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Recipient Project Manager: Sarah Kurtz
Commission Agreement Manager: Jeffrey Sunquist
What we planned to accomplish this period 
1. We will complete final version of the Deliverable for Task 4.2
2. We will continue to meet with stakeholders and community representatives to gather inputs and request feedback
3. We will extend the implementation of the variable time steps to the PSP scenario.
4. We will continue the SWITCH studies #1, #3 and #4 and will begin reporting more consistently on their status.  
5. We will prepare the deliverable for Task 3.4.

What we actually accomplished this period 
Note: the numbering of items 1-5 above is reported in the heading style with italics. Our efforts for item #3 are included with its own numbering starting on page 2 and going through page 7.

1. Complete Draft Grid Scenario for Task 4.2 
The Revised Grid Scenario Summary was submitted. It is included in this package for reference.
2. Stakeholder and collaborator meetings: During the month of March, we met with: 
· Attended the California Energy Storage Alliance’s Annual Market Development Forum in Berkeley – this is an invitation only meeting and offered an opportunity to meet a number of new people who are working on storage
· Roderick Go at E3
· Julia Prochnik of the Long-Duration Energy Storage Association of California.
· Sarah Kurtz gave a presentation for CEC project EPC-19-051 Hybrid-Modular Storage Solution (HMSS) Rapid Integration & Commercialization Unit (RICU) TAC meeting
· Andrew Hartshorn of PolyJoule
· Patricia Hidalgo-Gonzalez gave a second open presentation on some results obtained using SWITCH
· Sarah Kurtz gave a presentation for group of utility representatives for a Darcy-hosted meeting entitled “De-risking LDES technologies with Indian Energy”
3. Implement variable time steps into RESOLVE code
We had targeted completing the implementation of the variable time step calculation to the PSP this month, but we ran into some snags we had not expected.   The implementation is complex for the full-size model, but we are fortunate that E3 identified this as a problem and created “Scenario tags”. The use of the Scenario tags greatly simplifies implementation of the variable time steps method, but changing direction cost us a little time during the implementation process.
To share a subset of the progress we have made, we include here the step-by-step description of the process we are implementing in the file handling. 
Steps for implementing the two-step process using critical (variable) time steps.

Goal: The goal of this modification is to enable capacity expansion planning in a two-step process that is a) similar to how the world works, and b) more importantly, we anticipate that it will provide a more computationally efficient way to obtain accurate answers, especially when storage is being used to store energy for more than 24 hours.

The selection of the critical time steps is described in a different document. The output of that process is the rep_periods.csv file with the first time point being hour 0:00 for January 1 and the last time point being 23:00 on Dec. 31. 

Scenario/scan naming strategy.

Baseline: Whatever scenario we are starting with.  The details may vary depending on what scenario we start with.
CTS: critical time points will be the first pass
HD: hourly dispatch will be the second pass

Part 1. Preparation for calculating the required capacity expansion to meet resource adequacy at the “critical times” when we expect storage to be fully filled or fully emptied and when we expect that the net load (defined as the load minus the solar and wind) will be highest. Part 1 needs to modify the input files in both the temporal settings folder and the input data to align with the new time points.

1. Create Settings files 

i. Duplicate settings folder within
new-modeling-toolkit/data/settings/resolve/[scenario name]  and add “_CTS” to the folder name for the new scenario
Duplicate all of the files inside of this folder except the rep_periods.csv, which will be overwritten
ii. Append to scenarios.csv file: Using [Scenario name] that is input as a parameter, append to scenarios.csv file (or create it) “CTS”
Store it at:
• new-modeling-toolkit/data/settings/resolve/[Scenario name_CTS]/scenarios.csv
File content should be (in order to prioritize CTS over B):
	scenarios

	B

	CTS



2. Define changes needed for the data in the interim folder by inspecting/updating the components.csv file: 
a) Identify components that will need to be modified 
• The components.csv file can be found in new-modeling-toolkit/data/interim/systems/[scenario name]/components.csv where [scenario name] may be specified as an input parameter.


The format for the components.csv file is:
	component
	instance

	Load
	zone_1

	Resource
	Solar

	Resource
	Wind

	Resource
	Gas_CCGT

	Resource
	Gas_CT

	Resource
	Battery

	Zone
	zone_1



Note that the components.csv file specifies “component” and “instance”
• Each component should be handled differently as described in Table 1.

Table 1. Identification of components to be updated
	“component”
	Ignore
	Modify attributes.csv file for this instance and create time series file

	CandidateFuel
	X
	

	ELCCSurface
	X
	

	Load
	
	X

	Policy
	X
	

	Reserve
	
	X

	Resource
	Others
	If “solar” or “wind” appears in name

	TXPath
	X
	

	Zone
	X
	



3. Modify data files for each instance in the components lists. Note: The existing code does some of this

a) Modify attributes.csv file for each instance (two modifications here): 
i) If needed: add a fourth column “scenario” to each “attributes.csv” file for each instance in 
new-modeling-toolkit/data/interim/[component folder]/[instance name]/attributes.csv
Where “component folder” = “loads”, “reserves”, or “resources” and “instance name” are taken from the components.csv file opened in step 2 (note that the component folder name usually has an “s” (e.g. “loads”) added to the component listed in Table 1 (e.g. “load”).)

ii) Add data to attributes.csv files processed as indicated in Table 2 using the format in Table 3. 
The timestamps are entered to match the critical time steps and the values record the average or the maximum value for the time interval recorded at the beginning of the time interval (in the given example, the 1/1/07 00:00 value is calculated from entries for 00:00-07:00 and the 1/1/07 08:00 value is calculated from values from 08:00 to 15:00.), using Table 2 as the guide for the type of processing.  The critical time steps are taken from the rep_periods.csv file described in the introduction. The scenario column is defined as CTS for all of the new data.

Table 2. Guide for modification of values of attributes to reflect the critical time steps
	“component”
	Attribute to update
	Processing

	Load
	profile
	Average

	Reserve
	requirement
	Maximum

	Resource
	provide_power_potential_profile
	Average



Table 3. Format of profile.csv file
	timestamp
	Attribute
	value
	scenario

	1/1/07 00:00
	[See Table 2]
	0.0
	CTS

	1/1/07 08:00
	[See Table 2]
	0.145
	CTS

	1/1/07 16:00
	[See Table 2]
	0.723
	CTS




4. How to handle the rep_periods.csv file in the settings folder? 
Replace the rep_periods.csv file with one that includes only the critical time steps as described in the introduction.


5. Run the Scenario: This completes the preparation for the first optimization run. The run should be executed using the original scenario name (the scenarios.csv file will now override and supply the “CTS” data instead of the original where it was specified.)



Part 2. Preparation for second calculation which uses the capacity expansion plan from the first step and then applies an hourly dispatch to confirm that the load can be met at every hour of the year.  This second pass should create an _hd version for each period that was modeled (for example, 2030, 2035, 2040, 2045)

1. Create Settings files
i. Duplicate settings folder within
new-modeling-toolkit/data/settings/resolve/[scenario name]  and add “_hd” to the folder name for the new scenario
ii. Modify scenarios.csv file: Using [Scenario name] that is input as a parameter, modify the file to add a line with hd and the period, if there was more than one period.
Store it at:
• new-modeling-toolkit/data/settings/resolve/[Scenario name_hd]/scenarios.csv
File content should be something like (most important thing is that the last line is “hd” or “hd_2030” if we want to optimize the dispatch for each period separately):
	scenarios

	CTS

	B

	hd[_2030]



2. Identify the Operating capacities that were planned by the first step.  

a) Find the correct output folder: 
In folder new-modeling-toolkit/reports/resolve/[Scenario name_CTS]/[date/time of run]/expressions/[results file name] we can find the results.
Because the date/time format is a little awkward, it may be useful to select the most recently run results file. 
Note: If the scenario has been run more than once and we want to use something other than the most recent calculation, the time of the run may need to be specified as an input parameter.  An example of the name of the folder is “2022-03-10 23-45-29”

b) Find the correct output files:
Within the “expressions” folder identified in Step 2, we will be working with two output files:
• “Operational_Capacity_in_Model _Years.csv”  
• “Operational_Storage_in_Model _Years.csv”  

The format of the results “Operational_Capacity_in_Model _Years.csv”  file is
	ASSETS
	MODEL_YEARS
	Operational_Capacity_In_Model_Year

	Solar
	2030
	342802.19

	Wind
	2030
	8000

	Battery
	2030
	24431.2



3. Update items in resources and tx_paths folder:
a) Identify the files that need to be modified. Files can be found in these two locations:

• new-modeling-toolkit/data/interim/resources/[instance name]
Or
• new-modeling-toolkit/data/interim/tx_paths/[instance name]

Where the instance name matches the item in the ASSETS list. This will be done for every distinct item in the ASSETS list.

b) Add a line for build status in each file for each ASSET in the Operational_Capacity_in_Model_Year table:
	timestamp
	attribute
	value
	scenario

	None
	can_build_new
	0
	hd


Note: there should have already been a line that set “Can_build_new” to 0 or 1. Please leave that line untouched as we will go back to that when we aren’t running the “hd” scenario.

c) Add Operational Capacity data: Add a line in each file for each entry in the Operational_Capacity_in_Model_Year table (see Table 4 for more guidance):
	timestamp
	attribute
	value
	scenario

	1/1/30
	planned_installed_capacity
	8000
	hd


Note: there may already be lines for “planned_installed_capacity”. If these had “scenario” set to hd, then please overwrite them. If the scenario was not specified, please add new lines.

When constructing these lines, the values in the “Operational_Capacity_in_Model_Year should be transcribed using Table 4 as a guide

Table 4. Values to map from Operational_Capacity_in_Model _Years.csv to the revised attributes.csv files
	Column in results file
	What to do
	Where it ends up

	ASSETS
	Identify the appropriate attributes.csv file

	MODEL_YEARS
	Convert year to a timestamp format using Jan. 1 of that year for the day
	Enter as “timestamp” in attributes.csv file 

	Operational_Capacity_in_Model_Year
	Copy value without change
	Add entry to attributes.csv file, using timestamp from MODEL_YEARS, attribute “planned_installed_capacity” and value from this column



d) Update build plan for Storage Capacity:

Note: this step will only be included if the resource (instance) is one that is storage. This step will be skipped for the majority of the attributes.cvs file updates.

The format for the “Operational_Storage_in_Model_Year” file is
	RESOURCES_WITH_STORAGE
	MODEL_YEARS
	Operational_Storage_In_Model_Year
	scenario

	Battery_CTS
	2030
	901776.21
	hd



The values in the “Operational_Storage_in_Model_Year should then be entered in the relevant attributes.csv file using Table 5 as a guide

Table 5. Values to map from Operational_Storage_in_Model _Years.csv to the revised attributes.csv files
	Column in results file
	What to do
	Where it ends up

	RESOURCES_WITH_STORAGE
	Match to item in ASSETS  and to the name of the folder with the attributes.csv file we are modifying

	MODEL_YEARS
	Convert year to a timestamp format using Jan. 1 of that year for the day
	Enter as “timestamp” in attributes.csv file 

	Operational_Storage_in_Model_Year
	Copy value without change
	Add entry to attributes.csv file, using timestamp from MODEL_YEARS, attribute “planned_storage_capacity” and value from this column



For both c) and d) be sure to include the “hd” entry in the scenario column.

“Adding a line” includes resaving the files in all cases.


4. Update rep_periods.csv file in the settings folder: 
The actions for this are almost identical to those for step #4 in Part 1 

The rep_periods.csv file should be replaced with one that has hourly data for the same year that is being used elsewhere.
Note that we have assumed that the provide_profile data were given in the original attributes file for every hour of the year. If they were only given for 37 days, then we will need to identify new data for this.

See notes for step #4 in Part 1.

5. Run the Scenario: This completes the preparation for the simulation: The _hd scenario should then be run by running the original scenario name.

4. Updates on SWITCH studies #1, #3, and #4 and previous paper updates 
 From our previous list of papers, 
· #6 was accepted and is now in press
· #5b was submitted to joule after a quick review by the editor encouraged submission there.
Regarding the 5 SWITCH studies
Study 1:
Staadecker, M. et al, “The value of long-duration energy storage and its interaction with a zero-emissions western North-America electricity grid”
Status: This study is nearing completion and the manuscript is being developed.

Study 3:

Sanchez-Perez, P. and Serna Torre, P. et al. “Infrastructure and economic opportunities for California to leverage WECC resources to achieve 100% RE by 2045”

The objective of this study is to analyze the benefits in electricity prices and overall cost reduction from allowing imports from outside California. The analysis looks at impacts on supply and storage infrastructure and in-state required generation. Particularly focusing on the impacts related to LDES duration and operation. We perform a systematic study by analyzing capacity expansion optimal results from varying allowed imports in 2050 from 100% (no constraint on imports) and monotonically decreasing allowed imports by 10% all the way down to 0% (California independent from the rest of the WECC).

Status: Ongoing study. We expect to have a manuscript draft by May 2022. The initial findings of this study have revealed more subtleties than we expected (e.g., California might not need to rely on imports by 2050 from a least cost perspective). Thus, the team has been testing more scenarios and hypothesis to provide meaningful insights to the CEC and the energy community. We aim to understand what are the benefits (infrastructure and cost) provided by storage in a future where California might not want to depend on imports and other findings related to the value of storage and the coordination (or lack of) between California and the rest of the WECC.

Study 4:

Sanchez-Perez, P., Gonzalez, N., Srivastava, A. and Serna Torre, P. et al. “Impacts of re-designing planning and operational reserves rules on capacity expansion and operation”

The objective of this study is to understand the infrastructure impacts and storage needs of defining reserves in different ways for a zero emissions grid. Ultimately, this study will help regulators understand expected needed storage infrastructure to be able to satisfy reserves requirements as they might evolve over time (2050 reserves requirement design).
More specifically, we are analyzing how the infrastructure and operations would change depending on which technologies are eligible to provide planning reserves (thermal plants, renewables, and storage, or storage only). We have also been studying what are the impacts of modeling subregional planning reserves across the WECC. Last, we plan to study the impact of seasonal requirements for planning reserves.

Status: Ongoing study. We expect to have a manuscript draft by May 2022.
5. Prepare the deliverable for Task 3.4 
This deliverable was prepared for submission in early April.

How we are doing compared to our plan 
We have made great progress, but we still have a long way to go.
Significant problems or changes 
Invoicing is still behind. We have now completed the invoice through September 2021 and have begun work on an invoice through December 2021. The individual who was doing our invoicing left the university. The person who took over for her had a double work load, so was not able to make fast progress, but is taking action and we hope to have an invoice submitted by the end of April. 
The SWITCH part of Task 5.1 is already completed, but the RESOLVE part is behind schedule. E3 has indicated that they will be releasing the last elements of the new modeling toolkit to us in mid April. In the update on item #3 above (implementation of the 2-step process), we have made good progress, but have not yet completed and tested the software. We can turn in the deliverable for 5.1 on time, but it will be a more useful document if it is delayed. Also, once that is completed, we will be ready to schedule TAC meeting #3. We are appreciative of the CEC’s patience with our efforts.
What we expect to accomplish during the next period 
1. Submit the deliverable for Task 3.4
2. We will continue to meet with stakeholders and community representatives to gather inputs and request feedback
3. We hope to complete the extension of the implementation of the variable time steps to the PSP scenario.
4. We will continue the SWITCH studies #1, #3 and #4. We anticipate that study #1 will be submitted in April and that data will be organized for #3 and #4 to begin writing in May  
5. We will prepare the deliverable for Task 5.1.
Status of Milestones and Products.
	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

	1.4
	Final meeting
	Final Meeting
	11/11/22
	

	
	
	Schedule for closeout
	11/18/22
	

	
	
	Draft and Final Written Products
	11/18/22
	

	1.5
	Progress Reports & Invoices
	Progress Reports
	Monthly
	Ongoing

	
	
	Invoices
	Monthly
	Ongoing

	1.6
	Final Report
	Draft Outline
	6/30/22
	

	
	
	Final Outline
	TBD
	

	
	
	Draft Report
	8/30/22
	

	
	
	Final Report
	10/31/22
	

	
	
	Written Responses to Comments on Draft Report
	9/15/22
	

	1.7
	Match funds
	Status letter
	9/9/20
	Revision submitted

	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
	2/3/22
	

	
	
	TAC meeting 4
	11/2/22
	

	
	
	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
	8/12/22
	

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

	
	
	Final
	8/12/22
	

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

	
	
	Final
	8/12/22
	

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

	
	
	Final
	8/12/22
	

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

	
	
	CPR #2
	Summer
	

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

	
	
	Final
	3/7/22
	In progress

	5.1
	Preliminary Scenario Analysis
	Draft preliminary analysis summary 
	5/4/22
	

	
	
	Final
	5/16/22
	

	5.2
	Final scenario analysis
	Draft final analysis summary
	6/10/22
	

	
	
	Final
	8/12/22
	

	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
	After 5.1 draft
	

	
	
	Presentation materials
	After 5.1 draft
	

	
		Public Workshop with CEC and TAC to present preliminary analysis
	
	After 5.1 draft
	

	
	
	Workshop summary
	After 5.1 draft
	

	6.4
	Public Workshop for Final Scenario Analysis
	Agenda
	7/1/22
	

	
	
	Presentation materials
	7/1/22
	

	
	Public workshop with CEC and TAC to present final analysis
	
	7/15/22
	

	
	
	Workshop summary
	7/22/22
	

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

	
	
	Final meeting benefits questionnaire
	10/14/22
	

	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
	7/21/22
	

	
	
	Final project fact sheet
	7/28/22
	

	
	
	Draft knowledge transfer plan
	12/31/20
	Completed

	
	
	Final knowledge transfer plan
	2/26/21
	Completed

	
	
	Draft knowledge transfer report
	8/30/22
	

	
	
	Final knowledge transfer report
	10/31/22
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