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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.

3



4

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
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WEBINAR HOSTS

• Silvia Palma-Rojas

Energy Commission, Commission Agreement 
Manager (CAM)

• Sabine Brueske

Energetics, Project Manager

• Joan Pellegrino

Energetics, Facilitator

• Harrison Schwartz

Energetics, Project Analyst
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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 
California’s electricity grid. 

Working with stakeholders and subject matter experts to identify:

• Significant barriers to achieving greater use of renewable energy and storage in California

• Current research efforts at both the state and federal level that are addressing these 
knowledge gaps

• Research gaps that may be addressed by the Electric Program Investment Charge (EPIC) 
program

• Prioritizing future research needs in the near (1 to 3 years), mid-term (3 to 5 years), and long-
term (>5 years)

• Indicators of success for renewable energy resource technologies and strategies

• Performance and cost targets, and other metrics

9
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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

Siliva Palma-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:
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METHODOLOGY OF ROADMAP PROJECT

37 
Interviews

• Technical 
Assessment

7 
Surveys

7 
Webinars

•Preliminary Draft 
Report

2 Public 
Webinars

11

Roadmap 
Report

June 28 - Public Comment TBD date - Findings
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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**

12

* 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

13

• Solar (PV and CSP)

• Land-Based Wind

• Offshore Wind

• Bioenergy

• Geothermal

• Small Hydropower

• Grid Integration

• Energy Storage
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STRUCTURE OF WEBINAR

• Discussion portion of webinar will be 
broken in to nine 15 minute topics

• Attendees are welcome to join only 
selected portions of discussion (see agenda)  

• Today we will be discussing 20 
recommended initiatives identified in the 
Preliminary Draft (see future Roadmap for full 

list of technologies and initiatives identified)

• Facilitator will guide us through questions 
while comments collected in real time

14
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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

15
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MATERIALS FOR REFERENCE

(accessible on the Energy Commission Research Idea 
Exchange docket)

Now:

• Technical Assessment

• Preliminary Report

Next Week:

• June 28 Public Webinar Slides

Future Date:

• Roadmap Report

16

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

STAKEHOLDER INVOLVEMENT

17

• Resource Availability (Utility-Scale System Permitting)
– Permitting issues related to land development and air quality prevent 

installations of renewable technologies at certain locations in the state.

– Wind, solar, and bioenergy are most impacted but all renewable technologies 
could benefit from permitting relief

• Resource Valuation
– Ancillary benefits of renewables such as lowering emissions and grid services 

are not valued by energy markets.

– The current market structure only incentivizes the lowest cost energy sources 
which could lead to over-deployment of solar.

• Technology Lock-in (Stymied Innovation)

– The scale of investment required for electric grid improvements leads to a 
comfort with existing technologies that prevents the transition of new 
technologies from pilot to full-scale deployment.
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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.

• Current Baseline: 
– 2018 CA Capacity Factor: 26.5%

• Best in Class
– Capacity Factor: ~33%

18

DOE FEDERAL 

FY 2017
FY 2018 FY 2019 2030 Target 

Photovoltaic 

(PV)

7 cents/kWh 

(exceeded, 6)
6 cents/kWh 5.5 cents/kWh 3 cents/kWh

Solar + Storage $1.96/Wdc n/a $1.65/Wdc $1.45/WdcWdc: Watts Direct Current

• Cost Targets: (Kansas city data point used by DOE)
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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 

20
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SOLAR PV - RECOMMENDED INITIATIVE#2 

21
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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 – how to handle 
big picture (transportation costs)

Cost and performance targets that should be considered?

Cost factors seemed high for CA 
(nat’l avg shown)

Gaps in these initiatives?

Thermal management of panels, 
reducing heat degradation

Pairing solar with storage is 
important – included? Pivotal is 
even small amt of storage, mtg peak 
load more easily achieved (justify 
more install) Excel energy example.

Material design for recyclability/ 
material science, or developing 
facilities for improvement
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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.

• Current Baseline: 
– 2018 CA Capacity Factor: 23.4%

• Best in Class
– Capacity Factor: >40%

• Cost Targets:

FY 2017 FY 2018 FY 2019 2030 Target 

Concentrating

Solar Power
10 cents/kWh n/a 8 cents/kWh 5 cents/kWh
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SOLAR CSP - RECOMMENDED INITIATIVE#1 

25
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SOLAR CSP - RECOMMENDED INITIATIVE#2 

26
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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

28

Right initiatives for cost and technology breakthroughs?

For cleaning mirrors – could be of 
interest to combine with PV systems. 
Opportunity to combine PV and CSP 
cleaning.

Lot of work being done by DOE.  
Materials work is quite challenging, 
might be beyond what can be done. 
(better multi-tech)

Instead focus on things that support 
evaluation of CSP to gain experience 
curve, market factors

Mirror washing is good initiative, but 
there is wealth of int’l experience on 
this.  CEC work should build upon 
tremendous int’l experience

Agree that DOE is doing a lot with 
materials CSP.  

Market deployment is important (not 
good to compare PV to CSP, ignores 
that applications different).  Hybrid 
may be better.

Cost and performance targets that should be considered?

CSP does not have unique land use 
issues.

Is economic comparison to PV 
(integrated implicit energy storage)

Gaps in these initiatives?

Material research is time consuming, 
instead of designing material, less 
corrosion issues looking at working 
fluids. Attack problem from different 
angle.
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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.

• Current Baseline: 
– 2018 CA Capacity Factor: 27.1%

• Best in Class
– Capacity Factor: ~50%

• Cost Targets:

FY 2017 FY 2018 FY 2019 2030 Target 

Land-Based

Wind

5.5 cents/kWh 

(exceeded at 

5.2)

5.4 cents/kWh 5 cents/kWh 3.1 cents/kWh
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LAND-BASED WIND - RECOMMENDED 

INITIATIVE#1 

30
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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

33

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?



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

TECH AREA #4 – OFFSHORE WIND

34

No offshore wind turbines are currently operating in the state. 

• Current Baseline: 
– 2018 CA Capacity Factor: N/A

• Best in Class
– Capacity Factor: >50%

• Cost Targets:

FY 2017 FY 2018 FY 2019 Endpoint Target 

Offshore Target
17.2 cents/kWh 

(target met)
16.2 cents/kWh 15.7 cents/kWh 

14.9 cents/kWh 

by 2020 

9.3 cents/kWh 

by 2030 
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OFFSHORE WIND - RECOMMENDED 

INITIATIVE#1 

35
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OFFSHORE WIND - RECOMMENDED 

INITIATIVE#2 

36
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OFFSHORE WIND - RECOMMENDED 

INITIATIVE#3 

37
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OFFSHORE WIND - RECOMMENDED 

INITIATIVE#4 

38
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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

40

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 –
reduce storage.  

Siting is an issue, consider using 
artificial intelligence to determine.

Gaps in these initiatives?

Was wave tech not considered due to 
TRL, what is the TRL boundary? 
Answer – focused more on time 
horizon (1-3 years with high TRL 6 or 
7), mid term (TRL 3-5 yrs, with TRL 4-
6), long term (5 yrs, basic research).  
Advocating to include wave in long 
term consideration.

Lowering cost of energy through 
taking account of farm land synergies; 
breakthroughs could be made by 
considering large farm land systems.  
Combine with large farms already 
underway (10s to 100s of floaters 
needed), innovative mooring systems 
and touch technologies

There is nothing quite like a 
demonstration project – going and 
building (e.g. Europe growing so fast in 
wind).  Not rocket science, generating 
enthusiasm in building demo project 
will be helpful.
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TECH AREA #5 – BIOENERGY

41

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

• Current Baseline: 
– 2018 CA Capacity Factor: 51.0%

• Best in Class:
– Capacity Factor: 60-70%

– Conversion Efficiency: 75-80% (Biomass energy with CHP)

• Cost Targets:
2014 

(Low Range)

2014 

(High Range)

2025

(Low Estimate)

2025

(High Estimate)

Stoker 6 cents/kWh 21 cents/kWh 5 cents/kWh 19 cents/kWh

Gasification 7 cents/kWh 23 cents/kWh 6 cents/kWh 20 cents/kWh

Anaerobic Digestion 6 cents/kWh 14 cents/kWh 5 cents/kWh 12 cents/kWh

Co-firing 4 cents/kWh 12 cents/kWh 4 cents/kWh 11 cents/kWh
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BIOENEGY- RECOMMENDED INITIATIVE#1 

42



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

BIOENERGY - RECOMMENDED INITIATIVE#2 

43
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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
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NOTES – BIOENERGY

45

Right initiatives for cost and technology breakthroughs?

Syngas cleanup important – can it 
be extended to pyrolysis activity.  
Recommended initiatives do not 
address torrefaction pyrolysis at 
lower temps. Can it be expanded 
to include both (to include solid 
fuels from pyrolysis)

Initiative # 1, syngas cleanup, is 
similar to EPIC III initiative (similar 
ones may be eliminated)

Syngas clean up is important, 
shouldn’t limit to gasification (there 
are a number of techs), language 
should be open enough.
THP is pretreatment for feedstock 
for AD, but can be other processes. 
Careful not to limit to just AD.

Biochar should be considered.

Cost and performance targets that should be considered?

Gaps in these initiatives?

Report points to previous 
assessments (UC Davis), 2013.  A 
lot of changes recently, might be 
worthwhile to do assessment for 
feedstock logistics from forestry 
and ag. Ag impacted by closers of 
plants, and incentivized forest 
feedstock.

Focus on microbial fuel cells to treat 
wastewater and treat directly from 
Microbial activity.
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TECH AREA #6 – GEOTHERMAL

46

Geothermal power produces the 3rd most energy in the state with the 3rd highest 
amount of capacity.

• Current Baseline: 
– 2018 CA Capacity Factor: 48.2%

• Best in Class:
– Capacity Factor: Up to 70%

• Cost Targets:

FY 2017 FY 2018 FY 2019 Endpoint Target

Geothermal 

Systems

22 cents/kWh 

(target met)
21.8 cents/kWh 21.7 cents/kWh

6 cents/kWh by 

2030
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GEOTHERMAL- RECOMMENDED INITIATIVE#1 

47
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GEOTHERMAL - RECOMMENDED 

INITIATIVE#2 

48
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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

50

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 – synergy with that 
project.

Importance of field testing 
initiatives, step out to areas 
adjacent or in geothermal fields, to 
promote research for geothermal.  
Access to transmission important, 
more rapidly deployed.

Additional comments submitted via 
online comment form.

Cost and performance targets that should be considered?

Gaps in these initiatives?
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TECH AREA #7 – SMALL HYDRO

51

Small hydropower resources produce the 5th most energy in the state with the 4th highest 
amount of capacity.

• Current Baseline: 
– 2018 CA Capacity Factor: 27.6%

• Best in Class:
– Capacity Factor: ~50%

• Cost Targets:

FY 2017 FY 2018 FY 2019 Endpoint Target

Small Hydro 

(streams)

11.5 cents/kWh 

(target met)
11.4 cents/kWh

11.15 

cents/kWh

10.9 cents/kWh 

by 2020

8.9 cents/kWh 

by 2030
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SMALL HYDRO- RECOMMENDED INITIATIVE#1 

52
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SMALL HYDRO- RECOMMENDED INITIATIVE#2 

53
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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?

54
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NOTES – SMALL HYDRO

55

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 – conduits for hydro, 
man made infrastructure.  Connect to 
grid and distribution system, is where 
to focus.  Heavily governed by Rule 21.  
No credit for grid benefits that it 
offers.
Barriers to entry ripe for research –
incentive programs or policy that 
would allow for co-op, IOU etc. which 
may defer grid upgrades.  Configured 
based on capacity factors that seem 
low.

Like biomass, small hydro provides grid 
benefit, how to balance with grid 
investments.  Has to survive on cash 
flow.
Policy changes for this to flourish

Small modular incentives (CEC funded) 
already underway. 

How can small distributed hydro 
improve CA’s grid? 

Gaps in these initiatives?

Every site is new for hydro.  No 
incentive to take panel, lack of clarity 
on IOUs, no incentive for non-std 
panel thru nat’l certification process.  
Std to fast track to interconnection.  

Configure small hydro to be more 
connected, standardization
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TECH AREA #8 – GRID INTEGRATION

56

Grid Integration Technologies and Strategies can be grouped into four 

categories:

• Transmission and Distribution Infrastructure

• Devices, Measurement, and System Controls

• Design, Modeling, and Resource Planning

• Resilience

California requires expansion of grid infrastructure either in the form of 

retrofits or new installations.
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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

60

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
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Current energy storage capacity in California is at 4.3 GW with over 95% of that capacity 
supplied by Pumped-Storage Hydropower (PSH)

• Current Baseline: 
– Round-Trip Efficiency: 60-80%

• Best in Class:
– Round-trip Efficiency: >80%

• Cost Targets:

FY 2017 FY 2018 FY 2019

Grid-scale (>1 MW) 

aqueous soluble organic 

electrolyte (redox flow 

battery system)

$350/kWh for a 4-hour 

aqueous soluble organic 

flow system

$225/kWh for a 4-hour 

aqueous soluble organic 

flow system; projected 

1 MW/4 MWh system 

operating at 150 mA/cm2

By the end of FY 2025, the 

cost of a prototype redox 

flow battery system will be 

$100/kWh
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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 –
important as we deploy renewables.  
Should include investigating hydrogen 
energy storage, and renewable nat. 
gas storage.

Need focus on improving round trip 
efficiency and reducing cost of flow 
batteries

Agree with these initiatives being high 
priority.

Consider managed electrified fleet 
vehicle charging as an asset, different 
form of DER.

Cost and performance targets that should be considered?

Success timeframe – there are techs 
that can demonstrate success earlier 
than that.

Gaps in these initiatives?

Missing hydrogen energy storage, as 
mature or more mature than others 
listed

Hydrogen important for future 
research, Europe, hydrogen in to 
methane, also electrolyzers (from 
renewable sources), further analysis or 
assessment of how these are going in 
Europe
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WEBINAR CLOSING
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(accessible on the Energy 
Commission Research Idea 
Exchange docket)

Now:

• Technical Assessment

• Preliminary Report

Next Week:

• June 28 Public Webinar 
Slides

Future Date:

• Roadmap Report

Written comments will be 

received by the Energy

Commission through July 

12, 2019.

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



