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Global Warming is Real!

NY, Hurricane Ida, Aug. 2021 West Coast: 400 year Drought

800,000 years Atmospheric Carbon Dioxide



Floods and Droughts,

but also

Sea Level Rise, Coastal Erosion,

Reduced Crop Yield, and Health 

Impacts

Global Warming has Emerged 

as a Paramount Issue - World Wide!



We must Decarbonize, 

we must change 

to Renewable Energy!

And we have to do it soon!



24 hours of wind –

“the wind blows where it wishes”

Day and night –
Clouds drifting by
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Energy Storage provides Energy 

when it is needed

just as Transmission provides Energy

where it is needed



Storage Technologies:

Pumped Hydro
Compressed Air
Sodium Sulphur
Lead Acid
Flow Batteries: 
• Vanadium, ZnBr, FeCr
MnO2 (Duracell)
NiMHyd
Li-Ion
Flywheels
Super-Capacitors

Energy

Power



A Developing Urgency!

30 states, Washington, D.C., and 3 territories 
have adopted Renewable Portfolio Standards, 

while 7 states and 1 territory 
have set Renewable Energy Goals.

100% by 2050 or earlier!



Storage Facilities 
have become bigger

but not longer in Duration

15 min -- 1hr – 4hrs

e.g. 2020 Q3: 476 MW / 764MWh
1 ½ hours!



To reach  100% Decarbonization 

by 2050 we will need

to overbuild Renewable Power

and use Large Amounts of 

Long Duration Energy Storage

to Balance Load and Generation.



In the meantime

it is important to realize that

Catastrophic Climate Based Events

will continue to escalate.

Energy Storage will be required

for both pre-emptive 

and ameliorating Measures 



Leaving behind Wreckage and Misery

Electrical Infrastructure 

is particularly vulnerable!



An Autonomous Micro-Grid
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The Cost of a Storage System 

depends on the Storage Device,

the Power Electronics, and the

Balance of Plant

The Value of a Storage System 

depends on Multiple Benefit 

Streams, both monetized and

unmonetized

Metrics will depend on locality!

And on Regulatory Structure

Power 

Electronics

20-25%

Energy Storage 

Device 25-50% 

Facility 20-25% 

Arbitrage

Dem. Charges

month, year

Resiliency

Frequ. Reg.

Developing Business Cases:



Sterling, MA: Microgrid/Storage Project
$1.5M Grant from MA. Additional DOE-OE Funding, Sandia Analytics

Dec. 2016, 2MW/2hr 
Storage, 3MW PC
Capital Cost: $2.7M

Sterling, MA, 
Oct. 2016, NEC, Li-Ion

April 2019: 1 million $ Avoided Cost!

Visitors: Germany, Switzerland, Denmark, Sweden, England, Ireland, Australia, 
Japan, Malaysia, Taiwan, Brazil, Chile, …. Thailand  

Sean Hamilton

Carina Kaainoa



Cordova, Alaska, Municipal System

6MW Run of RiverHydro PowerCordoba, Grid Isolated

Total Capacity:7.25MW Hydro; 2x 1MW Diesel
0.5MW Deflected as Spinning Reserve

Hydro: $0.06/kW; Diesel: $0.60/kW

1MW/1hour Battery, Commissioned June 7, 2019



Bad River Band of Lake Superior Chippewa 
in Wisconsin (DOE Indian Energy)

July 2016 Flood caused 

Multiday Power Outage

Energy Sovereignty: $2M Microgrid

• Admin. Building 

• Wastewater Treatment Plant 

• Health & Wellness Center 

May 2021: 500 kW Solar

500kW/1 MWh Storage

Resiliency, Sustainability, Predictable Budget 



Distressed Communities can be found 

throughout the U.S.



Households Experiencing Energy Insecurity 

from Electricity Prices and Outages

Lower income households are disproportionally non-white 



Energy Storage  offers itself 

as a tool to alleviate 

many of these problems

e.g. Storage to replace

Fossil Fuel Peakers

Microgrids  with Storage

for outage mitigation

Solar + Storage for 

Remote Tribal communities  …..



Being prepared for Climate Disasters 

Everywhere and

Assuring Energy Equity

for Urban, Rural, and Tribal

Disadvantaged Communities

should be High Priorities for the U.S.


