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Why Consider Hydrogen as a Future 
Energy Carrier?

• Zero or near-zero emissions at point of use
• Low to zero well-to-wheels emissions of both air pollutants and greenhouse 

gases 
• H2 can be made from widely available primary resources (fossil, renewable, 

nuclear)
• H2 is widely used today in chemical industries (~2% of world energy use ->H2

production ; strong technical base exists for H2 production, storage and 
delivery).

• Rapid progress in H2 and fuel cell technologies
• H2 might enable new products and services, transforming the way we produce 

and use energy.

H2 is one of the only long-term options for fuels sector that 
allows radical reductions in GHG emissions, air pollutant 
emissions and oil use.



Barriers to a Hydrogen Economy
• current lack of a widespread H2 infrastructure 
• current high cost of H2 end-use technologies
• Technical maturity: need to develop emerging tech and adapt 

current H2 technologies for a H2 energy economy (e.g. fuel 
cells, H2 storage for vehicles, small scale H2 production 
systems, long term, low-cost “zero carbon” H2 supply: fossil 
H2 production with CO2 sequestration, renewable H2, nuclear 
H2). 

• “Chicken & Egg Problem” for vehicles. (More generally, 
problem of matching H2 supply and demand during 
transition.)

• lack of policies reflecting the external costs of energy



Key RD&D Areas for H2
• H2 Production: In the near term, H2 could be made from natural gas with reduced 

well to wheels GHG emissions.To fully realize H2’s benefits, need vigorous support 
for RD&D to develop near-zero GHG emission H2 production technologies.

• H2 Storage and Delivery: Support for R&D on hydrogen storage could have a 
large payoff. Development of a novel hydrogen storage medium that required neither 
high pressure nor low temperature would not only facilitate use of hydrogen in 
vehicles, but could reduce hydrogen infrastructure costs and complexity as well. 

• H2 End-Use: RD&D on H2 vehicle and fuel cell technologies is key. For H2
vehicles to compete in automotive markets, they must offer comparable or better 
performance at a similar cost to competing vehicles. Incentives or other policy 
measures would likely be needed to make up any difference in costs, until mass 
production brought H2 vehicles to a competitive level. Public/private partnerships 
among stakeholders needed.

• H2 Strategies: Analysis is needed to better understand the societal costs of energy 

and role of H2 in the future energy system.



Long-Term Visions of H2 Supply and 
Challenges

• H2 from renewables (wind or solar electrolysis, biomass gasification), 
the issue is primarily cost rather than technical feasibility or resources. 

• Nuclear H2 issues are cost (electrolytic H2), technical feasibility (water 
splitting systems powered by nuclear heat). Same waste and 
proliferation issues as nuclear power.

• Fossil H2 with CO2 capture and sequestration offers nearly zero 
emissions, relatively low cost, assuming suitable CO2 disposal sites are 
available nearby, and hydrogen is produced at large scale. Much 
remains unknown about the potential environmental impacts and 

feasibility of CO2 sequestration.
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Uncertainties (in technology, policy, market pull of new products) 
make it hard to project future H2 demands



Scenario for Introduction of H2: Context
2 0 10 -20 3 0 2 0 30 -20 5 0 >2 05 0

Po licy :
Ge ner al

H2 -spe cific

In ma ny c oun tr ies :
 Policies  t o red uce  GHG e nac t e d

St ring e nt  a ir po llut ant
re gula t ions

Broa d su pp ort , RD&D for c le an
e ner gy  t ec hnologies

Na ti ona l se curity co nce rns
e nco urag e us e  of div ers e , sec ure
prim ary supplies

Vigo ro us  RD&D pro gr ams  on H 2,
FC tec hn ologie s  in US, EU, Japan

H2  co des / s ta nda rds by 2 0 10

Loc al/Re gio nal H 2 de mo projec t s ;
Public / privat e  pa rt ne rs hips  fo r
co oper ati on  am on g s ta ke holder s

Broa d Int 'l
ag ree me nt s  on
GHG r educt ions ,
carbon ta xes or
cap a nd  t rade ;

Deve loping
co un t ry
re gula t ions  on
GHG, po lluti on

Na ti ona l
polic ies  t o
e nco urag e
develop me nt  of
H2
infras t ru ct ure

Regula t ions
on GHG, ai r
pollut ant s
in plac e
wo rldw ide ;

Te ch nical H2 , FC  mee t  te chnica l a nd c os t
goals .

H2  v e hic les  e nte r light  dut y
marke t s in 2 01 5 -2 02 0 .

Enabling tec hn ologie s  f or ze ro-
e mis sion H2  p ro duc ti on  (wind
power , ga s ifica t ion, and CO 2

s eques t ra t ion) a ppe ar in e lec .
s ecto r.

Furt her
adva nce s  in
zero e mis sion
H2  prod ucti on
t ec hno logi es ,
and in  H2
s t orage ; H2 , FC
use d in new
ways in ene rg y
s ys t e m

low -co s t ,
zero -carbon
H2
prod ucti on,
s t o rage  and
delive ry
t ec hno log y
availabl e



Scenario for Introduction of H2: Timeline
2 0 10 -2 0 30 2 0 30 -2 0 50 >2 05 0

Marke ts
Indus t rial

Ve hic le s

Building s /
Sta. Power

Oil Re fining ; Chemi ca l;
Ae ro spa ce /mili tar y;
Niche EVs; Bat t e ry
re p lace m en t

He avy  v e hicles

Lt .dut y s mall f lee ts  ->
Larg e  fle e t s  ->  Ge ne ra l

Fuel  Ce ll He at / Pow er , (H2

co-prod uct ion? )

H2  FCVs  cap t ur e
s ignificant  fra ct ion o f
light dut y ve hic le
mar ke t

H2  d istr ib. to
build ings/ co mme rc ia l
/i nd ust ry

Gene ral us e of
H2 in en erg y
sec tor

Produc tio n/
Primary
Supp ly

Exce ss  indu s tr ia l H2

ca pac it y; Fos s il H2

(St e am re for ming n atura l
gas;  Par t ial ox idat ion of
oil; coal  gas ificat ion ) ;
ele ctro lysi s;
CO2  s eq . d em os;
Re ne wa ble  H2  dem os;

Foss il wit h CO2

s eq ue st rat ion;
ele ctro lysi s pow e re d
by  z e ro  e mis s ion
ele ctr icit y (wind) ;
Biomass  gas ificat ion
Adv.   re ne wa ble  an d
Adv.  nuc lear  dem os

Foss il wit h CO2

s eq ue st rat ion;
ele ctro lysi s
w/ ze ro  e mis s ion
ele ctr icit y;
Biomass
gas ificat ion, a dv.
re new ab le or
nuclear

Delivery
Infrastr uc t.

Truc k;  Mobile re fue lers
->   on sit e  S MR o r
ele ctro lysi s
->  ce nt ra l p rodu ct ion
w/ pipe lines

regi ona l H2  re fue l
ne t wor ks,   p ipeline s
in some  cit ies ;
int e ra ct ion  with
ele ctr icit y s ys t em
be g ins; de ve loping
count ry  ap plicat ion s

Nat ional n e t wor ks
fo r H2  e ne rgy ; H2

int eg ra t e d wit h
res t of  e ne rgy
s ys t em
(el e ctr icit y)

Whe re  Will
H2  Be  Used ?

Local an d Regi ona l H2

dem o pro je cts
->  s mall net wor ks  in a
fe w c it ies

City wide  or  regi ona l
ne t wor ks;  is land  H2

s ys t em s

Nat ional n e t wor ks
in many  count rie s



A No-Regrets Action Agenda:
Hydrogen-specific actions over the next decade

Strong support of RD&D on H2 technologies: esp. fuel 
cells, zero emission H2 production, and H2 storage.
Public/private partnerships for demonstration of H2
technologies.
Federal and state governments play a role as early 
adopters of H2 technologies.
Establishment of codes and standards for safe H2
operation in energy applications.
Analysis to better understand the societal costs of energy 
and role of H2 in the future energy system. 



A No-Regrets Action Agenda:
General actions over the next 10-20 years

Development of a consistent national energy policy to address 
societal problems of climate change, air pollution and national 
security. Action on near-term technologies that could help address 
these problems now (such as energy efficiency and hybrid vehicles). 
Simultaneous development of longer-term technologies (including H2) 
that will be needed for deep cuts in carbon emissions
RD&D on efficient vehicle technologies with applications in a wide 
range of advanced vehicles (including H2 vehicles). These include 
electric drive train components being developed for hybrid vehicles, 

and advanced lightweight materials for vehicles.
RD&D on clean energy technologies with applications in both 
electricity and H2 production. These include wind, solar, gasification
technologies, CO2 sequestration, and biomass energy. 



Questions
• Where will H2 come from? Are there adequate near term and 

long term resources for H2 production?
• How Soon Could H2 Make a Major Difference in 

Environmental and Energy Supply Problems?
• How much will it cost to implement H2?



Where will the hydrogen come from?
• Natural gas is widely seen as a transitional source for H2

production in the United States over the next few decades 
– 10-40% GHG emissions reduction v. adv. ICEVs
– Small impact on natural gas use, at H2 use levels <2025

• Long term: To realize the GHG benefits of H2
technologies, change to H2 supplies with near-zero GHG 
emissions. There are ample resources for zero emission H2
production in the United States, and in many areas of the 
world.

• Many solutions for H2 supply, depending on the level of 
demand, resource availability, geographic factors.
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President's H2 Initiative 2050 Study EIA Reference Case PNGV Low

Percent of current US 
resource use to provide H2
for LDVs (assuming one 

resource for all H2)

NG Coal Wind*  Bio**    

68   92     45      33

34   46      22     16

14   18       9        7

* > class 3 wind

** fraction of range + 
pastureland required for H2 via
gasification

100 million H2 Light duty vehicles with 2-3 X today’s gasoline vehicle fuel 
economy would require 26-38 million tonnes H2/y (3.1-4.6 EJ/y)

Primary Energy to Meet US H2 Demand

Hydrogen Demand in Four Scenarios
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How Soon Could Hydrogen Make a 
Major Difference in Environmental 

and Energy Supply Problems?
• Time scale for changing the energy system is historically several decades. 
• H2 technologies need further development and testing before introduction 

into mass markets, and time to penetrate markets. 
• Most analysts suggest that it will be several decades before hydrogen could 

make a major difference in reducing emissions and oil use on a global scale. 
(This is true of all long term options for deep GHG emissions reductions.)

• Beyond 2025, most analysts see potential for large impact of H2 technologies 
on reducing emissions. 

• Further, there is the potential that H2 could transform how we produce and 
use energy (new types of vehicles, mobile electricity generation, energy storage, 
diversify primary supplies).



Delivered Cost of H 2 ($/kg H2)
$1/gallon gasoline ~ $1/kg
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Questions for Discussion
• Are major scientific breakthroughs needed for H2 to play a 

major role? 
• What is the balance between policies for near-term and long-

term technologies? 
– Is hydrogen “in competition” with energy efficiency or biofuels?
– Comprehensive strategy: Encourage use of clean, efficient internal 

combustion engine vehicles in the near term, coupled with a longer 
term strategy of research, development and demonstration of H2 and 
fuel cells.
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