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Summary

Addition of hydrogen to natural gas has been shown to have a beneficial effect in terms
of improving combustion properties and reducing polluting emissions. A trade-off
between the reduction of NOx emission and increase of backfiring, which is inevitable
for burner combustion of pure hydrogen, is thereby avoided. A hydrogen—natural gas
mixture as a town gas is a possible approach to the introduction of hydrogen use into the
energy field. Furthermore, the broad flammability limits and fast flame propagation
velocity of hydrogen aid complete combustion of mixtures of hydrogen and natural gas
in internal combustion engines of both spark and compression types, and allow the
engines to be operated at the lean-burn ranges. Lean-burn operation maintains emission
of nitrogen oxides, carbon monoxide and total hydrocarbons at a much lower than that
for natural gas only. Internal combustion engines operating at or near the lean limit are a
possible technology for solving environmental problems due to pollutant emissions
from vehicles in urban areas.

1. Introduction

The use of hydrogen as an additive to hydrocarbon fuels is an approach to the
introduction ~of hydrogen into energy fields. Town gases manufactured from
hydrocarbons and coals always contained a considerable amount of hydrogen. Now,
most town gas consists of natural gas or methane. Addition of hydrogen to natural gas
presages a gradual transition to the age of hydrogen as an energy carrier. Another
possible use of hydrogen as an additive is in fuels for internal combustion engines.
Addition of hydrogen to natural gas engines has been shown to have beneficial effects
in terms of improving combustion properties and reducing polluting emissions,
especially in lean-burn operation. A significant reduction in emission of nitrogen
oxides, carbon monoxide, and hydrocarbons from automobiles is expected when fueled
with this mixture. A transportation system using natural gas containing hydrogen would
be an effective way of mitigating environmental issues in urban areas as well as
introducing hydrogen into the energy supply infrastructure.

©Encyclopedia of Life Support Systems (EOLSS)



ENERGY CARRIERS AND CONVERSION SYSTEMS - Vol. | - Hydrogen and Natural Gas Mixture - Itsuki Uehara

2. Burner Combustion of Natural Gas Mixed with Hydrogen

Natural gas consists mainly of methane. Combustion properties of hydrogen and
methane are given in Table 1. Hydrogen has wider flammability limits, a faster burning
velocity and a smaller minimum ignition energy than methane. Owing to these
properties, the flame in burner combustion of hydrogen-air mixtures, with and without
premixing, is hard to extinguish due to flame lifting and easy to backfire. The burner
combustion is accompanied by generation of a considerable amount of nitrogen oxides
(NOx), about 500 ppm. Although the NOx concentration decreases largely by
increasing the premixing ratio of air, the increase of the air ratio causes the likelihood of
backfiring. The suppression of NOx generation and backfiring is a trade-off, and is
called “a dilemma in hydrogen combustion using burners.”

In contrast, when hydrogen is burned as a mixture with natural gas, in principle, its
favorable and unfavorable combustion characteristics bring about the following positive
features. The burner combustion proceeds stably due to the increase of the flammability
limits and the reduction in backfire and ignition energy. A large thermal energy with a
small burner is obtainable due to the increase of the combustion energy per volume.
Generation of NOx can be suppressed without causing backfiring in a larger premixing
ratio of air.

In industrial areas, hydrogen is mostly burned together with other fuels. However,
conventional burners are not adaptable for mixtures of hydrogen and natural gas in
homes for safety and environmental reasons. Improvement of burners for hydrogen—
natural gas mixtures in home use is under research with respect to stable and reliable
combustion at acceptably low emission levels of NOx and total hydrocarbons (THCs).
A NOx emission level of 5 to 50 ppm is currently obtainable. Aspects of catalytic
combustion such as suitable catalysts, burner structures, and combustion conditions are
also under study. The resulting lower combustion temperature leads to a further
decrease of NOx emission.

Property Hydrogen | Methane | Propane
Density of gas at NTP? (kg m™) 0.0838 0.6512 1.87
Heat of combustion® (low) (MJ m™®) 10.78 39.72 99.03
Heat of combustion” (high) (MJ m™®) 12.75 35.80 91.21
Flammability range (limits) in air® (%) 4.1-75 53-15 2.1-10
Stoichiometric composition in air® (%) 29.53 9.48 4.02
Minimum ignition energy (mJ) 0.02 0.29 0.26
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Minimum self ignition temperature® (K) 858 813 760
Adiabatic flame temperature in air (K) 2318 2158 2198
Burning velocity? (cm s™) 237 42 46
Detonability range in air® (%) 18-59 | 6.3-135 | 3.1-7.0
E]r)%rgy of explosion of gaseous fuel® (MJ 9.9 323 a3

a) NTP = normal temperature and pressure (293.15 K, 0.1013 MPa).

b) 273.15 K, 0.1013 MPa).

¢) in a volumetric ratio.

d) a stoichiometric mixture.
Hord J., International Journal of Hydrogen Energy Vol. 3, 157-176 (1978). International
Association of Hydrogen Energy.
Source Book for Hydrogen Applications, Hydrogen Research Institute and National
Renewable Energy Laboratory.

Table 1. Combustion properties of hydrogen, methane, and propane.

TO ACCESS ALL THE 7 PAGES OF THIS CHAPTER,
Visit: http://www.eolss.net/Eolss-sampleAllChapter.aspx

Bibliography

Balthasar W. (1984). Hydrogen production and technology: today, tomorrow and beyond. International
Journal of Hydrogen Energy 9(8), 649-668. [Practical separation processes of various kinds are
introduced in the review of present and future technologies for production of hydrogen from
hydrocarbons and water.]

Hashiguchi Y. and Horiguchi S. (1983). Explosive hazards of hydrogen. Chemical Engineer’s Digest
18(2), 51-60. [This represents explosive properties of hydrogen and experimental results for ignition of
hydrogen leaked from its cylinder and arresters of hydrogen flames; in Japanese.]

Hoekstra R. L., Collier. K., and Mulligan N. (1994). Demonstration of hydrogen mixed gas vehicles.
International Journal of Hydrogen Energy, 3, 1781-1796 (ed. D. L. Block and T. N. Veziroglu;
International Association for Hydrogen Energy). [This work provides literature reviews on internal
combustion engines operated with natural gas, hydrogen—gasoline mixtures and hydrogen—natural gas
mixtures as well as their own experimental results on the engine fueled with hydrogen—natural gas
mixtures.]

©Encyclopedia of Life Support Systems (EOLSS)


https://www.eolss.net/ebooklib/sc_cart.aspx?File=E3-13-05-02

ENERGY CARRIERS AND CONVERSION SYSTEMS - Vol. | - Hydrogen and Natural Gas Mixture - Itsuki Uehara

Hord J. (1978). Is hydrogen a safe fuel? International Journal of Hydrogen Energy, 3, 157-176. [Safety
aspects of hydrogen are systematically examined and compared with those of methane and gasoline.]

Bain A., Fairlie J. M., Barclay A. J., Hansel G. J., Bose K. T., Robert Hay D., Edeskuty J. F., Swain R.
M., Ohi M. J., and Gregoire Padro E. C. (1998). Sourcebook for Hydrogen Applications. Hydrogen
Research Institute, National Renewable Energy Laboratory, 98pp. [This is a compilation of compilation
of prevailing practices and applicable codes, standards, guidelines and regulations for the safe use of
hydrogen, and provides an introductory reference document that outlines key safety considerations for
designing, building and using hydrogen as a fuel in non-industrial applications. The sourcebook seems to
have been prepared and distributed at Hydrogen Research Institute at the University of Quebec (Canada)
and National Renewable Energy Laboratory (USA).]

Miura K. (1997). Handbook of High Purification Technology, Vol. 3: Manufacturing Processes of Highly
Purified Products (ed. H. Ohya), 31 pp. Tokyo: Fuji Technosystem. [This presents principles,
apparatuses, operating conditions and specifications for separation and purification processes of
hydrogen; in Japanese.]

Miyake J. (1997). Explosion characteristics and safety evaluation of hydrogen. Journal of the Hydrogen
Energy Systems Society of Japan 22(2), 9-17. [This explains ignition, combustion, explosion, and
detonation characteristics of hydrogen—air and hydrogen—oxygen mixtures as well as safety measures of
hydrogen; in Japanese.]

Peramanu S., Cox B. G., and Pruden B. B. (1999). Economics of hydrogen recovery processes for the
purification of hydroprocessors purge and off-gases. Journal of the Hydrogen Energy Systems Society of
Japan 24(5), 405-424. [This is an economic and technical evaluation among pressure swing adsorption,
membrane and absorption methods in recovery of hydrogen from hydrocracker and hydrotreater purge
and off-gases.]

Sandrock G. (1995). Applications of hydrides. Hydrogen Energy System, Production and Utilization of
Hydrogen and Future Aspects (NATO ASI Series, ed. Y. Yurum), pp. 253-280. Dordrecht, Kluwer
Academic Publishers. [This surveys the applications for rechargeable metal hydrides, covering both those
only demonstrated and those commercially realized.]

Yokogawa K. and Fukuyama S. (1997). Hydrogen embrittlement of metallic materials. Journal of the
Hydrogen Energy Systems Society of Japan 22(2), 18-26. [This explains characteristics of hydrogen
embrittlement, hydrogen environment embrittlement of austenitic steels and new approaches to its
analysis; in Japanese.]

Biographical Sketch

Itsuki Uehara, born April 4, 1950, in Kyoto Prefecture, Japan, graduated from Nagoya Institute of
Technology in 1973. He received his ME degree in chemical engineering from Nagoya University in
1975 and Doctor of Engineering degree in electrochemistry from Kyoto University; has worked for Osaka
National Research Institute on hydrogen energy systems and applications of hydrogen storage alloys
(1975-1999); has worked as the Chief of the Central Research Institute, Toyama Industrial Technology
Center (1999-2001); is presently the Human Resource Coodinator, National Institute of Advanced
Industrial Science and Technoloy;and has published some 100 papers and 5 books.

©Encyclopedia of Life Support Systems (EOLSS)



