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Climate Impact of Energy Storage
A revolution in climate change mitigation
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Energy is at the Forefront of the Climate Struggle
All tools at hand need to be deployed 



Clean Energy Investments are Up Despite Massive Unit Cost Declines 
$2.5 trillion invested since 2010



FUTURE MOBILITY

Clean Transportation Beyond Carbon 
and Paris Goals



Electric Vehicles have Zero Tailpipe Emissions
Most important driver for growing cities of the world  
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Electric Vehicles Cut Full-cycle Emissions
Despite higher emission intensity of powertrain construction
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Fuel Economy-Equivalent Ratings for EVs by U.S. Grid Region
How good depends on the source of electricity
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Electrification is Necessary to Meet Emissions Regulations
After a century of tinkering, ICEs are hard-pressed to adopt



Electric Vehicles Enable Autonomy and Better Sharing
Resultant higher utilization drives down costs and per-mile emissions
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All-In Cost Per Mile at Different  Annual Useage (2020)



Electric Mobility-as-a-Service May Leapfrog Personal Ownership
Auto industry to change more in the next 20 years than it did over the last 100
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RENEWABLE INTEGRATION

Intermittent Renewable Generation

Needs Energy Storage



Most Low-Carbon Resources Are Intermittent
Electricity and heat production accounts for ¼ of global GHG emissions
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Renewable Energy Ramp Up
Initial uptake has been dependent on subsidies, but economics catching up fast
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Renewable Power Cost Declines Have Been Dramatic
Some renewables’ full-lifecycle costs now below conventionals’ operating cost alone 



India’s Renewable Electricity Cheaper Than Fossil Fueled Options
An avalanche of new capacity is ready to be installed
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India's Levelized Cost of Electricity (LCOE) and 
2017 Cost Declines Over 2016
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Wind Generation Curtailment
The inability to dispatch renewable power ‘at will’ creates bottlenecks
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China’s Wasted Renewable Generation
National curtailment rates were 17% for wind and 20% for solar in 2016



Increased Renewables Pose a Threat to Grid Stability
Zero and negatively priced hours of energy production (HOEP) growing
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Example: Ontario



Electric Grids Under Pressure
Counties/areas with high intermittent generation are struggling to cope  

Electricity Generation by Source 
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Integrating Solar Power: The Duck Curve
Daily electricity demand net of solar generation
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Grid-Storage: Long-Term Potential
All U.S. gas ‘peaker’ plants to be uneconomic vs. storage by 2025: GS and GTM 
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