Biomass based Hydrogen Economy
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The world wide energy supply on a fossil and atomic basis is now in an economical,
ecological and political crisis: the end of the fossil energy is foreseeable, as is an increase in
price and in dependence on imports from abroad. What is needed in this situation is an
alternative source of energy and a convincing concept that meets at least three minimum
requirements:

A CO, -Neutrality,
A Sustainability and Availability
A Affordability.

This can be achieved by implementing a green hydrogen economy in which hydrogen is
produced from biomass by thermo chemical gasification, according to the simple recipe

Biomass + H,O = H, + CO,

Since biomass is available atabout1to2 UGct / k Wh , half the priice of
this is an affordable energy source. It will be shown below that, as distinct from the process

of anaerobic digestion of biomass, the biomass energy can be transformed to hydrogen

energy almost without any loss. So the benefit of the low price of the feedstock can be

passed on to the consumer.
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Fig. 1 Genuine Hydrogen Economy

According to the concept suggested the hydrogen produced is pipelined to the user and fed
to fuel cells for decentralised generation of electricity and heat, thereby establishing a
cogeneration of heat and power (CHP). Although this is not essential to the concept, it is a
further advantage of this system that renewable sources other than biomass can be
integrated without problems as shown in Fig. 1 and Fig. 3. Calculations below are based on



the assumption that in Germany about 33% of the total energy required stem from other
renewable sources.

The implementation of this system immediately raises three core questions:

A How much biomass does it require?
A Is this much biomass available?
A What are the technical problems?

Amount of biomass required

In the electricity guided system existing presently only a fraction of the primary energy input
is converted into electricity and distributed at high costs. The greater part of the primary
energy put in is either lost or is liberated as heat energy as a difficult to utilise by-product.

Single-Family Home

- El. Power 57%

TS 1 Heat 51%

‘ =t I . ™ Hydrogen Gas Grid
Biomass 100% - . 2 108 %
‘ —— | |5 Former NG Grid /

Gasification Fuel Cell \—Y—/ Hot Water Tank
Fuel Cell Heater (e.g.10 KW,)

50-500 MW
(Regional)

Fig. 2 Supply Scheme

With a decentralised generation of electricity as depictedinFig.1i t 6s t he ot her
round: the object is to produce heat not electricity since the economy needs three to five or

more times as much heat as electricity. Fuel cells produce electricity with an efficiency of
50%-60% (Fig. 2) although less than 30% are actually needed to meet the demand.

Therefore, in such a system, which is called a heat guided economy, there will always be a
surplus of electricity- unavoidably. This by-product fsurplus electricityo can readily be

converted to heat without incurring any loss at all.
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Fig. 3 Reduction of Energy Demand

The resulting increase in efficiency is due to the CHP - the cogeneration of heat and power -,
to gains in efficiencies when heating with hydrogen or alternatively with electricity and to
improvements in the transport sector. Using official data published by the German
government it can be shown that the high efficiency of a hydrogen economy implemented
as a heat guided system (Fig. 3) slashes the amount of primary energy of 13.500 PJ/a
presently required for example in Germany to a mere 4.800 PJ/a. With 33% renewable
energies expected in Germany by 2030 an equivalent of 3.200 PJ/a (67%) remains to be
covered by biomass in a hydrogen economy. This reduction is achieved, nota bene, without
a reduction in standard of living or presupposing extensive measures of energy saving by
insulating buildings or changing from cars to bicycles etc.

It is important to note though, that for this system (Fig. 1) in which electricity would now no
longer be more expensive than heat, a decentralised generation of electricity is
imperative.

Availability of biomass

Knowing now how much biomass based hydrogen energy is needed, the second question is
how much is in fact available.

It is estimated that about 2.000PJ/a are available from municipal wastes and lopping,
agricultural and forest sewage and refuse. Only 3.200 7 2.000 = 1.200 PJ/a have to be
produced by energy crops.
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Fig. 4 Competition between Food and Energy?

Fig. 4 shows that the European Union (EU) grows far more food than it needs, the break
even point having been reached in the seventies. As the EU is continuing to enforce
increasing areas of fallow land, the remaining 1.200 PJ/a could readily be supplied without
even having to resort to the vast reserves of fallow land existing in the EU-27 and in many
counties in the world (Fig. 5). The yellow areas show the fraction of reserves in form of fallow
land in the respective countries. Considering the continual increase in yield observed over
the past forty years most countries should require only about 20% of the agricultural area for
growing energy plants.
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Fig. 5 Agricultural Efficiency

One of the advantages of the thermo-chemical gasification process is that all kinds of
biomass can be converted completely to hydrogen irrespective of its chemical nature. This
means that lignin containing plants for which agricultural science predicts a tremendous
increase in crop yield Fig. 6 can also be used as feedstock. It is for this reason that the
federal German government has decided to grant full subsidies to the production of BtL only



if the so called 2".generation plants are utilised. A competition for land between food and
fuel can therefore be excluded.
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Fig. 6 Estimation of Biomass Potential for a Genuine Hydrogen Economy

The main reason for the expected increase (Fig. 6) is that these plants absorb far less sun

energy in growing since they d o neghtbit the high content of protein and carbohydrates

typical of most food plants. The feedstoc k doesnét even ha@mwte to be dry
contrary, a water content of 40 - 50% would be advantageous. Storage in the form of silage

in winter presents no problem.

It is an important difference to the process of fermentation that in the anaerobic digestion of

biomass to produce biogas about half of the biomass has to be rejected unused, because the
bacteria candét completely cope whidrebverasiathis he mi c al
process methane is produced not hydrogen, this dramatically reduces the efficiency of low

temperature fuel cells resulting in a poor overall efficiency.

Technical Aspects

The technical implementation of a biomass based hydrogen economy comprises three
distinct sectors:

the gasification plant itself
the gas grid
A the fuel cells.

A
A

Gasification Rant

Worldwide 400 billions of m®/a of hydrogen are produced by gasification of fossil fuels in the
petrol refining and fertiliser industries.



In order to produce petrol, gasification of coal and lignite was practiced in Germany during
the war and still is in South Africa today. So, in principle, the gasification of organic material
is a proven and well established technology. Fig. 7 shows the principle in a simple scheme.
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Fig. 7 Hydrogen Production

Fig. 8 Block Diagram of Hydrogen Production

Fig. 8 shows more details. The gasification plant consists - apart from the reactor itself -, of
conventional straight forward unit operations commonly found in chemical industry e.g.
disintegration of the biomass, conveyance of solids, drying and gas purification and
separation.

But, since biomass is inconsistent and inhomogeneous in composition (water content, ash
content and composition, melting point of ash etc.) and since a modern concept of a
pressurized (25bar), cascaded fluidized bed technology is aspired, a pilot plant (50 MW)
is considered necessary in order to enable reconstruction and optimisation work to be
performed.

The gasification reactor itself again consists of three sections (Fig. 8)



