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ABSTRACT

The main objective of this research was to carry out
technically a mass and energy balances in an energy
cogeneration plant with cattle excrement having biogas +
natural gas as a fuel. It was used like raw material for
hydrogen production.

Also to evaluate the economic pre-feasibility of the
steam reforming plant using GN and Biogas + GN mixture
fuels. An analysis of an electric energy cogeneration plant
was carried out; this plant used biogas and GN. Based on
these fuels, an industrial significant scale for this research
was fixed, as a consequence an installed power of 75 MW
was selected. Mass and energy balances were carried out
over this installed power.

1 INTRODUCTION

Hydrogen can be produced in big amounts starting from
primary energy sources such as fossil fuels (coal, petroleum
or natural gas), different intermediaries (refinery products,
ammonia and methanol) and alternative sources like
biomass, biogas and waste materials. Water steam reform of
natural gas represents approximately three quarter of the
total hydrogen production. The process is based on the
water steam reaction and the high- temperature methane
over a catalyst. Other gases that have hydrocarbons are also
suitable for the hydrogen production, such as different
gases (biogas) coming from the biomass and waste
anaerobe fermentation. [1,2,3]

A project that has the hydrogen production by the gas
reforming, as a product of the biomass decomposition, is
the example of the cogeneration plant in Tizayuca Hidalgo.
The object of this plant is to obtain biogas, organic fertilizer
and a water treatment plant. However it is also possible to
obtain hydrogen by catalytic reform starting from biogas
obtained from the cattle excrement wastes; as a
consequence the biogas plant energy balance

will be perform, this balance will start from the plant
process that will have the following stages: cattle excrement
accumulation, anaerobe treatment digestores, liquid/solid

separation, biogas production, motors and thermal recovery
to give us electricity and heat. These results will permit us
to determine by the biogas reforming the hydrogen quantity
that was produced. It can be used as a fuel for the
cogeneration equipment motors.

2 BIOMASS

In this research the following Buswell equation for the
excrement biological reaction was used:

Co H, Op + (n— a/4 — b/2) H,0 =
(1/2 — a/8 +b/4) CO, + (n/2 + a/8 — b/4) CH, (1)

In the natural process the production is 60-70 by 100
CH,4 and 40-30 by 100 CO,. It is constant basically for each
type of biomass. This final gaseous product of the reaction
is commonly named biogas. [7]

3 STEAM REFORMING

Steam reform is the common method to produce gases
enriched in hydrogen. Methane, main component of the
natural gas, reacts with steam according to the following
equilibrium [8,9,10]:

CH,+H,0 —p CO +3H, Q)

3.1 Reforming by Natural Gas, Biogas
(methane) and GN + Biogas mixture

This section shows that starting from choosing the
steam reforming process for hydrogen production, the
energy balances will be used starting from three
possibilities of fuels to know about the hydrogen
production. It will be possible with the characteristics of the
plant and of the reformer.

Fig 3.1 shows three possibilities of fuels in the steam
reformer using the Tizayuca plant diagram. In this figure
the steam reformer is added to produce hydrogen starting
from three possibilities of fuels to develop material and
energy balances; table 3.1 gives the calculation of the
percentages that will be used in the RV.

Cleantech 2007, ISBN 1-4200-6382-0 1



ELECTRICIDAD

Recuperacion
térmica

Recepcion

P Tratamiento
Purines

Anaerobio

PRODUCCI:.

Fig. 3.1 Diagram of the different fuels for feeding RV to
produce hydrogen in the Tizayuca Plant.

Table 3.1 Percentages of the compositions fuels.

GN Biogas Mezcla Biogas +
GN
Composicién
original (ton/d) 10.14 70.2 80.34
Composicién 13170 58,500 71670
original (m*/d)
% 18.38 81.62 100

4 MASS AND ENERGY BALANCE
RESULTS

We consider a global mass and energy balance of the
steam methane reforming plant in a stationary state.

1. Reforming (molar)

CH, +2H,0  — CO, +4H, (3)
MJ

AHp=158 |~
kgCH4

2. Combustion (molar)

CH,+20, —» CO,+2H,0 4)
MJ

AHp =-55 |[——
kgCH4

When the mass and energy balance is performed for the
steam methane reforming plant, the following reactions in a
mass base are (kg).

1) 1CH4 +40; » 275C0, +2.25H,0
2)3.48CH4 + 7.83H,0p,  9.57CO, + 1.74H,

4.48 CH, +40,+ 5.58H,0 —Pp»12.32CO, + 1.74H,
<:> 1CH, + 0.890, + 1.25 H,0 — 9 2.75C0, + 0.39H,

The one estequiometricamente molar is to:

1CH4 + 0.440, + 1.12H,0—p  1CO, +3.12H,

4.1 Balance analysis

When we had the composition of the excrement
reaction, we developed the mass and energy balance where
we obtained, after developing a mass and energy balance in
a stationary state, the following global process result
expressed in molar terms (volumetrical): the first and third
hypotheses gave the same result, 3.120 mol of hydrogen
and 2.184 mol of hydrogen with regard to the second one.
In conclusion biogas can be a fuel for the steam reforming
process that can produce the same hydrogen quantity; also
it can be produced using 100% of GN.

According to the excrement quantity used in the plant, it
will be required a double increase of the quantity. As a
result the steam reforming plant will work with 100% of
biogas as a fuel. It is also important to mention that this
biogas can be richer with regard to its calorific heat if
different excrement mixtures are used such as excrements
of pigs, cows and organic wastes. This is an important fact
that can be part of later researches.
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S ECONOMIC EVALUATION

It was possible to calculate the following economic
indicators, VPN and TIR because of the balances.

Table 5.1 Economic indicators that were obtained for the
steam methane reforming process.

RV RV
100% GN 70%Biogas + 30%GN
VPN
(miles de US$) | $885.292 924.557
TIR 152% 152%

The balanced generation cost is the quotient of VPN cost
and VPN of electricity production.

Costo nivelado RV RV
de generacién 100% GN 70%Biogas + 30%GN
US$/kW 4.066 1.539

The one that emerged for biogas + GN mixture is 2.64
times smaller, regarding to the generation balanced cost.

5.1 Economic evaluation analysis

By the economic evaluation we have that the net present
value VPN is bigger than zero in both cases, this is because
of the investments costs, therefore they are part of the same
magnitude. In conclusion the project is profitable. The
internal rate of rebate is bigger than the deduction rate
(9%); it is totally possible to obtain great benefits using
biogas (methane) as a fuel in the steam reformer.

The main difference in the project profitabilities is
because of the changeable costs. Using biogas (methane) as
a fuel only the water process costs, cooling water and
electricity have an influence, the raw material costs are
reduced in a 70% because only 30% of GN is used.

6 CONCLUSION
It is technically feasible to operate a combine
biotechnological plant of hydrogen production with the
biogas properties and the mass and energy balances under
the used conditions.

The biogas is generated starting from a solid waste
quantity (excrement); when it is used as a fuel in a steam
reformer we get the following mass and energy balance
percentages for the hypotheses used in this work:

¢ First hypothesis: 100% of GN we obtain 99% of
hydrogen.

¢ Second hypothesis: 100% of biogas we obtain 70%
of hydrogen.

*  Third hypothesis: a mixture of biogas + 30% of GN
we obtain 99% of hydrogen.

It is feasible to use a biogas + GN mixture with regard
to the economic evaluation since the hydrogen production
costs by the steam methane reforming technology using as a
fuel the biogas + GN mixture is cheaper; from the order of
US$0.1994 kg H,, in comparison with the hydrogen
production costs using GN of the order of US$0.469 kg H,
as a fuel. As a result we get in both cases an annual
production of 29.683.500 kg/year of H,.

The result obtained for the biogas + GN mixture
regarding to the generation balance costs is =
USS$1.539/kW and the one of GN is =US$4.066/kW. The
first one is 2.64 times smaller.

This result proves that it is attractive, for the
businessman, to invest in this type of combined
biotechnological plants.

REFERENCES

[1] Gaudemark, B. and Lynum, S. Hydrogen
production from natural gas without release of CO,
to the atmosphere. Florida, USA, Proceedings of the
11th World Hydrogen Energy Conference, 1996,
p.511-523.

[2] Manuales sobre energia renovable: Biomasa/
Biomasa.Users Network (BUN-CA). -1 ed. -San
José, C.R. : Biomass Users Network (BUN-CA),
2002. p. 42 - 54

[3] Houghton J. T. Climate Change 2001: The
Scientific Basis. Contribution of Working Group I
to the Third Assessment Report of the
Intergovernmental Panel on Climate Change.
Cambridge Univ. Pr., 2001, p.125-175.

[4] TPCC. Climate Change 1995: Scientific-Technical
Analyses of Impacts, Adaptations, and Mitigation
of Climate Change. Cambridge University Press,
Cambridge, UK and New York, NY, USA, 1996, p.
235-267.

Cleantech 2007, ISBN 1-4200-6382-0 3



[5] FAO-WETT. Wood energy information in Africa:
Review of TCDC Wood Energy country reports and
comparison with the regional WETT study. Rome,
Food and Agriculture Organization, 2002 of the
UN: 61.

[6] OLADE (organizacion latinoamericana de
energia).Biogds energia y fertilizantes a partir de
desechos organicos. México 1994, p.7-65.

[7] Antonio Alonso Concheiro y Luis Rodriguez
Viqueira. Biomasa, Alternativas Energéticas
CoNaCyT y el Fondo de Cultura Economica 1985.
p-175

[8] Biogas.
http://www.ingenieroambiental.com/Biogas
http://www.roseworthy.adelaide.edu.au/

~pharris/biogas/beginners.html
http://www.fao.org/ag/aga/agap/frg/Recycle/biodig/

manual.htm
http://www.hcem.fpt.vn/inet/~recycle

[9] Borda Bremen. Biogas plants, building instructions.
German Appropriate Technology Exchange,
Germany, 1998. p. 225-236

[10] Information and advisory service on appropriate
technology. Biogas Digest. Biogas Basics. 2004.
Volume I.
http://www5.gtz.de/gate/id/Download.afp?PubNam
e=../publications/BiogasDigestVoll.pdf, 12 de abril
de 2004.

[11]Evaluacién de mezclas de estiércol de bovino y
esquilmos vegetales para obtenciéon de biogas por

fermentacion anaerobica. Informe ITE/FE-A2/12.
Instituto de investigaciones Eléctricas. Cuernavaca,
Mor., México. Junio, 1979.

[12] Information and advisory service on appropriate
technology. gtz project. Biogas Digest. Volume II.
Biogas — Application and Product Development.
http://www5.gtz.de/gate/id/Download.afp?PubNam
e=../publications/BiogasDigestVol2.pdf, 12 de abril
de 2004

[13] Gavalda Oguiu E. Viabilidad técnico-econémica del
aprovechamiento energético del biogas producido
por codigestion de purines de cerdo. Aplicacién a
una granja de 5000 cerdos situada en Catalunya.
Proyecto de final de carrera, Escuela Técnica
Superior de Ingenieros Industriales de Catalunya,
Universidad Politécnica de Catalunya. 2000.

[14] German federal ministry for economic cooperation
and development (gtz). Naturgerechte technologien,
bau- und wirtschaftsberatung (tbw) GmbH
Anaerobic Processes for the treatment of Municipal
and Industrial Wastewater and Waste. An
Overview.

[15]Ministerio de Economia, Direccién General de
Politica Energética y Minas. Planificacion y
desarrollo de las redes de transporte eléctrico y
gasista 2002-2011.
http://www.mineco.es/transporteelectricoygasista,

15 de julio de 2000

Cleantech 2007, ISBN 1-4200-6382-0



