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National Renewable Energy Laboratory
What Makes Us Unique?

* Only national laboratory dedicated to renewable energy
and energy efficiency research and development

 Research spans fundamental science to technology
solutions

o Collaboration with industry and university partners is a
hallmark of our laboratory

e Research is market relevant — aimed at transfer and
deployment of technologies to industry and the market




NREL Energy Efficiency and Renewable Energy
Technology Development Programs
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Renewable Energy Paths to Hydrogen
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Example Renewable Hydrogen Systems
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NREL/Xcel Wind-to-Hydrogen Project
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otal Renewable Hydrogen Potentail
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Renewable Hydrogen Potential by State

Renewable Hydrogen Potential Relative to Gasoline Consumption by State
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Well-to-Wheels Greenhouse Gas Emissions
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Environmental Impacts of Wind-Electrolysis
Hydrogen Production System

™\

Dedicated Wind/Electrolysis System Greenhouse Gas Emissions:
970 g CO,-equiv/kg H,
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Net Energy Ratio = 123 MJ/9.1 MJ = 13.7

For Gasoline and ICE Vehicle:

Greenhouse Gas Emissions = 11,500 g CO, equw/kg H,

Sources: NREL and ANL/Greet
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Environmental Impacts of Thermochemical
Biomass to Hydrogen Processes
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CO2 Emissions — Technology Comparison
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DOE Hydrogen Production Cost Progress

Cost of Hydrogen (Delivered) — Status & Targets

(in $/gallon gasoline equivalent (gge), untaxed)

NEAR TERM: Distributed Production

- Hydrogen is produced at station
to enable low-cost delivery

A Distributed Natural Gas

A Distributed Electrolysis

A Distributed Bio-Derived
Renewable Liquids

LONGER TERM: Centralized
Production

- Large investment in delivery
infrastructure needed

@® Central Wind
Electrolysis

@® Coal Gasification with ®
Sequestration Nuclear
Solar High-Temperature
Thermochemical Cycle

® Biomass Gasification

Cost Target ($2-3/gge)

Source: EERE Hydrogen and Fuel Cells Program
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Barriers

Hydrogen Production Cost *

(One cost-competitive pathway required for critical path.
Target: $2 — 3 /gge — met by distributed reforming of natural gas)

Hydrogen Storage Capacity & Cost

(Targets: 2.7kWh/L, 3kWh/kg, and $2/kWh)

Fuel Cell Cost and Durability

(Targets: $30 per kW, 5000-hour durability)

Safety, Codes & Standards Development
Delivery Infrastructure
Domestic Manufacturing and Supplier Base

Public Awareness & Acceptance

Source: EERE Hydrogen and Fuel Cells Program

DOE FY09 Hydrogen Budget Drivers

Critical Path
Barriers for
Fuel Cell
Vehicle
Technoloqgy
Readiness
In 2015

*Critical Path for
hydrogen cost is one
cost-competitive
production pathway.
Multiple pathways are
needed for longer-
term energy security
and sustainability.
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DOE FY09 Hydrogen Budget Request by
Sub-Program Area

Funding ($ in thousands)

ACtIVIty EERE FE NE BES

(HFCIT) (coal) (nuclear) | (science)

Systems

S Education Analysis
afety,
Hydrogen 204
Production - 11,430 16,600 20,133 48,163 Codes & 39%%
Standards
O,
Hydrogen 59,200 20,134 79,334 =Y Production
Storage
18%06
Fuel Cells 79,300 20,133 LEE T e chnology
Validation
czﬁzgﬁloongy 14,789 . 14,789 6%0
$4 q!\v/! LI
Safety, Codes &
Standards 12,238 FYO8 12,238
) T Storage
Education 4,000 4,000
Fuel Cells 30%0

36%0
System_s 7,713 7,713
Analysis
TOTAL 146,213 31,027 11,430 16,600 60,400 265,670
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Summary

Hydrogen/Fuel Cell Vehicles offer a near-zero GHG
transportation pathway

— Well-to-Tank: Hydrogen production/storage/delivery is near-zero GHGs
when produced from renewable energy sources

— Tank-to-Wheels: FCVs produce no GHGs — only water vapor exhaust

Renewable hydrogen resource is sufficient to provide U.S.
transportation needs in long term

Primary barrier to renewable hydrogen is cost
— Some of the pathways are getting close to competitive
— But, the game-changing technologies need continued R&D

Balanced R&D program is needed which both

— Introduces hydrogen and FCVs to early markets in order to stimulate
the infrastructure — even with non-optimum technologies

— Acknowledges the criticality of the longer term hydrogen production
goals and keeps that R&D funded and viable

17

)
Ll -
*."* M®ZL national Renewable Energy Laboratory




ational Renewa

The U.S: Department off Energy:s
|

WWW.nrel.gov

S

ELEER |, il b
T

-




	Slide Number 1
	Major DOE National Laboratories
	National Renewable Energy Laboratory�What Makes Us Unique?
	NREL Energy Efficiency and Renewable Energy Technology Development Programs
	Renewable Energy Paths to Hydrogen
	Slide Number 6
	Slide Number 7
	Total Renewable Hydrogen Potentail
	Renewable Hydrogen Potential by State
	Slide Number 10
	Environmental Impacts of Wind-Electrolysis Hydrogen Production System
	Environmental Impacts of Thermochemical Biomass to Hydrogen Processes
	Slide Number 13
	DOE Hydrogen Production Cost Progress 
	DOE FY09 Hydrogen Budget Drivers 
	Slide Number 16
	Summary
	Slide Number 18

