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EXECUTIVE SUMMARY  

 

 

H2@Scale is a U.S. Department of Energy (DOE) initiative that brings together 

stakeholders to advance the affordable production, transport, storage, and utilization of hydrogen 

(H2) as an energy carrier to increase revenue opportunities in multiple energy sectors. The focus 

of the current work is to characterize the growth potential of diverse hydrogen industries in the 

United States, given research and development (R&D) advancements in hydrogen technologies.  

 

Current and emerging hydrogen production technologies utilize diverse energy sources, 

including natural gas (NG) reforming, as well as renewable and nuclear power for low-

temperature and high-temperature water splitting. The produced hydrogen also enables emerging 

domestic industries that value conventional and renewable hydrogen as an energy carrier for 

intermediate and end use. The success of H2@Scale (Figure ES.1) depends not only on hydrogen 

demand from growing existing markets such as petroleum refining and ammonia (NH3) 

production, but also on the development of new markets such as metals refining, synthetic fuel 

(synfuel) and chemical production, biofuels, light-duty (LD) and heavy-duty (HD) hydrogen fuel 

cell (FC) electric vehicles (FCEVs), and injection into NG pipelines, all of which can 

significantly increase hydrogen demand relative to current levels of approximately10 million 

metric tons [MMT] annually. 
 

 

FIGURE ES.1  Schematic of H2@Scale Supply Sources and Demand Applications 

(Source: DOE 2020) 
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This study focused primarily on five of the demand sectors shown on the right-hand side 

of Figure ES.1 τ synfuels, upgrading of oil/biomass, NH3/fertilizer, metals refining, and 

hydrogen vehicles (transportation) τ along with gas infrastructure.1 For each sector, a hydrogen 

demand potential was quantified, along with a ñthreshold price.ò The hydrogen demand potential 

reflects a practical amount of hydrogen that could be used in that sector, barring economic 

considerations. The threshold price reflects the price at which the consumer would utilize 

hydrogen in lieu of an alternative that could supply the same performance. 

 

The U.S. DOEôs Hydrogen and Fuel Cell Technologies Office has been funding a 

number of stakeholder workshops, analytic studies and R&D projects related to the H2@Scale 

concept. The present report provides details on the topic of potential hydrogen demand, while 

two additional analysis reports assess energy resources for hydrogen production (Connelly et al. 

2020) and the technical and economic potential of the H2@Scale concept (Ruth et al. 2020). 

Demand potentials and threshold prices from the present report are used as inputs to the 

H2@Scale technical and economic potential report.  

 

Potential demand for hydrogen was assessed for each sector by documenting current 

utilization and possible growth in existing hydrogen end uses and examining the potential for 

hydrogen use in new and emerging applications. While methodologies differed by sector, they 

shared a common objective of utilizing existing DOE- and industry-supported tools, data, and 

projections, and of capturing regional differences to the extent possible. Additional values of 

hydrogen as an energy storage medium that enables renewable power generation and provides a 

variety of electric grid services are discussed in a separate report (Ruth et al. 2020). 

 

 

ES.1  Upgrading Oil/Biomass 

 

Today, petroleum refineries (ñupgrading oil/biomassò in Figure ES.1) are the largest 

consumers of hydrogen in the United States, requiring about 10 MMT of hydrogen annually, of 

which about 60% is produced via steam methane reforming (SMR) of NG and 40% is produced 

internally via catalytic reforming of naphtha. Hydrogen demands by petroleum refineries depend 

largely on the volume of crude processed, product slates (e.g., the ratio of gasoline-to-diesel 

production), and the heaviness (measured by American Petroleum Institute [API] gravity) and 

sulfur (S) content of crude input. This study used DOEôs U.S. Energy Information 

Administration (EIA) projections of crude input and gasoline, diesel, and jet fuel production 

through 2050, along with projections of crude API gravity and sulfur content from DOEôs high-

octane fuel study, to estimate growth in hydrogen demand through 2050.2 Figure ES.2 shows 

 
1 Several demand sectors shown in Figure ES.1 are not included in this report, either because the application is not 

sufficiently well defined at this time or because it is spread over many different processes, complicating any 

assessment. These include heating and ñother end uses.ò Because heating would be served from both, hydrogen 

supply and the gas infrastructure, assessing hydrogen demand is highly dependent on the concentration of 

hydrogen in the pipeline infrastructure and the ability of end-use devices to burn such a fuel. These issues are 

discussed in Section 6. Though excluded from this report, other end uses may be evaluated in future work. 
2 Hydrogen demand could increase further, depending on how refiners choose to comply with emissions reductions 

required under the International Convention for the Prevention of Pollution from Ships (MARPOL). Because of 
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hydrogen demand by Petroleum Administration for Defense District (PADD) regions. In addition 

to the internal hydrogen production via catalytic reforming of naphtha, the total hydrogen 

demand for petroleum refining grows from 5.9 MMT in 2017 to an estimated 7.5 MMT in 2050. 

 

This study also assessed potential hydrogen demand for biofuel production using EIA 

projections of jet fuel demand in 2050 (38.6 Billion gal) (EIA 2017) and assuming the American 

Society for Testing and Materials (ASTM) allowance of up to 50% biofuel blending for aviation 

applications (ASTM 2020). Furthermore, the study estimated hydrogen demand for converting a 

projected 1.8 billion gal/yr of diesel drop-in fuels from the hydrotreatment of fats, oils, and 

greases (FOGs). Total hydrogen demand for biofuel production was then estimated by 

multiplying the hydrogen demand for selected biofuel conversion technologies per unit of fuel 

produced (or hydrogen intensity) with the estimated biofuel production volume. At 490 gH2/gal 

of bio-jet produced via catalytic fast pyrolysis of woody biomass, and 76 gH2/gal of diesel 

produced via hydrotreatment of FOGs, the total potential H2 demand for biofuel production is 

projected to be 8.7 MMT/yr . 

 

We assumed that hydrogen production costs via the refining of petroleum oil and bio-oil 

are competitive with the cost of hydrogen production via SMR of NG, and that hydrogen demand 

for refining processes will likely be inelastic relative to the hydrogen market price. 

 

 

FIGURE ES.2  Projected Total Hydrogen Demand for U.S. Refineries by 

PADD through 2050 

 

 
the uncertainty around that decision (and the potential for individual refiners to choose alternative solutions), 

MARPOL impacts were excluded from this analysis. 
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ES.2  Ammonia/Fertilizer  

 

Nitrogen (N) fertilizers are an integral part of food- and energy-crop production and rely 

on NH3 production. Stoichiometrically, the NH3 synthesis process requires approximately 

0.18 kg of hydrogen per kg of NH3 produced. This study used projected growth in agricultural 

commodity production to estimate total U.S. demand for NH3 fertilizers, along with N fertilizer 

efficiencies (in lb crop/lb N) from the National Agricultural Statistics Service (NASS) of the 

U.S. Department of Agriculture and also estimates of the domestically produced share of 

fertilizer demand to estimate hydrogen use. 

 

Out of the 13.6 MMT of NH3 consumed in the United States in 2016, the U.S. Geological 

Survey (2018) estimates that 9.8 MMT were produced domestically, while 3.8 MMT were 

imported. Thus, depending on the cost of domestically produced NH3 and global NH3 prices, the 

U.S. may import or export NH3 and its derivatives. Because NH3 prices closely follow NG 

prices, the large resources and low prices of NG in the United States could play an important role 

in increasing domestic NH3 production for the export market, thus increasing demand for 

hydrogen as well. At the same time, if currently imported NH3 were instead produced in the 

United States, domestic production could be increased by approximately 30% without a 

corresponding increase in domestic NH3 demand. 

 

Industry data on existing and planned NH3 plants in the United States were used to 

estimate the input hydrogen required for NH3 production by region (Ammonia Industry 2018). 

Figure ES.3 shows an estimated 25% increase in hydrogen demand for NH3 production between 

2017 and 2024. We assumed that domestic hydrogen demand for NH3 production beyond 2024 

would grow by another 15% by 2050, thus increasing annual hydrogen demand to 3.6 MMT. We 

also assumed that if hydrogen were produced at $2/kg, domestic ammonia production would be 

competitive with imports and could even displace imports. While the current cost of state-of-the-

art SMR can reach lower levels due to low-priced natural gas, $2/kg was assumed to be a 

reasonable threshold price, given industry input on common price points for hydrogen. 

 

 

FIGURE ES.3  Projected Hydrogen Demand for U.S. NH3 Production through 2024 
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ES.3  Synthetic Fuels and Chemicals 

 

In 2016, the United States emitted 5 billion metric tons (MT) of carbon dioxide (CO2). 

Because a large number of hydrocarbon synfuels and chemicals can be produced when hydrogen 

reacts with CO2, the production of synfuels and chemicals represents another potential demand 

for hydrogen. Moreover, when CO2 is captured and used for hydrocarbon synfuel production 

instead of being released to the atmosphere, the carbon in the produced fuel or chemical can be 

considered neutral in terms of emissions. Because of their high volumetric and gravimetric 

energy density, as well as their compatibility with existing fueling infrastructure, liquid 

hydrocarbon fuels are of particular interest for aviation, marine, rail, and truck applications. 

Methanol (MeOH) production for domestic use and export markets is another potential growth 

opportunity. 

 

Capturing CO2 from diluted flue gases is costly and requires a significant amount of 

energy. However, approximately 100 MMT of U.S. annual CO2 emissions already occur in 

concentrated formðfrom ethanol plants and from SMRs producing hydrogen for petroleum 

refining or NH3 production. If all 100 MMT of CO2 from ethanol, NH3, and SMR plants were 

used to produce synfuels, the potential hydrogen demand could be as high as 14 MMT/year, 

assuming a maximum 100% carbon conversion efficiency and using a stoichiometric 3:1 H2/CO2 

molar ratio. Figure ES.4 shows the regional distribution of this potential hydrogen demand. 

 

In the present study, a stoichiometric 3:1 H2/CO2 mole ratio and carbon conversion 

efficiency of 80% were used to estimate the potential hydrogen demand for methanol production, 

whereas a 2.4:1 H2/CO2 mole ratio and carbon conversion efficiency of 46% were used to 

estimate the potential hydrogen demand for synthetic Fischer-Tropsch (FT) fuel production. If 

only high-purity CO2 (~44 MMT) from ethanol plants were converted to near-carbon-neutral 

synthetic FT fuels or synthetic methanol, the former would require approximately 5 MMT of 

hydrogen to produce approximately 2.3 billion gallon of FT fuel, whereas the latter would 

require about 6 MMT to produce 25.5 MMT of synthetic methanol. 

 

A literature review of techno-economic analyses that estimate the cost of various synfuels 

and chemical production processes was conducted to estimate a target hydrogen price for these 

synthetic products that would enable them to be competitive with their conventional 

counterparts. The target hydrogen price was estimated so that the cost of synfuel would match 

the market price of its conventional counterpart. The threshold hydrogen price of ~$1/kg was 

estimated as required to enable synthetic FT fuel to compete with petroleum diesel at $4/gal. For 

synthetic MeOH production, the threshold hydrogen price was estimated at $1.73/kg to produce 

methanol at $0.5/kg.  


