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Clean Energy Revolution Now:
Innovating to Accelerate a Low Carbon
Future
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“Let that be the common purpose here in Paris. A
world that is worthy of our children. A world that is
marked not by conflict, but by cooperation; and
not by human suffering, but by human

progress. A world that’s safer, and more
prosperous, and more secure, and more free than
the one that we inherited. Let’s get to work.”

- President Barack Obama at the launch of COP21

PARIS2015
COP21-CMP11
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PRESIDENT OBAMA IS COMMITTED TO CUTTING

U.S. CARBON POLLUTION BY 26-28% BY 2025
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A Revolution Now
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Falling Costs for Clean Eneray Technologies
Indexed Cost Reductions Since 2008
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We are on the cusp of greatness; the clean energy revolution is real, and it is happening!
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Revolution Now
Accelerating Clean Energy Deployment
/r\ LAND-BASED WIND DISTRIBUTED SOLAR PV
Wind accounted for 3] o/ over 8 GW installed by 2014,
of all new generation 0 equal In capacity to 16 typical
capacity installed in the US coal fired power plants

from 2008 through 2014

LEDS u
78 million
total LED bulbs

installed through

20142 six-fold
growth since 2012

UTILITY-SCALE SOLAR PV
EVS

Grew by in2014 10 9.7 GW total— = =
6 8 O/ over 99% of this total has Nearly 500 O‘UO EVs
O been Instaled since 2008 sold through 2014
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TRANSPORTATION

Office of Energy Efficiency and Renewable Energy
U.S. Department of Energy
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. equipment for electric vehicles.

Learn about charging
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Changing the narrative on ZEVs

Low carbon electrons to electrified powertrains



Why Hydrogen Fuel Cells?

Fuel Cell can have ALL these
attributes simultaneously:

* Fast Filled

* Long Range

* Zero Emissions

e Zero Criteria Pollutants

* Fueled by Renewables

* Uses Domestic Sources

* Fewer Vehicle Trade-offs

* Diverse Uses (V2B, SUVs, APUs,
range extenders, etc.)
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e Can cover duty cycle, range,
vehicle size classes not fully
serviceable by PEV’s

e Affect product space with
highest fuel consumption

e Offer an advantage for longer
driving range with less weight
penalty than BEVs

Fuel cells have the potential for deep decarbonization of transportation
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Courtesy of GM

Rate Long-Trip
(miles/min) % Charging Time

Energy Source

Gasoline 150 1-2%
Hydrogen 100 <2%

EV Supercharger 15%

Assumptions: Gasoline & Hydrogen Electric: 350 mile range, Battery Electric: 250 mile range
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Similar functionality and refill rates as gasoline ICEs
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Battery & Fuel Cell Technology - Both have roles to play

High Load
Fuel Cell

City Intra-urban Highway-cycle Highway

Courtesy of GM

Meeting customer needs with right product — application fit
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Electric Power System Mass vs. Vehicle Range
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Offer an advantage for longer driving range with less weight penalty than BEVs
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Early Market Strategies and Communities

Buses and Fleets

Early Markets enable:

* Fuel cell cost reduction
* Robust supply base

 Emerging infrastructure

FCEV Cost Reduction Enablers

* Customer acceptance

Market Penetration

Early Markets Applications Recently Deployed in the U.S.

r —

Fuel Cell Tow Trucks Fuel Cell Bus Fleets Forklifts Backup Power
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AN INITIATIVE FROM THE
PRESIDENT’S CLIMATE ACTION PLAN
Engage local governments to
foster emerging markets for
clean H, and fuel cells
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performance analyses
for H, and fuel cells

Detailed cost and —
Examples> :

Sensitivity Analysis Cost Breakdown

A il S IINREL
' Pacific r_r:{grtl:iygjslt‘ Argonne =4

go=rTORY CJ NaTIONAL LABORATORY NATIONAL RENEWABLE ENERGY LABORATORY
STRATECAC AMALYSISE

Hydrogen Hydrogen Hydrogen Fuel Cell

Production Delivery Storage

In-depth cost and performance analyses guiding FCTO targets and R&D priorities




A Powerful Resource Network
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Clean Cities Coalitions
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- Connecticut Southwestern Area
- Capitol Clean Cities (Hartford area)

Map Date: 07/07/15

Nearly 100 coalitions with thousands of stakeholders. Representing ~80% of US population




Making a Big Impact

Cumulative Benefits since 1993
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48 Million tons of GHG
(6.6 Miilion tons in 2014
equal to 1.5 million cars)
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Billions of gallons of petroleum saved
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U.S. Department of Energy

Setting the vision for 2050 — Representing all of DOE Alt Fuels



"U.S. DEPARTMENT OF ENERGY

‘ Systems and Modeling for Accelerated Research in Transportation

Exploring the nexus of energy
and future mobility paradigms
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National Hydrogen &
2 ) Fuel Cell Day

2015: 1st year 1

the U.S.
celebrates
National
Hydrogen and
Fuel Cells Day

Hydrogen

www.energy.gov/eere/fuelcells

Increasing public awareness and understanding about fuel cells and H,
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