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Several presentations cover challenges of adding wind and solar
.

Geologic storage, 

other approaches
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Pumped storage deployments have essentially stopped

3https://www.eia.gov/todayinenergy/detail.php?id=31372
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Pumped storage deployments have essentially stopped

4https://www.eia.gov/todayinenergy/detail.php?id=31372
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Future grid should provide low-cost electricity >90% of the year

5Data replotted from: https://www.potomaceconomics.com/wp-content/uploads/2017/06/2016-ERCOT-State-of-the-Market-Report.pdf
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Hour of the year

Data for Texas in 2016

~95% of the hours of the year are <0.05 $/kWh

Remaining 5%: 

peakers

8760



The problem to be solved

‣ Can we build a future wind and solar + storage generation system 

with a cost profile like that of today’s grid?

‣ Yes!  If we have:

(1) Storage systems with tens of hours of duration.

(2) Storage systems with very low energy costs.
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1-hour time blocks for Texas wind

8

2016 wind output in Texas (GW)

Hour of the year



8-hour time blocks for Texas wind
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24-hour time blocks for Texas wind
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72-hour time blocks for Texas wind
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168-hour time blocks for Texas wind
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Time scales and variability of Texas wind
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Time scales and variability of Texas wind
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Time scales and variability of Texas wind
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Time scales and variability of Texas wind

16

2016 wind output in Texas (GW)

Hour of the year

24h

72h

8h

168h



Time scales and variability of Texas wind
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The problem to be solved

‣ Can we build a future renewables + storage generation system with 

the cost profile of today’s grid?

‣ Yes!  If we have:

(1) Storage systems with tens of hours of duration.

(2) Storage systems with very low energy costs.
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Low cost at long durations is needed
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Low cost at long durations is needed
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Li-ion storage costs don’t work

22Data replotted from: https://www.potomaceconomics.com/wp-content/uploads/2017/06/2016-ERCOT-State-of-the-Market-Report.pdf
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Li-ion storage costs don’t work
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Low cost at long durations is needed
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Complete system cost ($/kWh)

Duration at rated power (hours)
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Pumped storage costs do work

25Data replotted from: https://www.potomaceconomics.com/wp-content/uploads/2017/06/2016-ERCOT-State-of-the-Market-Report.pdf
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Low cost at long durations is needed

26

Complete system cost ($/kWh)

Duration at rated power (hours)

Current commercial 

activity (>90% Li-ion) Future Li-ion 

(80 $/kW, 200 $/kWh)

Pumped storage 

(1000 $/kW, 2 $/kWh) 
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Low energy costs are required 
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Significant 

R&D focus today



Low energy costs are required 
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Installed energy cost ($/kWh)

25 h

100 h

Installed power cost ($/kW) For a fixed 0.05 $/kWh-cycle

10 h

Significant 

R&D focus today
Opportunity
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What are some technical ideas for 

building long duration storage systems?


