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Problem Statement
Decarbonizingelectricity will require that low-carbon sources meet
energydemandthroughout the day. Wind and solar photovoltaicsare
possibletechnologyoptions, but intermittency and seasonalitycan be
challengesto cost-competitivedeployment.

We analyzestoragewith wind and solar acrossfour locationsand four
grid roles, determining which technology features are preferable for
providingreliableoutput over twenty years.

We find that storagewith costsbelow $20/kWh and wind/solar canbe
cost competitive with conventional generation technologies.
Sensitivity to storage power cost $/kW and round-trip efficiency are
substantiallyweakerthan to energycost$/kWh.
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Traditional Generation Output Shape

Peak Generation

Intermediate  Generation

Baseload  Generation

Can you make these 
generation output shapes 
with wind and solar?

4 Hour Blocks

8 Hour Blocks

24 Hour Blocks
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Analytic Framework*

Storage energy 
costStorage power 

cost
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*J.M. Mueller, G. Pereira, M. Ferrara
J. Trancik, Y.-M. Chiang, MIT 2017 

(Equivalent Availability Factor)



Four Simplified Grid Roles Were Chosen For 
The Analysis
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Example: Baseload Generation From Wind

Parameters:
Å20-year, high-res US renewable 

generation data

ÅBaseload target shape

ÅHourly storage dispatch simulations

ÅFour locations (IA, TX, AZ, MA)

Results:
ÅCombination of renewable + storage 

that minimizesLCOE (levelized cost 
of electricity) for each plant type 

First of its Kind Peer Reviewed Study*

*J.M. Mueller, G. Pereira, M. Ferrara
J. Trancik, Y.-M. Chiang, MIT 2017 

Example: Wind + Storage Baseload Replacement

Target baseload 
output

Battery discharges 
and provides energy 
at low wind

Target baseload 
output

Battery discharges 
and provides energy 
at low wind

Battery charges at 
high wind

Target baseload 
output
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Different Combinations of Wind and Storage Can 
Produce Same Output => Find Optimal One

Low Storage Cost =>

Small wind + Big battery & No curtailment

High Storage Cost =>

Large wind + Small battery & Big curtailment

Many hours of storage Few hours 
of storage

Same shape!!
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Condition Modeled:
Å Iowa wind with ~50% capacity 

factor at total cost of ownership of 
$1,500/kW

ÅBaseline output

Outputs:
ÅWind + Storage plant 

configurations that minimize LCOE
ÅLCOE over 20 years of output 

(Color map)
ÅSlope of contour lines gives 

maximum discharge rate in hours

Map of the Cost of Electricity from Iowa Wind + 
Storage Baseload Plant
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LCOE, All Output Shapes, All Locations, Wind + Storage

Ultra-low cost 
storage is favorable 
in all cases and 
indispensable to 
tackle the baseload 
challenge
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LCOE, All Output Shapes, All Locations, Solar + Storage

0.023
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Solar is generally 
more expensive 
than wind for 
shapes with large 
energy 
requirements 
(capacity factors)


