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Abstract

Dimethyl ether (DME) is a clean and economical alternative fuel which can be produced from natural
gas, synthesis gas and from flue gas. The properties of DME are very similar to those of LPG gas. DME
can be used for various fields as a fuel such as power generation, transportation, home heating and
cooking, etc. It contains no sulfur or nitrogen. An innovative process of synthesis of DME from flue gas
is developed. It is an innovative process since the raw material is one of the greenhouse gases. Carbon
dioxide is used for the synthesis. This gas is abundantly available in the environment. The cement
industry releases lot of carbon dioxide gas. This gas can be utilized for production of Dimethyl ether.
The feasibility of the process is verified using ASPEN simulation.
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Introduction

There is no universally accepted
definition for bulk, fine and specialty chemicals,
nor are these classifications based on any
intrinsic properties. A working definition of a
fine chemical is one with a price of more than 10
USD per kilogram. Future energy demand
especially in the pacific and Asian regions is
forecasted to be huge. Therefore limited energy
supply as well as environmental issue caused by
consumption of fuel would be substantial
obstacles to realize constant economic growth in
these regions. Dimethyl ether (DME), which is
recently recognized as a new clean fuel and is
synthesized from natural gas, will give a solution
of secure energy sup-ply and environmental
conservation. Dimethyl ether (DME) is also
known as methoxymethane. It is an isomer of
ethanol. DME is most commonly used as a
replacement for propane in liquid petroleum gas
(LPG) and used as a replacement for diesel fuel
in transportation. In case of use non-renewable
energy causing pollution as well as get exhausted
after a period of time. Flue gases contain carbon
dioxide gas which is a greenhouse gas and
causes air pollution in turn damages the ozone

layer. So this gas is used for the production of
DME instead. It is as well used as an alternative
fuel. It is also wused as a refrigerant.
Chlorofluorocarbons used as refrigerant can be
replaced with DME. There are four different
processes used for DME synthesis [1-4].

Carbon dioxide valorization process is
selected in the present work for simulation using
ASPEN Plus. Carbon dioxide valorization
process [4], Instead of the syngas, a CO,-rich
feedstock can be supplied to the DME
production process, thus converting the CO; in a
high added value product. By this process, the
CO,, which is the main greenhouse gas, is not
emitted but is converted into a fuel which can be
burned releasing again the carbon dioxide [4].

This process is carried out in two steps.
The two steps are (i) Production of methanol
from carbon dioxide and water [5], and
Production of Dimethyl ether by methanol
dehydration [6]. Table 1 gives the methanol
production process conditions and table 2 gives
the methanol to DME process conditions.
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Table 1. Methanol production process conditions

Methanol Conditions

production

Temperature 100- 2400°C

Pressure 75 bar

Catalyst Copper oxide
(CuO)

Reactor type Fixed bed reactor

Table 2. Methanol to DME process conditions

Methanol - DME Conditions

Temperature 250-3300°C

Pressure 15 bar

Catalyst Alumina

Reactor type Fixed bed reactor

Process Simulation
Flow sheet

The process model flow sheet maps out
the entire system. The flow sheet shows one or
more inlet streams entering into the system's first
unit operation (i.e., heat exchanger, compressor,
reactor, distillation column, etc.) and continues
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through the process, illustrating all intermediate
unit operations and the interconnecting streams.
The flow sheet also indicates all product streams.
Each stream and unit operation is labeled and
identified.

Chemical components

The process model specifies all chemical
components of the system from the necessary
reactants and products, to steam and cooling
water.

Operating conditions

All unit operations in the process model
are kept under particular operating conditions
(i.e., temperature, pressure, size). These are
usually at the discretion of the engineer, for it is
the operating conditions of the process that affect
the outcome of the system. The first step in
creating a process model is drawing the flows
sheet in ASPEN Plus™. Now, when the process
flow sheet is complete, process conditions
should be entered. When the simulation is
complete the result summary can be printed. Fig.
1 shows the DME production process flow
diagram used for simulation [7, 8].

Fig. 1. Simulation of DME Production

be correct. The stream data tells the process is
feasible to perform in a large scale. The product
DME obtained for a small scale is 1000 kg/h.
The distillation columns used are effective in the
separation process.

Results and discussions

Simulation results of DME Production
are shown in Fig. 3. The stream analysis of the
DME production was simulated. The process
stream results help us to find how effective the
process is and the kinetic studies are proved to

©2018 The Authors. Published by G J Publications under the CC BY license. 58



Govindarasu et al., 2018.

Simulation of DME production from carbondioxide by indirect process

|
\ _
A L -] g Ao sl S
Fr——
Hol=Flow Eacty |
IO Er R N N R R
TWRER L T B T T I T B e v R I T O B G e C R BT
NE N N N I N N N R G R
e 0 G @ W ] i) ] ) ] o i W
a0 T w0 G ) 0 w0 m ) 00 | W @0
ToaFen brdie SR G G NG E G AR N R e R
TodPou b T T B 5 P K T = = S T O T s R
TaaFiom ol ECEE N N N N LN EEN CER EER B
TenceaueF NG E N S R E O R L R T
Prcszs | lcsjea O O T O <er v T 7 B T e - T
4 b
i , [ i
. L D T T T 2 = A
Sibsrean WIED [ |
W= Fow Enclle | i
| CARBE-D ‘ 08 3530204 395224 39 |3 358204 39924 0o GG 00 a0
WATER ‘ 7658%5 317eA 3745 864 188643 384643 0125083 31954 Eith k] 0110820 (110620
METHA{N ‘ Dasesse aALlic] £514083 3508 | 8325308 G 1) 26782 B[9Nes 218551 181177 181775
EED | 00 G0 0o 0o 400 400 20 0o a0 00 00
DMET01 ‘ [111] 6o 0o 0o it} ag a0 oo G0 00 (L}
Totd Pow boole ‘ 7716581 BR449% B4 F5% | §750876 25787 472353 028623 21543 1412830 1812830
Totd Flow B 1397145 2288651 2263851 BEE jxeW| 2843383 156257 1284% 56348 M7 |2
Totd Fow cufths 24512 £1 74643 25044 AU £63008 127633 810463 808 150782 1241638 178946
TempeazeF ‘ 29184 1155308 e M 2660000 4220000 2120000 2017 14975 14790 14T 720
_ Presssere ] ‘1-?‘{127" 145067 17 2008 ITER 208 53T 149377 145077 145677 1291087 -
Fig. 2. Simulation Results of DME Production
Conclusions G, Centi G (Eds.). Springer-Verlag

The discussed process is feasible and friendly to
environment. The process reduces the
greenhouse gases. The flue gases produced from
the cement industry can be utilized for this
process. So it is a more economic and convenient
process. Since the ASPEN results were obtained,
the process can be used on a large scale for DME
production.
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