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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.




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 (I0U) electric
ratepayers, and maximize the use of public R&D
Investments.




Applied Research and Development includes activities to support pre-commercial

technologies and approaches at applied lab-level or pilot-level stages.

Technology Demonstration and Deployment involves installation and operation of
pre-commercial technologies or strategies at a scale that will reflect actual operating,
performance, and financial characteristics and risks.

Market Facilitation focuses on a range of activities, such as commercialization
assistance, local government regulatory assistance and streamlining, market analysis,
and program evaluation to support deployment and expand access to clean energy

technology and strategies.
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== WEBINAR AGENDA
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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 o

11:00 Offshore Wind 0

11:15 Bioenergy O p—

11:30 Geothermal o © e

11:45 Small Hydropower

12:00 Grid Integration
12:15 Energy Storage

12:30 Closing
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?f‘w ROADMAP PROJECT OBJECTIVE
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This roadmap is intended to identify, describe, and prioritize
research, development, demonstration, and deployment
(RDD&Djechnology opportunities that have potential to
achieve higher penetrations of renewable energyo

Prepared by Energetics for the California Energy Commission. All use or disclosure of this information is prohibited without exp resse d written consen t.
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This Roadmap is led IBnergeticswith valuable contributions from several
subcontractorsCenter for Sustainable Energ) AV EnergyRenewable Energy
Consulting Services Inolar Power ConsultingandTSS Consultants

SilivaPalmaRojas 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:

Cara Libby, Senior Technical Leader, Kevin Smith, Asset Management & Operating Servig
Electric Power Research Institute DNV GL

Dara Salour, Program Manager, Kurt Johnson, Chief Executive Officer,
Alternative Energy Systems Consulting Telluride Energy

Greg Kester, Director of Renewable Resource Progr| Lenny Tinker, Acting Photovoltaics Program Managg
California Association of Sanitation Agencies U.S. Department of Energy, Solar Energy

JanKIleiss| Associate Director, Technologies Ofiice
University of California, San Diego, Center for Robert Baldwin, PhD, Principal Scientist,
Energy Research National Renewable Energy Laboratory

Julio Garcia, Geothermal Production Analysis Terra Weeks, Advisor to the Commissioner,
Manager, Calpine California Energy Commission

Prepared by Energetics for the California Energy Commission. All use or disclosure of this information is prohibited without exp ressed written consent. 0
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Interviews
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rf‘x PARTICIPATION IN ROADMAP METHODOLOGY
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: . Small Grid Energy Wave
I 2 e e e e e e I

Survey 10 8 12 10 5 11 6 0 62
Respondents

Webinar

. 13 13 8 9 8 10 14 0 75
Participants
Unique
Participants All K] 21 21 17 13 22 18 2 114**

Activities

* 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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ﬁﬁ‘w FACILITATED DISCUSSION TOPICS
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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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(accessible on the Energy Commission Research Idea
Exchange docket )

Now:

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


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

UNIVERSAL CHALLENGES REQUIRING BROAD

‘STAKEHOLDER INVOLVEMENT
CARE f R W B

17

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



8% SOLAR PV OVERVIEW
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Solar PV provides the most energy of any renewable resource in California and has tt
most installed capacity.
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il Options/Limits

circulators

tandem (n—e=)

hot carrier

tandem (n = 6)

thermal, thermoPV, thermionics
tandem (n = 3)
impurity PV & band, up-converters
impact ionisation
tandem (n = 2)
down-converters

single cell

Photowvoltaics - Electricity from Sunlight

By M. Green, from Eeasibility of High-Efficiency Photovoltaics Breakthrough Research, EPRI Palo Alto,
CA, and California Energy Commission, Sacramento, CA: 2005. 1012872.

19
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k; SOLAR PV - RECOMMENDED INITIATIVE#1

i Initiative 2.1: Deploy Thin Film and Tandem Material PV Cells

Description and
Characteristics

Thin-film and Tandem-Junction PV technologies offer significant potential advantages over
current crystalline silicon single-junction PV in terms of lower manufacturing costs, less
material usage, and higher conversion efficiency. Achieving these, however, will require
substantial field experience as well as manufacturing scale-up in addition to further laboratory
development.

This initiative would establish field testing programs to accelerate acquisition of real-world
experience with novel technologies having such promise. This experience is vital for
transferring laboratory advances toward commercial products.

Technology Baseline,
Best in Class

Present-day commercial crystalline silicon PV modules have narrowed the gap between
practical and theoretical performance such that future gains in LCOE will come only from
further economies of larger-scale manufacturing and deployment. Meanwhile, thin-film
technologies have shown increasing laboratory performance, but have not achieved the
manufacturing scale needed to demonstrate their potential cost advantages.

Impacts

Thin-film PV devices have potentially lower costs due to better manufacturing scalability and
lesser use of expensive materials than crystalline silicon devices. Tandem-junction PV
technologies, which also may be thin-film, have substantially higher theoretical efficiency
limits than crystalline silicon’s, which translates into significantly lower energy cost potential.

Metrics and/or
Performance
Indicators

Metrics of success for these test deployments would include demonstration of specific failure
mechanisms to aid in improved manufacturing as well as greater durability of subsequent
deployments.

Success Timeframe

Long term. Ultimate success is likely in ten years or more, but nearer term useful results would |

also be likely.




ﬁ SOLAR PV - RECOMMENDED INITIATIVE#2

Success Timeframe True success of this initiative awaits the retirement of the many gigawatts of PV recently
deployed, which will take well over a decade. However, smaller-scale benefits may be achieved
sooner by applying new techniques to other recycling processes.

21
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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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Right initiatives for cost and technology breakthroughs?

Initiative #2, cell recycling, is of Tandem could be used to reduce
interest operating cost, is this small scale
deployment (current solicitation
challenging in response, mixture o
forward thinking yet commercial
stage)

Reword, cell recycling should be
modular recycling

Prepared by Energetics for the California Energy Cammission. All use or disclosure of this information is prohibited without

exp ressed written consent
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Solar CSP provides the least energy of any renewable resource in California and has tF
lowest installed capacity.

24
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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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Right initiatives for cost and technology breakthroughs?

For cleaning mirrors

28
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Landbased wind provides the"?most energy of any renewable resource in California
and has the ® most installed capacity.

29
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Rﬁ‘w LAND-BASED WIND INITIATIVE DISCUSSION
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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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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 a
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?

33
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No offshore wind turbines are currently operating in the state.
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?f‘w OFFSHORE WIND INITIATIVE DISCUSSION
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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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Right initiatives for cost and technology breakthroughs?

4 initiatives are very appropriate. Onqg Combination of wind and wave is
to add for consideration is remote higher than any individually, can

monitoring and maintained through | address large part of storage issue tg
drone inspection (onshore/offshore) | meet 100% target.
Safety issue

Cost and performance targets that should be considered?

Combining wind with ocean wave
conversion farms, will allow
improvement to infrastructure

40
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Bioenergy facilities produce the 4th most energy in the state with the 5th highest
amount of capacity.

41
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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
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Right initiatives for cost and technology breakthroughs?

Syngas cleanup important

45
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Geothermal power produces thed3nost energy in the state with the%highest
amount of capacity.
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if‘w GEOTHERMAL INITIATIVE DISCUSSION
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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

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



o 2 s gl Y.
R\: NOTES + GEOTHERMAL
D’ AAE KR -y

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

Prepared by Energetics for the California Energy Commission. All use or disclosure of this information is prohibited without
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Small hydropower resources produce théfost energy in the state with thehighest
amount of capacity.
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?f‘w SMALL HYDRO INITIATIVE DISCUSSION
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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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Right initiatives for cost and technology breakthroughs?

Two research areas would add little | Most potential

value to development for smaltlydro.
Due to 401 certification.

Prepared by Energetics for the California Energy Commission. All use or disclosure of this information is prohibited without
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Grid Integration Technologies and Strategies can be grouped into four
categories:
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Rﬁ‘w GRID INTEGRATION INITIATIVE DISCUSSION
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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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Right initiatives for cost and technology breakthroughs?

Suggest adding initiative focusing
on demonstrating long duration
storage.

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

Grid integration services and
transmission services

Cost and performance targ

ets that should be considered?

Gaps in these initiatives?

Prepared by Energetics for the California Energy Commission. All use or disclosure of this information is prohibited without
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Current energy storage capacity in California is at 4.3 GW with over 95% of that capaci
supplied by Pumpe&torage Hydropower (PSH)

61
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?f‘w ENERGY STORAGE INITIATIVE DISCUSSION
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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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Right initiatives for cost and technology breakthroughs?

Long duration energy storage
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Commission Research Idea
Exchange docket )

Now:
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