Long Duration Energy Storage Survey

Background Information

Affiliation: 
Role:

1. Define long duration storage. In your mind, what are the fundamental qualities of a long duration energy storage system?



Rank the following characteristics from 1-5, 1 being not essential and 5 being the most essential. 
Also check the box for the minimum requirement of the quality.

Low renewable scenario (<30% solar & wind integrated generation)

[bookmark: Check1]|_| Low energy loss during storage:

[bookmark: Check2]|_|<1% energy loss over 4 hour;
|_|<1% energy loss over 10 hour;
|_|<1% energy loss over a week;
|_|<1% energy loss over a month;
|_| Other:_________

|_| High energy to power ratio (EPR: MWh/MW):
|_| EPR; |_| EPR; |_| EPR; |_| EPR; |_| Other:_________

|_| Large energy rating:

	|_| ; |_| ; |_| ; |_| Other:_________

|_| Large power rating:

	|_| ; |_| ; |_| ; |_| Other:_________

High renewable scenario (>80% solar & wind integrated generation)

|_| Low energy loss during storage:

|_|<1% energy loss over 4 hours;
|_|<1% energy loss over 10 hours;
|_|<1% energy loss over one week;
|_|<1% energy loss over one month;
|_| Other:_________

|_| High energy to power ratio (EPR: MWh/MW):

|_| EPR; |_| EPR; |_| EPR; |_| EPR; |_| Other:_________

|_| Large energy rating:

	|_| ; |_| ; |_| ; |_| Other:_________

|_| Large power rating:

	|_| ; |_| ; |_| ; |_| Other:_________

2. Which services can LDES provide that short duration storage cannot? Rate them from 1-8, 8 as the most essential and 1 being least essential; 

Low renewable scenario (<30% solar & wind integrated generation)

|_| Weekly to seasonal energy storage
|_| Resource adequacy: Capacity  
|_| Resource adequacy: Flexibility
|_| Black start
|_| Voltage support
|_| Frequency regulation and reserve ( from less than one second to less than 30 minutes)
|_| Inertia
|_| Enhance cyber and cyber-physical security 
|_| Other:_________

High renewable scenario (>80% solar & wind integrated generation)

|_| Weekly to seasonal energy storage
|_| Resource adequacy: Capacity  
|_| Resource adequacy: Flexibility
|_| Black start
|_| Voltage support
|_| Frequency regulation and reserve ( from ~second to <30min)
|_| Inertia
|_| Enhance cyber and cyber-physical security 
|_| Other:_________







3.  Which cost metric best measures an LDES technology when comparing different storage technologies? Rank them under two scenarios.

Low renewable scenario (<30% solar & wind integrated generation)

|_| Overnight cost in $/kW; 	|_| Overnight cost in $/kWh; 
|_| Levelized Cost of Electricity (LCOE); |_| Levelized Cost of Storage (LCOS); 
|_| A function between capital cost and power;  |_| A function between capital cost and energy 

High renewable scenario (>80% solar & wind integrated generation)

|_| Overnight cost in $/kW; 	|_| Overnight cost in $/kWh; 
|_| Levelized Cost of Electricity (LCOE); |_| Levelized Cost of Storage (LCOS); 
|_| A function between capital cost and power;  |_| A function between capital cost and energy 

4. What cost metrics are missing in resource planning? (Open ended)






5. What percentage of the revenue for a LDES project comes from the following services? (do not include the cost nor profit but only the revenue)

Low renewable scenario (<30% solar & wind integrated generation)

|_| Intra-day energy; |_| Multi-day energy; |_| Monthly energy;  |_| Resource adequacy payment (e.g. capacity credits); |_| Frequency regulation; |_| Reserve; |_| Voltage support;  |_| Uplift;  |_| Tax credits;  |_| Other:_____

High renewable scenario (<30% solar & wind integrated generation)

|_| Intra-day energy; |_| Multi-day energy; |_| Monthly energy;  |_| Resource adequacy payment (e.g. capacity credits); |_| Frequency regulation; |_| Reserve; |_| Voltage support;  |_| Uplift;  |_| Tax credits;  |_| Other:_____

6. What market or policy design is missing for LDES? Rate them with 5 being the most important and 0 as the least important for the market access in the current resource mix ( <30% solar wind integrated generation)

|_| A special frequency regulation/reserve market for LDES;
|_| A special capacity market for LDES;  Like a market for post-disaster capacity planning;
|_| Subsidy on project investment and/or operation;
|_| Procurement Mandate;
|_| Other:_______
7. What would be an ideal system configuration of LDES? given current market conditions? 

For market entry in a low renewable scenario (<30% solar wind integrated generation) 

|_| Pair with intermittent resource (Solar, wind, run-of-river hydropower etc.)
|_| Pair with low cost thermal power plant including nuclear, coal and natural gas plants
|_| Standalone
|_| Pair with substation and limited participation in wholesale market
|_| Other:_________

A mature market under a high renewable scenario (>80% solar wind integrated generation) 

|_| Pair with intermittent resource (Solar, wind, run-of-river hydropower etc.)
|_| Pair with low cost thermal power plant including nuclear, coal and natural gas plants
|_| Standalone
|_| Pair with substation and limited participation in wholesale market
|_| Other:_________

8. Rate the following market characteristics for their attractiveness for long duration energy storage? 5 being the most attractive and 1 being not attractive at all.

|_| High penetration of intermittent resource and low flexible resources
|_| High risk of blackout due to natural disaster, unstable demand, etc.
|_| Large mismatch of consumption and generation at weekly, monthly or seasonal scale
|_| Market with LDES mandate
|_| Market with LDES subsidy
|_| Other:_________

9. Rate the following major barriers limiting deployment of LDES projects. Rate 8 as the most important. You can mark 0 if you do not think the item is a barrier.

|_| Lack of modeling tool to demonstrate the value of LDES
|_| Lack of market mechanism to make LDES financially attractive
|_| Lack of policy support: Please specify:___________ 
|_| High cost (capital, O&M, etc.)
|_| High financial risk (unstable revenue, unstable policy etc.)
|_| Low market/customer acceptance
|_| Technical constraints: Please specify:_____________ (energy density, degradation, energy loss, efficiency, scalability etc.)
|_| Other:_________



10. Rate the following challenges from most to least difficult to solve for LDES. Rate 8 as the most difficult. You can rate 0 as least difficult.

|_| A modeling tool to demonstrate the value of LDES
|_| Innovative of market design to make LDES financially attractive
|_| Proven business models
|_| Supportive policy, Please specify:___________ 
|_| Considerable cost reduction
|_| Controllable risk in project development and operation
|_| High market/customer acceptance
|_| Technical improvement: Please specify:______ ______ (energy density, degradation, energy loss, efficiency, scalability, etc.)
|_| Other:_________


11. What is your cost target for long duration storage in general?

|_| An exact number:___________
|_| competitive with pumped storage	|_| competitive with Li-ion battery
|_| competitive with coal power plant	|_| competitive with NGCC plant
|_| competitive with solar and wind


12. What other thoughts or concerns do you have regarding the development and deployment of long duration energy storage?
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