiatives for cost and technology breakthroughs?

For cleaning mirrors 
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TECH AREA #3 �± LAND-BASED WIND

29

Land-based wind provides the 2nd most energy of any renewable resource in California 
and has the 2nd most installed capacity.
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LAND-BASED WIND - RECOMMENDED 
INITIATIVE#1 
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LAND-BASED WIND - RECOMMENDED 
INITIATIVE#2 

31
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LAND-BASED WIND INITIATIVE DISCUSSION

Q1 - Are these research initiatives the right 
ones for cost and technology breakthroughs 
for utility -scale renewable energy 
generation?

Q2 - What are he cost/performance targets 
for each technology that should be 
considered for California?

Q3 - Are there any gaps in these initiatives?

32
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NOTES �± LAND-BASED WIND
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Right initiatives for cost and technology breakthroughs?

There are related DOE/EPIC 
initiatives, why not radar 
mitigation/wildlife.
Broadly longstanding permitting 
hurdles to wind (repower as well as 
greenfield development are 
substantial barriers), research 
initiatives associated with these 
barriers/informed by science.

Cost and performance targets that should be considered?

Gaps in these initiatives?
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TECH AREA #4 �± OFFSHORE WIND

34

No offshore wind turbines are currently operating in the state. 
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OFFSHORE WIND - RECOMMENDED 
INITIATIVE#1 

35
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OFFSHORE WIND - RECOMMENDED 
INITIATIVE#2 
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OFFSHORE WIND - RECOMMENDED 
INITIATIVE#3 
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OFFSHORE WIND - RECOMMENDED 
INITIATIVE#4 
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OFFSHORE WIND INITIATIVE DISCUSSION

Q1 - Are these research initiatives the right 
ones for cost and technology breakthroughs 
for utility -scale renewable energy 
generation?

Q2 - What are he cost/performance targets 
for each technology that should be 
considered for California?

Q3 - Are there any gaps in these initiatives?

39
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NOTES �± OFFSHORE WIND
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Right initiatives for cost and technology breakthroughs?

4 initiatives are very appropriate. One 
to add for consideration is remote 
monitoring and maintained through 
drone inspection (onshore/offshore) 
Safety issue

Combination of wind and wave is 
higher than any individually, can 
address large part of storage issue to 
meet 100% target.  

Cost and performance targets that should be considered?
Combining wind with ocean wave 
conversion farms, will allow 
improvement to infrastructure 
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TECH AREA #5 �± BIOENERGY
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Bioenergy facilities produce the 4th most energy in the state with the 5th highest 
amount of capacity.
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BIOENEGY- RECOMMENDED INITIATIVE#1 
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BIOENERGY - RECOMMENDED INITIATIVE#2 
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BIOENERGY INITIATIVE DISCUSSION

Q1 - Are these research initiatives the right 
ones for cost and technology breakthroughs 
for utility -scale renewable energy 
generation?

Q2 - What are he cost/performance targets 
for each technology that should be 
considered for California?

Q3 - Are there any gaps in these initiatives?

44



Prepared by Energetics for the California Energy Commission. All use or disclosure of this information is prohibited without exp ressed written consent.

NOTES �± BIOENERGY
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Right initiatives for cost and technology breakthroughs?

Syngas cleanup important 
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TECH AREA #6 �± GEOTHERMAL
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Geothermal power produces the 3rd most energy in the state with the 3rd highest 
amount of capacity.
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GEOTHERMAL- RECOMMENDED INITIATIVE#1 
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GEOTHERMAL - RECOMMENDED 
INITIATIVE#2 
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GEOTHERMAL INITIATIVE DISCUSSION

Q1 - Are these research initiatives the right 
ones for cost and technology breakthroughs 
for utility -scale renewable energy 
generation?

Q2 - What are he cost/performance targets 
for each technology that should be 
considered for California?

Q3 - Are there any gaps in these initiatives?

49
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NOTES �± GEOTHERMAL
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Right initiatives for cost and technology breakthroughs?

High drilling cost and high flow 
rates are barriers, initiatives 
focused on these issues important.  
$40MM DOE project on drilling in 
UT as example 
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TECH AREA #7 �± SMALL HYDRO
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Small hydropower resources produce the 5th most energy in the state with the 4th highest 
amount of capacity.



Prepared by Energetics for the California Energy Commission. All use or disclosure of this information is prohibited without exp ressed written consent.

SMALL HYDRO- RECOMMENDED INITIATIVE#1 
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SMALL HYDRO- RECOMMENDED INITIATIVE#2 
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SMALL HYDRO INITIATIVE DISCUSSION

Q1 - Are these research initiatives the right 
ones for cost and technology breakthroughs 
for utility -scale renewable energy 
generation?

Q2 - What are he cost/performance targets 
for each technology that should be 
considered for California?

Q3 - Are there any gaps in these initiatives?
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NOTES �± SMALL HYDRO
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Right initiatives for cost and technology breakthroughs?

Two research areas would add little 
value to development for small hydro.  
Due to 401 certification.

Most potential 
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TECH AREA #8 �± GRID INTEGRATION
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Grid Integration Technologies and Strategies can be grouped into four 
categories:
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GRID INTEGRATION - RECOMMENDED INITIATIVE#1 
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GRID INTEGRATION - RECOMMENDED INITIATIVE#2 
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GRID INTEGRATION INITIATIVE DISCUSSION

Q1 - Are these research initiatives the right 
ones for cost and technology breakthroughs 
for utility -scale renewable energy 
generation?

Q2 - What are he cost/performance targets 
for each technology that should be 
considered for California?

Q3 - Are there any gaps in these initiatives?

59
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NOTES �± GRID INTEGRATION
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Right initiatives for cost and technology breakthroughs?

Suggest adding initiative focusing 
on demonstrating long duration 
storage.

Suggest focus on transactive energy 
systems. Potential for integrating 
renewables and improving load 
factor on the grid

Grid integration services and 
transmission services

Cost and performance targets that should be considered?

Gaps in these initiatives?
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TECH AREA #9 �± ENERGY STORAGE

61

Current energy storage capacity in California is at 4.3 GW with over 95% of that capacity 
supplied by Pumped-Storage Hydropower (PSH)
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ENERGY STORAGE - RECOMMENDED INITIATIVE#1 
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ENERGY STORAGE - RECOMMENDED INITIATIVE#2 
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ENERGY STORAGE INITIATIVE DISCUSSION

Q1 - Are these research initiatives the right 
ones for cost and technology breakthroughs 
for utility -scale renewable energy 
generation?

Q2 - What are he cost/performance targets 
for each technology that should be 
considered for California?

Q3 - Are there any gaps in these initiatives?
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NOTES �± ENERGY STORAGE
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Right initiatives for cost and technology breakthroughs?

Long duration energy storage 
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WEBINAR CLOSING
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(accessible on the Energy 
Commission Research Idea 
Exchange docket )

Now:

https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=19-ERDD-01



