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Hydrogen is considered as a novel fuel for the twenty-
first century, mainly due to its environmentally benign
character. Production of hydrogen from renewable
biomass has several advantages compared to that of
fossil fuels. A number of processes are being practised
for efficient and economic conversion and utilization
of biomass to hydrogen. This article updates the deve-
lopments of various hydrogen-production processes
from biomass. Several developmental works are dis-
cussed, with a brief outline of different technologies
employed therein. A comparative study of existing
processes is given on the basis of their relative merits
and demerits. In addition, some techno-economic con-
siderations of hydrogen-production processes from
biomass are also highlighted.

IT is widely acknowledged that hydrogen is an attractive
energy source to replace conventional fossil fuels, both
from the environmental and economic standpoint. It is
often cited as a potential source of unlimited clean power.
When hydrogen is used as a fuel it generates no pollu-
tants, but produces water which can be recycled to make
more hydrogen (Figure 1). Apart from its use as a clean
energy resource, hydrogen can be used for various other
purposes in chemical process industries. It is used as a
reactant in hydrogenation process to produce lower
molecular weight compounds. It can also be used to satu-
rate compounds, crack hydrocarbons or remove sulphur
and nitrogen compounds. It is a good oxygen scavenger
and can therefore be used to remove traces of oxygen
to prevent oxidative corrosion. In the manufacturing of
ammonia, methanol and synthesis gas, the use of hydrogen
is well known. The future widespread use of hydrogen is
likely to be in the transportation sector, where it will help
reduce pollution. Vehicles can be powered with hydrogen
fuel cells, which are three times more efficient than a
gasoline-powered engine. As of today, all these areas of
hydrogen utilization are equivalent to 3% of the energy
consumption, but it is expected to grow significantly in
the years to come.

The commercially usable hydrogen currently being pro-
duced is extracted mostly from natural gas. Nearly 90%
of hydrogen is obtained by steam reformation of naphtha
or natural gas. Gasification of coal and electrolysis of
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water are the other industrial methods for hydrogen-
production. However, these processes are highly energy-
intensive and not always environment-friendly. More-
over, the fossil-fuel (mainly petroleum) reserves of the
world are depleting at an alarming rate. So, production of
hydrogen by exploiting alternative sources seems impera-
tive in this perspective.

Biomass, as a product of photosynthesis, is the most
versatile non-petroleum renewable resource that can be
utilized for sustainable production of hydrogen (Table 1)'.
Therefore, a cost-effective energy-production process could
be achieved in which agricultural wastes and various other
biomasses are recycled to produce hydrogen economi-
cally. The objective of this article is to present an over-
view of different production technologies of hydrogen
from biomass and to make a generalized techno-economic
analysis of the processes. Attempts have also been made
to give a brief comparative analysis of different proce-
sses on the basis of their relative advantages and dis-
advantages.

Biomass as renewable resource

As an energy source, biomass has several important
advantages. Renewability is obviously a key feature. It
also has unique versatility. The list of plant species, by-
products and waste materials that can potentially be used
as feedstock is almost endless (Table 2). Major resources
in biomass include agricultural crops and their waste by-
products, lignocellulosic products such as wood and wood
waste, waste from food processing and aquatic plants and
algae, and effluents produced in the human habitat. Mod-
erately-dried wastes such as wood residue, wood scrap
and urban garbage can be burned directly as fuel. Energy
from water-containing biomass such as sewage sludge,
agricultural and livestock effluents as well as animal ex-
creta is recovered mainly by microbial fermentation.
Moisture, ash content and gross calorific values of differ-
ent solid biomass feedstock are given in Table 3.

Biomass as energy source is characterized in the form
of both flow and stock. The amount of global forest is
estimated at 700 billion tons and acts as storage of carbon
dioxide. Available energy flow from forest is enormous
and estimated to be 5 billion tons in petroleum equiva-
lent. If these resources were used under appropriate con-
trol, they would become the major source of energy in
the near future’.
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