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What we planned to accomplish this period 
1. We will complete the January CPR#2 
2. We will transition from working on writing papers to working on the new calculations
3. We will continue to meet with stakeholders and community representatives to gather inputs and request feedback
4. We will meet with E3 to plan how we can move forward with using the New Modeling Toolkit for our calculations, including continuing the sort of analysis that we presented in this report.
5. We will begin the SWITCH studies of the effect of including or excluding imports  
What we actually accomplished this period 
1. January CPR#2 
The CPR #2 was held on Jan. 21. 
The presentation is included as an attachment.
We anticipate some additional follow up meetings.
2. Transition from working on writing papers to working on the new calculations 
This is the last month we will include the tracking (see Table 1) of the multiple papers we started in the first phase of the project.
Most of the papers have been submitted. Only two are still in development. We will report on those separately in future months.
Paper #4: Review of storage technologies: The resubmission in the first week of January was successful and the paper is now accepted and is in press.
Paper #5a: Winter-dominant wind: We are awaiting review of our resubmission.
Paper #5b: Statistical analysis of storage needed as a function of mix of generation: The concepts being presented in this paper are somewhat subtle and we are continuing to refine the messages.
Table 1. Papers that are in progress. New developments are in bold.
	Topic of paper
	Targeted journal
	Status
	Lead author
	Primary conclusion/impact

	1a. Defining long-duration storage
	Issues in Science and Technology
	Published 
	All
	Defining long-duration storage broadly will stimulate innovation

	1b. Defining long-duration storage
	Joule
	Published 
	Noah Kittner 
	Defining long-duration storage broadly will stimulate innovation; define taxonomy

	2. Seasonal challenges
	PVSC conference proceedings
	Published
	Mahmoud Abido 
	Seasonal storage in a solar-driven grid will show minimum energy storage during the winter

	3. Seasonal challenges
	iScience
	Published
	Mahmoud Abido
	Biggest challenges to resource adequacy will occur during the winter unless off-shore wind or a flat or dispatchable generator is added

	4. Review of currently available storage technologies
	Renewable and Sustainable Energy Reviews
	Accepted and in press
	Rui Shan and Jeremiah Reagan
	There are many storage options, some of which have the potential to replace existing fossil fuel plants

	5a. Analysis of winter-dominant on-shore wind resource in California
	Renewable and Sustainable Energy
	Awaiting review
	Zabir Mahmud 
	A small number of wind generators in California generate more electricity in the winter than in the summer. We are assembling data to assess how consistently this is seen and to assess what fraction of California could show winter-dominant wind generators.

	5b. Hierarchical approach to modeling minimum energy storage requirement
	Joule
	Data are being recalculated based on paper 5a and other results. Data are being organized for first draft
	Zabir Mahmud 
	The hierarchical storage approach allows us to identify how frequently storage is needed as a function of the generation profiles used and other features.

	6. Time sampling in modeling of storage
	Energy and Environmental Science
	Awaiting review
	Pedro Sanchez
	What is the effect of choosing different time periods on modeling long-duration storage? 

	7. Impact of load shifting
	PVSC conference proceedings
	Published
	Ashling Leilaeioun
	Impact on revenue when load shifting is used to move load from the head of the duck to the belly of the duck

	8. Value of south-facing tilt
	PVSC (conference) and IEEE JPV (journal)
	Awaiting review
	Russ Jones
	Understanding the benefits of using south-facing tilt to reduce seasonal storage. It may be that a primary benefit is being able to better use the surplus electricity.

	9. Effect of cost on adoption of longer duration storage
	TBD
	Manuscript in development
	Martin Staadecker
	Longer duration storage is selected by the model as the storage cost is reduced


Paper #6: Time sampling for capacity expansion planning: The manuscript was submitted to Energy and Environmental Science. We are awaiting review.
Paper #8: Optimizing the configuration of photovoltaic plants to minimize the need for storage: We are awaiting review of this paper.
Paper #9 Effect of cost on adoption of longer duration storage: This work is in progress and will be reported on in a later monthly report – see below for more information.

3. Stakeholder and collaborator meetings: During the month of January, we met with: 
· Roderick Go at E3
· Participated on panel at the Energy Storage North America conference and met in person with many people there
· Sean Soni, Paul Lin, Jason Egan, Hilary Petrizzo, Hugo Mejia and Vijay of SoCalGas
· Lewis Fulton at UC Davis
· Sophie Meyer, Annie Baldwin, Natalie Bodington, Justin Adamson, and Rachel Orsini of Form Energy
· Gave presentation for “Conversations in Energy Storage Integration” panel as part of a strategic planning process at the National Renewable Energy Laboratory
· Michael Firenze of Indian Energy regarding the Rapid Integration and Commercialization Unit
· Erin Childs of Strategen 
4. We will meet with E3 to discuss modifications to RESOLVE
A conversation with Roderick Go at E3 identified that some of the efforts we have been working on are similar to things they have been working on. So, we agreed to focus on implementation of variable time steps.
Tables 2 and 3 summarize changes we are working on implementing.
[bookmark: _Toc95084008]Table 2. List of input files that need to be modified to implement variable time steps
	File name
	Folder name
	Calculation
	Comment

	Rep_periods.csv
	new-modeling-toolkit/data/settings/resolve/[scenario name]/temporal_settings
	None
	Use the separate “critical time points” calculation results to create this data set. Note that this is the file that is loaded in (see above)

	Chrono_periods.csv
	new-modeling-toolkit/data/settings/resolve/[scenario name]/temporal_settings
	None
	It is not clear if this file is needed. Given the use of the “manual” loading method defined in temporal.py, we expect that the chrono_periods file is identical to the rep_periods file. It could be possible to consider using the chrono_periods.csv file as the 8760-hour file from which to derive the rep_periods.csv file, but we plan to make the two files be identical

	Attributes.csv
	new-modeling-toolkit/data/interim/resources/[candidate resource name]
	Average during time step
	Recorded value is average during time step before the indicated time

	Attributes.csv
	new-modeling-toolkit/data/interim/loads/[zone name]
	Average during time step
	Recorded value is average during time step before the indicated time

	Attributes.csv
	new-modeling-toolkit/data/interim/reserves/[reserve name]
	Maximum during time step
	Recorded value is maximum during time step before the indicated time – this gives a worst case analysis for the capacity expansion plan, but this is appropriate.
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[bookmark: _Toc95084009]Table 3. Software modifications needed to implement variable time steps
	Task
	Code location
	Details
	Comment

	Add timestep to use in sum_timepoint_to_annual 
	Temporal.py
Def find_representative_periods
Or
Model_formulation.py
Def _configure_model(self)
	Name of variable: “timestep” 
May implement separately for two cases specified by “if” or do it once at the end.
Set =1h for first index, then = (df[0,index] - df.[0,index-1]) for subsequent values in manual or the dataframe is referred to as self.model.rep_periods in model_formulation. 
This may be most easily be done by first assigning a new row to timestep, setting it =1
	We need to keep the “hour” as a sequence with step size of 1, as “hours” serves as an index, so we should calculate Timestep from value in the dataframe, but the reference to the dataframe will be different in temporal.py from what it would be in model_formulation. So, decide first where to put it and then work on the syntax.
May be done in temporal.py or in model_formulation, which calls temporal.py. E3 has not yet indicated a preference for where to implement it.
When taking the difference between the two timestamps, need to make sure we get the number of hours rather than the number of seconds.
We may start by implementing only for the “manual” branch and add for the k medioids branch later.


	Add weighting to summation of timepoint-based values
	Model_formulation.py
Def sum_timepoint_to_annual
	Multiply each attribute by “timestep” before taking summation in Sum_timepoint_to_annual.

	Sum_timepoint_to_annual is called by:
· Annual_Resource_Fuel_Consumption for all fuels
· Candidate_Fuel_Production_From_Electrofuel_Resources_MMBTU for all electrofuels
· Annual_Provide_Power for all plants
· Annual_Increase_Load for all plants
· Annual_Transmit_Power_Forward for all transmission lines
· Annual_Transmit_Power_Reverse for all transmission lines
· Energy_Constraint_LHS for all resources
· Total_Cost_In_Model_Year which includes 
· variable costs 
· curtailment costs
· hurdle costs forward and reverse
· burn-in costs. – technically, this may not be correct, but it will simplify things for us to accept that
· Software indicates will add unit_start/stop costs later – need to assess and/or deal with this later
· Penalty unserved energy
· Penalty overgeneration
· Penalty inadequate reserve

	
	
	
	

	Check code for potential problems
	Temporal.py
validate_rep_duration
	No action
	This confirms that the period duration is a multiple of an hour. No change is needed

	Check code for potential problems
	Temporal.py
_pivot_profiles_into_periods
	No action
	Is not used for manual loading, so don’t need to change this unless the k medioid approach will use variable time steps. But DO need to add the timestep row to the dataframe

	Check code for potential problems
	Model_fomulation.py
move_chrono_time_by_steps
	No action, but may become problem when it becomes used later
	E3 describes: Additional “move_chrono_time_by_steps” helper function is an as-yet-unused helper function to moved in but assumes chronological periods of equal duration
Convenient to have a mapping of all hours in year even if only modeling a subset (for example, if we are modeling for a given day 0:00 and 12:00, a way to determine that 11:00 is mapped to 0:00 and not 12:00)

	Check code for potential problems
	Model_formulation.py
Self.model.timepoints_per_period is used to define:
Rep_periods_per_model_year which defines:
Num_periods_model_year which = hours_per_year/pyo.value(model.timepoints_per_period)

	Num_periods_model_year is used as a multiplier in Sum_timepoint_to_annual
It is also used to calculate Inter_Period constraints
	timepoints_per_period is described as the “length” and it’s initialized as “len(self.model.HOURS)” which would be 8760 for a non-leap year with hourly steps. num_periods_model_year should = 1 when we are modeling the full year. However, if we use variable time steps, it will be assigned a larger number. 
This could be addressed in multiple ways. We propose to replace
self.model.timepoints_per_period = pyo.Param(initialize=len(self.model.HOURS))
with
self.model.timepoints_per_period = pyo.Param(initialize=sum(self.model.timesteps))


	Adjacency constraint
	Model_formulation.py
Increase_Load_Intra_Period_Adjacency_Constraint
Provide_Power_Intra_Period_Adjacency_Constraint
	No action unless select adjacency constraint
	Currently, these use hour to calculate these constraints. Need to replace hour with timestep 
These currently appear to be applied only to one of the EV resources. If the adjacency constraint is not selected in the input files, then we do not need to change this code.  Do not need to modify the “Inter” counterparts for this.

	Apply parasitic power
	Model_formulation.py
SOC_Intra_Tracking_Constraint
Electrofuel_SOC_Intra_Tracking_Constraint
	Currently, always calculates loss for 1 hour need to use timestep instead
	Replace the 1 with the timestep for that [rep_period, hour] : Replace
== apply_parasitic_loss(
                        model.SOC_Intra_Period[resource, model_year, rep_period, hour],
                        self.system.resources[resource].parasitic_loss,
                        1,
                    )
with
== apply_parasitic_loss(
                        model.SOC_Intra_Period[resource, model_year, rep_period, hour],
                        self.system.resources[resource].parasitic_loss,
                        self.model.timestep,
                    )
Confirm that self.model.timestep is the correct way to refer to timestep
Don’t need to change the lines in Inter_Tracking heper functions.

	Check code for potential problems
	Model_formulation.py
SOC_Inter_Intra_Max_Constraint
Plus 3 similar with Min and Electrofuel
	No action
	It’s not clear that these are relevant. Didn’t find where they are called. If they are needed, then we need to look at calculating the Inter values.

	Manage ramp rates
	Model_formulation.py
Ramp_Rate_Intra_Period_UB_Constraint
Ramp_Rate_Intra_Period_LB_Constraint
	Need to make change – see text for example of fix, then apply to both constraints
	There is a “TODO” to complete implementation of multi-hour ramps, but it appears they already include 4 hours.
The algorithm needed for this is too complex for this table – see text

	Variable costs not using sum_annual
	Model_formulation.py
Plant_Variable_Cost_in_timepoint
	No additional change
	In general, these should all scale with average power multiplied by timestep, so should be handled ok, as discussed above




The constraint that is applied is that the change (ramp_MW) in the dispatched power out (“Asset_Net_Power_MW”) must be less than the specified ramp rate for the ramp_duration (where they currently specify duration = 1, 2, 3, or 4 hour). 
   return ramp_MW <= rr * model.Operational_Capacity_In_Model_Year[asset, model_year]

The ramp rate values are specified relative to the power rating. So, rr may be 0.5, meaning that the output may change by 50% of the rated power in the specified duration. Or, rr may be 8, meaning that the output may change by 800% of the rated power in one hour. Only the hydro plant has values specified for ramp_rate_2_hour…ramp_rate_4_hour. The call to calculate rr is completed for duration = 1, 2, 3, and 4 in all cases, but if ramp_rate_2_hour isn’t defined, then rr is not defined for that constraint. 

To handle the ramp rates for variable timesteps, we first should recognize that we plan to follow the initial capacity expansion modeling by a second calculation of the dispatch for the hourly case. The ramp rate constraints would be handled correctly in the latter case, so it may not matter whether they are handled correctly in the optimization that is using time steps. 
Thus, we propose a simple approach:

If timestep >= duration, then next_hour  = hour + 1 because indexing by 1 will move to the next timestep.
If timestep<duration, then it must be that duration > 1. Duration could be 2, 3, or 4. Similarly, timestep could be 1, 2, or 3. Thus, only hydro (at least with the current set of assets) falls into this case.
The timestep for the following step might be much greater. So, it would be best to constrain the ramp rate for the 1, 2 or 3 hour timestep sure that the ramp rate  
Replace:
               next_hour = hour + ramp_duration
                timepoint_1 = rep_period, hour
                timepoint_2 = rep_period, next_hour
                attr = "Asset_Net_Power_MW"
                ramp_MW = get_ramp_MW(asset, attr, model_year, timepoint_1, timepoint_2)
                return ramp_MW <= rr * model.Operational_Capacity_In_Model_Year[asset, model_year]
With
               next_hour = hour + ramp_duration
                timepoint_1 = rep_period, hour
                timepoint_2 = rep_period, next_hour
	   FOR 3 times:
       if (timepoint_2-timepoint_1 > ramp_duration AND next_hour – hour > 1) 
then next_hour -=1 #(if overshot, go back)
                	timepoint_2 = rep_period, next_hour
	      else exit FOR
                attr = "Asset_Net_Power_MW"
                ramp_MW = get_ramp_MW(asset, attr, model_year, timepoint_1, timepoint_2)

                return ramp_MW <= rr * model.Operational_Capacity_In_Model_Year[asset, model_year]

5. We will begin SWITCH studies
Here we describe 5 studies that have been started using SWITCH.
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”

The objective of this study is to understand how different factors (solar versus wind dominant, hydropower availability, energy storage costs) and decisions (constrained or unconstrained transmission deployment, energy capacity storage mandates) affect the deployment and operation of LDES. We also study the impacts on electricity prices and generation mix (when this is not an assumption and it is optimized for). Table 4 summarizes the different sets of scenarios we study.
[bookmark: _Toc94430159]Table 4 Scenarios for Study #1
	Set A: Solar-dominant to wind-dominant
	Set A is used to understand the interplay between LDES and the share of wind vs solar capacity. The set compares the baseline against 8 scenarios where an extra constraint fixes the ratio of WECC-wide wind capacity to WECC-wide solar capacity anywhere from 0.1 to 1.5. For reference, the ratio is 0.23 in the baseline (approximately 80% solar and 20% wind).

	Set B: Decreasing hydropower
	Set B is used to understand the effect of reduced water levels on LDES. The set compares the baseline against 5 scenarios with reduced hydropower where all water flows are reduced anywhere from 15% to 100%.

	Set C: Highly constrained to highly unconstrained transmission line expansion
	Set C is used to understand the interplay between storage and inter-zonal transmission. The set compares the baseline against two scenarios (almost no new transmission, and copperplate). 

	Set D: Varying storage energy capacity costs
	Set D is used to understand how variations in the cost of energy storage impact the grid. The set compares the baseline (22.43$/kWh) against 10 scenarios where energy storage costs range from 0.5$/kWh to 102$/kWh.

	Set E: Increasing amounts of energy
	Set E is used to understand the WECC’s behavior under increasing amounts of energy storage that could be mandated at the state or federal level. The set compares the baseline with 1.94 TWh of energy storage to 13 scenarios where an extra constraint fixes the WECC-wide storage capacity to anywhere from 2 TWh to 64 TWh.



Study 2:

The objective of this study is to identify cost targets for different LDES clusters to become competitive.
[image: ]
[bookmark: _Toc93618766][bookmark: _Toc94430143]Fig. 2. 1 Diagram depicting different needed price targets for a LDES technology to become competitive as a function of time.

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).

Study 4:

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).

Study 5:
“Optimizing cross-sectoral energy and storage needs for Western North America”

The objective of this study will be to understand how the deployment and operation of LDES changes as we incorporate flexibility from other sectors such as
1. Energy efficiency, electrical vehicles (as a static load), and heating electrification
2. Electrical Vehicle smart charging (tentatively depending on computational intensity)
3. Demand Response energy arbitrage (tentatively depending on computational intensity)
4. Hydrogen modeling
In terms of hydrogen modeling, SWITCH can build for each load zone and period:
· Electrolyzers (MW)
· Liquefiers (capacity in kg/hour, and ultimately it calculates it in MW) 
· Hydrogen tanks (in kg and has a constraint for a minimum size)
· Fuel cells (MW)
In this set up, hydrogen is modeled as a storage technology that can use liquifiers and fuel cells in each load zone. We will consider modeling a demand for hydrogen production (cross-sectoral), for example from transportation.

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 hope to catch up with this soon.
What we expect to accomplish during the next period 
1. We will complete the Deliverable for Task 5.1
2. We will continue to meet with stakeholders and community representatives to gather inputs and request feedback
3. We will implement the changes needed to run the new RESOLVE with variable time steps and share this with E3.
4. We will continue the five SWITCH studies and will begin reporting more consistently on their status.  
5. We request feedback on the Draft Grid Scenario Summary in preparation for submitting the final version in March.
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
	Awaiting CEC approval of revised budget

	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
	4/1/22
	

	
	
	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
	

	
	
	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
	In progress

	
	
	Final
	3/7/22
	

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

	
	
	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
	First draft is attached

	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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