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Energy Storage 



Interest in Pumped Storage is Exploding



Pumped 
Storage in the 

West

The proposed 
facilities in 

WA/OR/ID alone 
would expand 
storage in the 

entire west 
by 4 fold



Pumped 
Storage 

in the West

Grand Coulee 
on the 

Columbia: 
System Dynamics 

Model
by

Tyler Llewellyn



Wind Integration Costs

BPA: $1.23 per kw per month, translates to 
$5.60 per MWh of wind generation. 

Long-term will be higher: 
(loss of flexibility) 

Costs might range from 
$12 to $18 per MWh

(based on Lawrence Berkeley 
Laboratory National Lab  

summary of wind integration 
studies and Integrated 

Resource Plans in the West.) 



Do the Storage Proposals have
Sufficient Value? 

• A dozen or more modes of value can be described

• But they are seldom quantified

– either Individually or  jointly

– and their value is seldom embedded within the larger 
system

• The modeling methods are not up to the task



California Public Utilities Commission 
Assigned Commissioner’s Ruling 

Models 
are

“first of 
their 
kind”



Grid Balancing 
& Arbitrage:

That’s all???

Rule of Thumb:

an extra 10,000 MW 
of wind capacity

would mean
an extra 1,000 MW 

of  balancing 



A Systems Approach 
to 

Support Long-Term Planning





GCAES: General Compression Advanced Energy Storage:

an example of fuel-free, bulk storage



Opening View of the Long-term Model



Opening View 
of the 

Short-term Model



Stacked Generation in the Short-Term Model



Stocks and Flows in the Short-Term Model



Short-term Model shows storage
used for “Load Leveling”



Back to the Long-Term Model



Back to the Long-Term Model



CO2 Emissions (millions of MT/yr)



Social Cost of CO2 Emissions:
grow to over $50 billion



Opening View of the OPA Sector



All-In Price = Spot Price + GA Rate



Value of a 1,000 MW Storage:
Load Leveling and CT Displacement



$2.6 Billion  in Value so Far
• The team (& the agencies) agree with this finding

• Typical of other studies (where the value would not 
cover the annual capacity payments to the investor.)

• Additional Value:  Wind Integration



Integrating the Wind with GCAES

Wind is too 
low; run  

generators

Wind is too 
high; run  

the pumps



January 2028 Result: 90% Wind Integration

run  
generators

run  the 
pumps



Simulating 
the 

Value of 
Wind-

Integration
in the 

long-term 
model



What $/MWh should be assigned?



The Value of Wind-Integration
viewed in the long-term model

$ 5.1 
billion



Combined Value in the Base Case: 
$7.7 billion

Sensitivity Testing Confirms 
Substantial Value 

Further exploration of fuel-free,
bulk storage is warranted
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