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Abstract : The increase of greenhouse gases and the concern of global warming instigate the development and spread of
renewable energy and hydrogen is considered one of the clean energy sources. Hydrogen is one of the most elements in the earth
and exist in the form of fossil fuel, biomass and water. In order to use hydrogen for a clean energy source, the hydrogen produc-
tion method should be eco-friendly and economic as well. There are two different hydrogen production methods: conventional
thermal method using fossil fuel and renewable method using biomass and water. Steam reforming, autothermal reforming,
partial oxidation, and gasification (using solid fuel) have been considered for hydrogen production from fossil fuel. When using
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fossil fuel, carbon dioxide should be separated from hydrogen and captured to be accepted as a clean energy. The amount of
hydrogen from biomass is insignificant. In order to occupy noticeable portion in hydrogen industries, biomass conversion,
especially, biological method should be sufficiently improved in a process efficiency and a microorganism cultivation.
Electrolysis is a mature technology and hydrogen from water is considered the most eco-friendly method in terms of clean

energy when the electric power is from renewable sources such as photovoltaic cell, solar heat, and wind power etc.
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Table 1. Heating values for various fuels

Fuel State at ambient HHV_1 LHV_1
temperature and pressure | (MJ kg™) | (MJkg")
Hydrogen Gas 142.0 120.0
Methane Gas 55.5 50.0
Ethane Gas 52.0 48
Gasoline Liquid 47.5 44.5
Diesel Liquid 45.0 42.5
Methanol Liquid 20.0 18.0

Table 2. Hydrogen using industries [9]

Hydrogen Usage by
usage category |industry (%) Comments
An ammonia plant is typically a
Ammonia 37 hydrogen plant with a second
synthesis converter to react hydrogen with
nitrogen
This includes all bottled users,
liquid hydrogen supplied in tank
Merchant 3 trucks, and gaseous hydrogen in
short pipe lines (not including the
over-the-fence hydrogen suppliers)
Methanol 10 -
Refinery 19 Hydrocracking and hydrotreatin;
hydrogenation Y & 4 &
Cryogenics 17 -
Refinery fuel gas 14 Last resort
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Figure 1. Hydrogen production method [11].
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Figure 2. Worldwide hydrogen production by sources [12].
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Process Efficiency (%) Major advantages Major disadvantages
SR 74 - 85 Most developed technology, existing infrastructure | CO, byproduct, dependence on fossil fuels
POx 60 - 75 Proven technology, existing infrastructure CO, byproduct, dependence on fossil fuels
ATR 60 - 75 Proven technology, existing infrastructure CO, byproduct, dependence on fossil fuels
Bllomas.s - CO»-neutral, abundant and cheap feedstock Tar .fOHTl?tIOH, varying H, N onter'lt. due to seasonal
gasification availability and feedstock impurities
. .| Requires sunlight, low H, rates and yields, require-
Bio-photolysis 10 CO»-consumed, O; is the only byproduct, operation

under mild conditions

ment of large reactor volume, O, sensitivity, high
raw material cost

Dark
fermentation

60 - 80

COs-neutral, simple, can produce H, without light
contributes to waste recycling, no O, limitation

Fatty acids removal, low H; rates and yields, low

conversion efficiency, requirement of large reactor
volume

]

Electrolysis

40 - 60

nology, existing infrastructure, abundant feedstock,
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tion as an electricity storage option

No pollution with renewable sources, proven tech-

Low overall efficiency, high capital costs

Thermolysis

Photo-

20-45

Clean and sustainable, abundant feedstock, O, is the
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Elements toxicity, corrosive problems, high capital
costs

electrolysis

0.06

Emission-free, abundant feedstock, O, is the only

byproduct

Requires sunlight, low conversion efficiency, non-
effective photocatalytic material
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Figure 12. Concept of the pressure swing adsorption process [10].
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