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What we planned to accomplish this period 
1. We will continue to meet with stakeholders and community representatives to gather inputs and request feedback
2. We will extend our calculations on the effects of variable solar profiles to include multiple long-duration energy storage options
3. We will complete a first draft of a paper describing the effect of the EV charging profiles on the need for energy storage
4. We will complete a first draft of a paper about the potential effect of oxycombustion on the need for long-duration energy storage
5. We will revise a draft of a paper about the opportunity for hydrogen generation.
6. We will discuss the draft list of questions in section 6 both amongst our team members and with our manager in preparation for presenting a clear set of conclusions at the final public workshop.
What we actually accomplished this period 
1. Stakeholder and collaborator meetings: During the last month, we met with: 
· Roderick Go of E3
· Steve Moore (Climate art project)
In May, we focused on writing papers – in June-August we will be refining those messages for public presentation.
2. We will extend our calculations on the effects of variable solar profiles to include multiple long-duration energy storage options
As described in the April monthly report, we have found that using a south-facing tilt can reduce the overall system cost by reducing the curtailment, as shown in Fig. 1. Depending on the relative costs of the three mounting configurations (estimated by the three vertical rectangles in the 2045 graph of Fig. 1) the optimization shows that in 2045, it could be substantially cheaper if the new installed solar were to use south-facing tilt along with the common 1-axis tracking. There is minimal motivation today to use south-facing tilt, so companies have focused on innovating low-cost ways to install horizontal (no tilt) 1-axis-tracked systems. In the future, it could be possible to identify low-cost approaches to using south-facing tilt. If the cost of the tracked system with south-facing tilt can be made to be close to that of the horizontal (no-tilt) system, then that could become the preferred system of the future.
[image: ]
Fig. 1. Total system cost when adding solar using three mounting configurations as a function of the solar cost relative to the baseline tracked-no-tilt cost
 
On the other hand, California has set a course of installing more on rooftops. Installers of rooftop systems routinely select south-facing or west-facing sections of the roof so as to optimize electricity generation at valuable times of day. We did not study the relative value of west-facing systems, but we expect that they may also help to prolong solar generation into the evening. 

The red rectangle in Fig. 1 suggests that the fixed-tilt systems are likely to be less expensive than the 1-axis-tracked, horizontal (no-tilt) systems. However, the systems installed on rooftop tend to be smaller than the utility-scale systems and may be more expensive (rather than less expensive), but the rooftop systems may also deliver the electricity directly to the building where the electricity will be used, reducing distribution costs.

We also optimized systems with options for 8-h, 12-h, and 100-h storage. We found that the cost that each of the storage options needed to reach to be selected over a 4-h battery was independent of the solar configuration. However, the amount of the long-duration storage that was selected was dependent on the solar mounting configuration. 

Thus, the conclusions that we plan to present at the public workshop include:
• Using south-facing tilt for solar installations reduces curtailment and the total system cost. By improving the alignment between the generation and load profiles, it effectively reduces the need for long-duration energy storage.
• The cost that a new 8-h, 12-h, or 100-h storage technology needs to compete with shorter duration storage is relatively independent of the solar mounting configuration
• The solar mounting configuration can affect the model’s selection of solar vs wind, which, in turn affects the need for long-duration energy storage.
3. We will complete a first draft of a paper describing the effect of the EV charging profiles on the need for energy storage
A manuscript was submitted to the North American Power Systems conference. If accepted for presentation, the paper would be submitted in the fall. The draft is attached.  

In discussing these results and how they could be presented to the CEC in a useful way, we noted that an estimate by Senator Becker suggests that California could install 26 GW of solar over parking lots.[footnoteRef:1] Senate Bill 49 proposes[footnoteRef:2] to develop a plan about how to use solar in California Department of Transportation’s right of way with the suggestion that some of that solar electricity could be used for charging electric vehicles. We are looking into the cost of adding EV charging hardware to the solar canopies over parking lots to compare that cost with the avoided cost of storage if cars accessing charging stations in parking lots during the day could reduce the demand for nighttime EV charging. [1:  https://pv-magazine-usa.com/2023/04/12/california-senate-transport-committee-passes-solar-parking-canopy-and-highwayside-law/ ]  [2:  https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240SB49 ] 


The conclusions that we plan to present at the public workshop include:
• Daytime EV charging reduces the need for energy storage.
• The cost that a new 8-h or 12-h storage technology needs to reach to compete with shorter duration storage is relatively independent of the EV charging profile
• We are working on translating this into a useful perspective regarding the investment that would be needed to reduce the need for the energy storage relative to the anticipated cost of that energy storage.

4. We will complete a first draft of a paper about the potential effect of oxycombustion on the need for long-duration energy storage
As noted in the April monthly report, an initial study on oxycombustion will be presented in June at the Photovoltaic Specialists’ Conference (PVSC) with a presentation targeting an audience with expertise in solar. The final paper for the PVSC is attached. The work was extended and submitted to the North American Power Energy Systems conference with a greater focus on the use of long-duration energy storage. (This second paper is also attached) 
We plan to share these results at the public workshop later this summer.
 The conclusions that we plan to present at the public workshop include:
• The oxycombustion was selected to be dispatched at times when storage might otherwise be used (all day on many winter days and at night during other winter days and during late-summer, early-fall days), 
• The selection of oxycombustion significantly reduces the amount of storage needed (4 GW of oxycombustion reduced the needed solar by 9 GW and the need for storage by 6 GW).
• A result of this study that will be presented as part of the broader study is that a round-trip efficiency of 80% makes a long-duration energy storage technology much more competitive than a storage technology with 50% round-trip efficiency. 

5. We will revise a draft of a paper about the opportunity for hydrogen generation
The draft described in the April report is progressing, but it is not yet ready for submission – for primary results, see the April report.  
6. We will discuss the draft list of questions in section 6 both amongst our team members and with our manager in preparation for presenting a clear set of conclusions at the final public workshop.
We have revised the list of questions suggested in the April report:
Diurnal long-duration energy storage (LDES):
• For diurnal applications, what cost does an LDES need to reach to compete with what we expect for 4-h Lithium batteries? (We propose to plot this cost target as a function of year)
• How is this target cost affected by duration and efficiency?
• How is this target cost (as a function of duration and efficiency) affected by the EV charging profiles? See the proposed answers in Section 3 above.
Multi-day long-duration energy storage:
• How will the implementation of electrolyzers for hydrogen generation affect the need for long-duration energy storage? 
• How low does the cost of long-duration energy storage need to be for it to replace overbuild of solar (with associated curtailment)?  
• How does addition of a low-emissions, dispatchable or baseload resource affect need for LDES? See the proposed answers in Section 4 above.
All storage and including Transmission questions
• How is this target cost for long-duration energy storage (as a function of duration and efficiency) affected by the solar and wind generation profiles? See the proposed answers in Section 2 above.
• How does storage cost affect imports/exports?
• How does storage cost affect duration selected?
How we are doing compared to our plan 
Our final scenario is now defined, and we are generating results now. In discussions with our manager, we have agreed to delay the final workshop.
Significant problems or changes 
The invoicing is still behind, but we are now working on the invoice through April 2023. We now have matching funds (cost share) reported for all subcontractors.
What we expect to accomplish during the next period 
1. We will continue to meet with stakeholders and community representatives to gather inputs and request feedback
2. We will meet with our manager to discuss the draft list of questions in section 6 and proposed answers to all of the questions (some are in progress as described in sections 2-4.
3. We will finalize the plan to meet with CEC representatives to discuss our public presentation plans sometime in July. This meeting will define the agenda for the public workshop.

Status of Milestones and Products. (highlighted dates need to be modified still)
	Task #
	Task
	Deliverable
	Due date
	Status

	1.2
	Kick-off meeting
	Updated budget
	9/18/2020
	Complete

	1.3
	CPR Meeting #1
	CPR Meeting #1
	TBD
	

	
	CPR Meeting #2
	CPR Meeting #2
	1/21/22
	Complete

	
	CPR Meeting #3
	CPR Meeting #3
	2/16/23
	Complete

	1.4
	Final meeting
	Final Meeting
	11/11/23
	

	
	
	Schedule for closeout
	11/17/23
	

	
	
	Draft and Final Written Products
	11/17/23
	

	1.5
	Progress Reports & Invoices
	Progress Reports
	Monthly
	Ongoing

	
	
	Invoices
	Monthly
	Ongoing

	1.6
	Final Report
	Draft Outline
	6/30/23
	

	
	
	Final Outline
	TBD
	

	
	
	Draft Report
	8/30/23
	

	
	
	Final Report
	10/31/23
	

	
	
	Written Responses to Comments on Draft Report
	9/15/23
	

	1.7
	Match funds
	Status letter
	9/9/20
	Completed

	1.9
	Subcontracts
	Final subcontracts
	TBD
	Completed

	1.10
		TAC
	List of potential members
	9/9/20
	Completed

	
	
	List of TAC members
	TBD
	Completed

	
	
	Documentation of TAC member commitment
	TBD
	Completed

	1.11
	TAC Meetings
	Draft TAC meeting schedule
	10/1/20
	Completed

	
	
	TAC meeting 1
	11/4/20
	Completed

	
	
	TAC meeting 2
	8/5/21
	Completed 

	
	
	TAC meeting 3
	8/19/22
	Completed

	
	
	TAC meeting 4
	3/17/23
	Completed

	
	
	Note, each meeting need multiple actions
	
	

	
	
	Final TAC meeting schedule 
	TBD
	Completed

	
	
	Draft TAC meeting agenda
	TBD
	First one completed 

	
	
	Backup materials
	TBD
	First one completed

	
	
	Final TAC Meeting agenda
	TBD
	First one completed

	
	
	TAC meeting summaries
	TBD
	First one completed

	2.1
	Data assembly
	Draft baseline description
	2/4/21
	Completed

	
	
	Final baseline description
	2/25/21
	Completed

	2.2
	Confirmation of baseline data and approach
	Draft modeling approach description
	2/4/21
	Completed

	
	
	Final modeling approach description
	2/25/21
	Completed

	2.3
	Implementation of baseline data into models to create initial baseline scenario
	Summary of baseline model results
	3/23/21
	Completed

	
	
	CPR Report #1
	15 days prior 
	Completed

	3.1
	Evaluate and document future energy storage technology alternatives
	Draft storage Technology summary
	7/2/21
	Completed

	
	
	Final storage technology summary
	12/12/22
	Completed

	3.2
	Define representative future energy storage technology alternatives
	Draft proposed storage scenarios summary
	6/1/22
	Completed 

	
	
	Final
	1/2/23
	Completed 

	3.3
	Evaluate and document future energy electricity generation technology alternatives
	Draft electricity generation technology summary
	8/2/21
	Completed

	
	
	Final
	10/12/22
	Completed

	3.4
	Define representative future electricity generation technology alternatives
	Draft proposed electricity generation scenarios summary
	4/1/22
	Completed 

	
	
	Final
	11/12/22
	Completed

	4.1
	Multi-day model optimization
	Summary of multi-day baseline model results
	9/2/21
	Completed

	
	
	CPR #2
	Summer
	Completed

	4.2
	Grid scenario selection
	Draft grid scenario summary 
	2/8/22
	Completed

	
	
	Final
	3/7/22
	Completed

	5.1
	Preliminary Scenario Analysis
	Draft preliminary analysis summary 
	7/1/22
	Completed

	
	
	Final
	8/26/22
	Completed

	5.2
	Final scenario analysis
	Draft final analysis summary (form will be presentation)
	6/30/23
	

	
	
	Final
	7/20/23
	

	6.1
	Initial public meetings
	Opening workshop presentation materials
	11/17/20
	Completed

	
	
	Northern CA workshop
	12/3/20
	Completed

	
	
	Southern CA workshop
	12/3/20
	Completed

	
	
	Opening workshop summary
	1/8/21
	Completed

	6.2
	Public workshop for grid scenario selection
	Agenda
	11/2/21
	Completed

	
	
	Presentation materials
	11/2/21
	Completed

	
	Public workshop with CEC and TAC to present proposed scenarios
	
	11/16/21
	Completed

	
	
	Workshop summary
	11/23/21
Summarize public comments: 12/17/21
	Completed

	6.3
	Public workshop for preliminary scenario analysis
	Agenda
	6/3/22
	Completed

	
	
	Presentation materials
	7/1/22
	Completed

	
	Public Workshop with CEC and TAC to present preliminary analysis
	
	7/12/22
	Completed 

	
	
	Workshop summary
	8/9/22
	Completed

	6.4
	Public Workshop for Final Scenario Analysis
	Agenda
	7/27/23
	

	
	
	Presentation materials
	8/17/23
	

	
	Public workshop with CEC and TAC to present final analysis
	
	8/24/23
	

	
	
	Workshop summary
	9/14/23
	

	7
	Evaluation of Project Benefits
	Kick-off meeting benefits questionnaire
	9/18/20
	Completed

	
	
	Final meeting benefits questionnaire
	8/1/23
	

	8
	Knowledge transfer activities
	Draft initial fact sheet
	7/23/20
	Completed

	
	
	Final initial fact sheet
	7/30/20
	Completed

	
	
	Draft final project fact sheet
	7/25/23
	

	
	
	Final project fact sheet
	8/1/23
	

	
	
	Draft knowledge transfer plan
	12/31/20
	Completed

	
	
	Final knowledge transfer plan
	2/26/21
	Completed

	
	
	Draft knowledge transfer report
	8/1/23
	

	
	
	Final knowledge transfer report
	10/1/23
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