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Methanol production from biogas
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Abstract— Methanol is produced from synthesis gas, which is
produced from natural gas. Natural gas can be replaced by biogas for
the production of synthesis gas. We compare the production of
methanol from varieties of raw materials - natural gas and biogas.
The basic starting point for comparison is the same mass inlet flow
rate of both raw materials under the same operating conditions.
Methanol production using natural gas and biogas as the raw material
was simulated using an Aspen Plus simulator with real chemical
thermodynamic, and 16 146 kg/h crude methanol from natural gas
and 14 615 kg/h from biogas could be produced. Methanol
production from biogas could also increase by 9.7 % with processed
operational and parametric modification using nonlinear
programming (NLP). The most important is the conversion of
methane in the reformer. Optimal methane conversion could take
place by operating with the use of optimal parametric data in a
reformer unit (temperature=840 °C and pressure=8 bar). The optimal
production of methanol from biogas was 16 040 kg/h under optimal
parameters.
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1. INTRODUCTION

naerobic digestion is a process in which the

biodegradation of organic matter occurs in the absence of

dissolved oxygen. It is a well-established and
internationally applied technology for stabilizing municipal
sewage sludge, treating organic wastes, products and
wastewaters from industries, households, and farms [1]. The
resulting methane gas is a highly energetic biogas which is
used in combined heat and power generators. The
development of biogas technology took place at the beginning
of the 19th century. However, owing to the energy crises of the
1970s, anaerobic digestion technology underwent significant
development [2, 3].

Anaerobic digestion systems for the fermentation of
organic matters are widely used with commercial digesters of
70-5000 m’, small units are used mainly for heating, while
large units are used for electricity generation. Much of the
technology is based in Europe, with Germany and Denmark
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leading the field [4]. According to Nacke and co-authors, by
the end of 2005, there were more than 2000 biogas plants in
Germany, of different sizes [5].

II. METHANOL PRODUCTION

This paper presents the methanol production from
biogas. The case study is based on a Lurgi methanol process
[7, 91 (Fig. 1). The methanol process is composed of three
subsystems:

e production of synthesis gas
production of crude methanol and
purification of methanol (F301, D301-D304).

We studied the possibility of better conversion
regarding synthesis gas in retrofitting the Lurgi process for
low-pressure crude methanol production (without purification)
from biogas.

Raw material (natural gas or biogas) is first
desulphurized (D101) and then heated up in a steam reformer
(REA-1), where synthesis gas is produced from raw material
(natural gas or biogas) and steam, at 825 °C 15 bar:
3C,Hg+ 6.5H,0 — 2CO + 12H, + 1.75CH, + 2.25CO,

AH?® =196.17 kJ/mol (R1)
3C;Hg+ 10H,O — 3.5CO,+ 17H, + 3CO + 2.5CH,4
AH*® =277.88 kJ/mol (R2)

3CHjp+ 13.5H,0 » 4.75CO,+ 22H,+ 4CO + 3.25CH,4

AH**=361.48 kJ/mol (R3)
CH,+H,0 S CO+3H,
AH?® =206.08 kJ/mol (R4)
CO+H,0 S CO,+H,
AH?® =—-41.17 kJ/mol (R5)

The hot stream of the synthesis gas is cooled in an E107
boiler, in E109, E110, E111 heat exchangers in an EA101 air
cooler, and in an E112 water cooler. The condensate is
expanded in flashes: F1, F2, F107, and F108. The synthesis
gas is compressed in G201 and G201II two-stage
Ccompressors.

In the second subsystem, methanol is produced by the catalytic
hydrogenation of carbon monoxide and/or carbon dioxide in a
REA-2 reactor using three main reactions (» = R6, R7, R8):

CO +2H, 5 CH;0H AH = ~90.77 kJ/mol
CO, +3H, S CH;0H + H,0 AH?® =~ 49.58 kJ/mol
CO,+H, S CO+H,0 AH* = 41.19 kJ/mol

The high-pressure reactor REA-2 is operated within the
existing parameters and un-converted gas is recycled. The inlet

ISSN: 1790-5095



PROCEEDINGS OF THE 3RD INTERNATIONAL CONFERENCE ON ENERGY AND DEVELOPMENT - ENVIRONMENT - BIOMEDICINE

stream of the reactor is heated by a process stream (HEPR) or
by high-pressure steam (HEST) or a combination of both. The
stream leaving the turbine is cooled using air (HEA) and water
(HEW) coolers before entering the flash (SEP). The liquid
stream of the separation is the product and the recycled gas
stream is compressed to 51 bar in a new, two-stage compressor
(COMP1, 2) with intermediate water cooling (HEW1). The
purge gas is separated from the crude methanol in the flash
F301. The purification includes the distillation columns
(D301-D304).

III. METHANOL PRODUCTION FROM BIOGAS

Natural gas could be replaced with biogas, which
contains 75 % methane (7 895 kg/h), 23% carbon dioxide (2
420 kg/h), and 2 % of hydrogen (210 kg/h), but producing
only 14 615 kg/h of crude methanol under existing unchanged
process conditions.

Most parameters’ effects on material balance were
studied, by using an Aspen Plus simulator to determine the
material balance of synthesis gas, crude methanol mass flow
(mmeon) and the possible production of steam heat flow rate
(Osteam)- The most sensitive processing unit for optimizing
synthesis gas is a reformer. The reaction of synthesis gas was
carried out by using an equilibrium reactor model (RGIBBS;
[6]). The reactions R1-R5 took place in reactor REA-1. The
conversions of the reactors R1-R3 are 100 %. The outlet
stream of reactor REA-1 was observed at different parameters.
The parameters can be influenced, especially during reactions
R4- RS:

CH;+H,0 S CO +3H,

AH?® =206.08 kJ/m (R4)
CO+H,0 S CO,+H,
AHP® = —41.17 kJ/mol (R5)

The composition of synthesis gas has a strong effect
on the composition of crude methanol mass flow (my.0n) and
the possible production of steam heat flow rate (Qgeam). The
most important is the conversion of methane in the reformer.
Optimal methane conversion could take place by operating
with the use of optimal parametric data in a reformer unit. The
best methane conversion is under lower pressure and higher
temperature.

The pressure and temperature effects on synthesis gas
conversions were determined by wusing an Aspen Plus
simulator and were modelled using equations, and included in
the NLP model. Methanol production from biogas could also
increase with processed operational and parametric
modification using nonlinear programming (NLP; [8]).
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The primary objective of retrofit is to change the raw
material with a minimum of additional cost and maximize the
production of methanol and steam. The optimal production of
methanol was 16 040 kg/h at optimal parameters
(temperature=840 °C and pressure=8 bar) in the reformer.
Optimal steam production was 13 230 kW. Additional cost
only included the additional heating of the reformer with 0.045
MEUR/a. The total annual income was 1.36 MEUR/a.
Methanol production from biogas could be increased by 9.7 %
with processed operational and parametric modification using
nonlinear programming (NLP). The profit was 1.315 MEUR/a
depending on optimized conditions. The total methanol mass
flow from biogas under optimal conditions was identical to
that of the total methanol mass from natural gas.

IV. CONCLUSIONS

Natural gas may be replaced by renewable sources of
second generation - nonfood sources. Natural gas can be
replaced by biogas for the production of synthesis gas.
Methanol is produced from synthesis gas, which is produced
from raw material - natural gas or biogas. A comparison of
methanol production from two varieties of raw materials —
were made — natural gas and biogas. The basic starting point
for comparison is the same mass inlet flow rates for both raw
materials under the same operating conditions. Methanol
production using natural gas and biogas as the raw materials
was simulated using an Aspen Plus simulator with real
chemical thermodynamic, and 16 146 kg/h crude methanol
from natural gas and 14 615 kg/h from biogas could be
produced. Methanol production from biogas could also
increase by 9.7 % with processed operational and parametric
modification using nonlinear programming (NLP). The NLP
model contains equations which enable methanol and steam
production, and parametric optimization. The most important
is the conversion of methane in the reformer. Optimal methane
conversion could take place by operating by the use of optimal
parametric data in a reformer unit. Mathematical problems
could include equations which present synthesis gas
composition, crude methanol, and steam productions. The
primary objective of retrofit is to change the raw material with
a minimum of additional cost and maximize the production of
methanol and steam. The optimal production of methanol was
16 040 kg/h under optimal parameters (temperature=840 °C
and pressure=8 bar) in the reformer. Optimal steam production
was 13 230 kW. The total methanol mass flow from biogas
under optimal conditions was identical with the total methanol
mass from natural gas.
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Fig 1: Process flow diagram of a low-pressure Lurgi
methanol plant.
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