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a b s t r a c t

At present, practically all industrial production of hydrogen either directly or indirectly

(e.g., through electricity generation) relies on fossil fuels (mostly, natural gas and coal) and,

according to many projections, this trend will continue in the foreseeable future. As a

result, hydrogen plants are and will remain a major source of CO2 emissions to the at-

mosphere, with potentially adverse consequences to our planet's ecosphere and climate. In

view of these negative trends, there is an urgent need to substantially reduce or even

completely eliminate CO2 emissions from fossil fuel-based hydrogen production processes

in order to underscore environmental advantages of hydrogen as an ecologically clean fuel.

The main technological approaches to low to near-zero CO2 production of hydrogen from

fossil fuels can be classified into three main groups: (1) coupling hydrogen plants with CO2

capture and storage systems, (2) dissociation of hydrocarbons to hydrogen and carbon, and

(3) integrating hydrogen production processes with non-carbon energy sources such as

nuclear and solar energy. The objective of this paper is to overview and analyze the current

status of existing and emerging technological options and solutions to drastically reducing

the amount of CO2 emissions from fossil fuel-based hydrogen manufacturing plants. A

near-to-mid term outlook for low to near-zero CO2 hydrogen production from fossil fuels in

the light of new technological trends is examined in this paper.

© 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Contents

Hydrogen production plants as a major source of CO2 emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Fossil fuel-based hydrogen production with carbon capture and storage (CCS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Application of CCS to hydrogen plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

CO2 capture from hydrogen plant process streams: overview of technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

CO2 transport options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

CO2 storage options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Integration of steam methane reforming with CCS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Hydrogen production from coal with CCS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Economics of fossil fuel-based hydrogen production with CCS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

E-mail address: muradov@fsec.ucf.edu.

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.elsevier .com/locate/he

i n t e r n a t i o n a l j o u r n a l o f h yd r o g e n e n e r g y x x x ( 2 0 1 7 ) 1e3 1

http://dx.doi.org/10.1016/j.ijhydene.2017.04.101
0360-3199/© 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Please cite this article in press as: Muradov N, Low to near-zero CO2 production of hydrogen from fossil fuels: Status and perspectives,
International Journal of Hydrogen Energy (2017), http://dx.doi.org/10.1016/j.ijhydene.2017.04.101

mailto:muradov@fsec.ucf.edu
www.sciencedirect.com/science/journal/03603199
www.elsevier.com/locate/he
http://dx.doi.org/10.1016/j.ijhydene.2017.04.101
http://dx.doi.org/10.1016/j.ijhydene.2017.04.101
http://dx.doi.org/10.1016/j.ijhydene.2017.04.101


Emerging CCS-ready reforming technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Non-oxidative processing of hydrocarbons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Methane decomposition as CO2-free approach to hydrogen production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Thermal (non-catalytic) decomposition of methane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Catalytic methane decomposition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Economics of H2 production via methane decomposition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Plasma-assisted decomposition of hydrocarbons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Thermal plasma systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Non-thermal plasma systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Refinery processes as a source of CO2-free hydrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Hydrogen as a byproduct of refinery/petrochemical processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

On perspectives of net-zero CO2 refineries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Use of nuclear energy for fossil fuel-based hydrogen production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Integration of SMR and coal gasifiers with high-temperature nuclear reactors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Use of nuclear heat input for methane decomposition process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Solar-powered hydrogen production from fossil fuels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Solar reforming of methane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Solar gasification of coal and solid fuels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Solar-powered decomposition of methane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Photoreforming of hydrocarbon fuels to hydrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Summary: status and future trends in carbon-free hydrogen production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Hydrogen production plants as a major source of
CO2 emissions

Currently, practically all industrialmanufacturing of hydrogen

(globally, about 60 million metric tons per year [1]) is based on

fossil fuels (mainly, natural gas and coal) either directly (i.e.,

using them as a feedstock and process fuel) or indirectly (i.e.,

through the use of fossil fuel-generated electricity). The main

industrial sources of merchant hydrogen are as follows:

� Steam methane reforming (SMR) (globally, about half of all

H2 produced)

� Partial oxidation and autothermal reforming

� Steam-oxygen gasification of coal

� Refineries and chemical plants (including chlor-alkali

process) off-gases

� Water electrolysis

� Other minor sources (plasma pyrolysis, residual oil and

biomass gasification, etc)
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