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numbers are expected to escalate to 30 TW and nine billion
people, respectively [1]. Fig. 1 demonstrates world's fuel
shares of total primary energy supply (TPES), electricity gen-
eration, and the resulting CO, emissions. From Fig. 1, it can be
seen that 85% of the global energy supply was met by fossil
fuels in 2011. However, because of their limited nature and
nonhomogeneous distribution, fossil fuels are not expected to
keep up with the increase in energy demand. Also, fossil fuel

Introduction

One of the major challenges of the twenty first century is
keeping up with the growth in global energy demand due to
increasing population and rising standards of living. For
instance, in 2011, 15 TW—energy was consumed by approxi-
mately seven billion people world-wide. By 2050, these

* Corresponding author. Faculty of Engineering and Applied Science, University of Ontario Institute of Technology, 2000 Simcoe Street
North, Oshawa, Ontario L1H 7K4, Canada.

E-mail addresses: Ibrahim.Dincer@uoit.ca (I. Dincer), Canan.Acar@uoit.ca (C. Acar).
http://dx.doi.org/10.1016/j.ijhydene.2014.12.035

0360-3199/Copyright © 2014, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights reserved.

Please cite this article in press as: Dincer I, Acar C, Review and evaluation of hydrogen production methods for better sus-
tainability, International Journal of Hydrogen Energy (2014), http://dx.doi.org/10.1016/j.ijjhydene.2014.12.035



mailto:Ibrahim.Dincer@uoit.ca
mailto:Canan.Acar@uoit.ca
www.sciencedirect.com/science/journal/03603199
www.elsevier.com/locate/he
http://dx.doi.org/10.1016/j.ijhydene.2014.12.035
http://dx.doi.org/10.1016/j.ijhydene.2014.12.035
http://dx.doi.org/10.1016/j.ijhydene.2014.12.035

2 INTERNATIONAL JOURNAL OF HYDROGEN ENERGY XXX (QOTL),) 1—18

Nuclear Hydro Other
5% 2% 1%

Biofuels/Waste
10%

Other

c)

Fig. 1 — World's fuel shares of (a) total primary energy supply (TPES), (b) electricity generation, and (c) CO, emissions in 2011
(Other includes geothermal, solar, wind, heat, and waste etc.) (Data from Ref. [1]).

reserves are getting less accessible as the easily-accessible
ones are consumed, and the prices of fossil fuels keep
increasing due to accessibility loss and political uncertainties
of the countries holding worlds' fossil fuel supplies. Along
with economic issues, greenhouse gas (mainly CO,) emissions
as a result of fossil fuel utilization, and their contribution to
global warming, have been raising serious environmental
concerns. Therefore, switching to a non-fossil fuel energy
source could greatly reduce the CO,-related emissions and
their adverse effect on global warming.

Reducing the dependence on fossil fuels and minimizing
environmentally harmful emissions can be achieved by sus-
tainable energy sources. With near-zero or zero end-use
emissions and continually replenished resources, hydrogen
can be an ideal sustainable energy carrier. Some of the ad-
vantages of hydrogen can be listed as: (i) high energy con-
version efficiencies; (ii) production from water with no
emissions; (iii) abundance; (iv) different forms of storage (e.g.
gaseous, liquid, or in together with metal hydrides); (v) long
distance transportation; (vi) ease of conversion to other forms
of energy; (vii) higher HHV and LHV than most of the con-
ventional fossil fuels (Table 1). On the other hand, most of the
hydrogen production methods are not mature, resulting high
production costs and/or low efficiencies [3].

Here, we go further to compare hydrogen with other con-
ventional fuels in terms of Environmental Impact Factor (EIF),
Greenization Factor (GF) and Hydrogen Content Factor (HCF)
to emphasize the importance of hydrogen as a unique option,
through the following equations:

kg CO, product of combustion reaction

EIF g fuel (1)
 ElFpax — EIF

CF=—fp—— (2)

HCE = kg of Hyin the fuel

kg fuel ()

where EIF,,x is the maximum value of EIF among the evalu-
ated options. In this specific case with 3.6, coal is selected as
the ElFax.

As can be seen from Fig. 2, with increasing hydrogen con-
tent (HCF), the energy sources become greener (increasing GF)
and the environmental impact (EIF) decreases. This is a clear
advantage of hydrogen in terms of reducing carbon-related
emissions. In order to take full advantage of the hydrogen
economy, it needs to be produced from renewable or vast

Table 1 — Higher and lower heating values of hydrogen

and common fossil fuels at 25 °C and 1 atm (Data from
Ref. [2]).

Fuel HHV (kJ/g) LHV (kJ/g)
Hydrogen 141.9 119.9
Methane 55.5 50.0
Gasoline 47.5 44.5
Diesel 44.8 42.5
Methanol 20.0 18.1

Please cite this article in press as: Dincer I, Acar C, Review and evaluation of hydrogen production methods for better sus-
tainability, International Journal of Hydrogen Energy (2014), http://dx.doi.org/10.1016/j.ijhydene.2014.12.035



http://dx.doi.org/10.1016/j.ijhydene.2014.12.035
http://dx.doi.org/10.1016/j.ijhydene.2014.12.035

Download English Version:

https://daneshyari.com/en/article/7714779

Download Persian Version:

https://daneshyari.com/article/7714779

Daneshyari.com


https://daneshyari.com/en/article/7714779
https://daneshyari.com/article/7714779
https://daneshyari.com

