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Abstract

Dimethyl ether (DME) is a source of fuel that produces clean energy for the future. Methanol can be used as a raw
material for the manufacture of DME as a natural gas that is treated for synthesis. This paper evaluates how to improve
net energy efficiency in DME production and how to review the net energy efficiency calculations in DME production.
Methods used for production of DME are methanol dehydration, thermodynamics examination, also improving the net
energy efficiency of DME with the addition of the heat exchanger (E-100), the addition of a heater (E-104) before
entering a column (T-102), and moved the mixer position before the heater (E-100). By modifying the addition of a heat
exchanger (E-100), heater (E-104), and changing the position of the mixer in DME production, it has been proven that
it can reduce energy requirements in the dimethyl ether synthesis process from methanol and increase net energy
efficiency by up to 98.83%. The results of the case study indicate that the addition heat exchanger (E-100) able to reduce
the heater load after the creation process and remove the cooler (E-101) that existed before creation, then the addition
of the heater (E-104) serves to reduce the load of Qcond2 and Qreb2 on columns (T-102), also the position of the mixer
for the methanol recycling flow is moved before the heater (E-100) is intended to remove the heaters (E-103).
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1. Introduction pathways, has a high Cetane number and is
therefore suitable for use in efficient and durable
compression ignition engines [3]. Also, cosmetic
manufacturers use DME as an alternative to
chlorofluorocarbon (CFC) propellants, which
destroy the ozone layer [4]. Then, China is one of
the prominent providers and consumers of DME

g : that use it as an alternative to LPG and diesel fuel
(DME, HsCOCHzs) is regarded as a meaningful in several industries and products such as

alternative f}lel as it has a.comparably high cosmetics, lighters [5,6].

energy density [3], can .eas1'ly be stored on Formation of DME from methanol through an
vehicles, can be produced via different renewable indirect process which is dehydration process of
methanol [7] (Figure 1). The reaction proceeds

* Corresponding Author. under certain conditions without producing a
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The increasing global environmental
pollution and energy supply issues have drawn
attention to dimethyl ether (DME), a multi-
source, multi-purpose product [1]. Syngas, which
is created from natural gas, coal, or biomass, can
be used to make DME [2]. So, Dimethyl Ether
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reaction side [8]. The DME synthesis process was
chosen for this graduation project due to its
growing significance on a global scale in terms of
energy and environmental benefits, as well as the
appropriate level of personal interest in the
subject [9]. However, the current DME synthesis
process lacks an energy efficiency concept, posing
challenges for economic sustainability.

To enhance DE production from both
economic and production perspectives, this
research will investigate the design of a methyl
chloride plant using simulations that consider
aspects of energy efficiency. Research studies
indicate that addressing this issue can be
accomplished by implementing sustainable
design procedures at various stages of the process.
Optimizing energy usage in the industry is
crucial, aligning with key targets in the industrial
sector.

As for previous research on energy efficiency
of dimethyl ether purification process by utilizing
dividing wall columns [10], and energy efficient
methanol to dimethyl ether processes combined
with water containing methanol recycling [11].
The objective of this research work is to improve
net energy efficiency in DME production and how
to review the net energy efficiency calculations in
DME production.

2. Research Methods
2.1. Metanol Dehydration

The most basic ether is DME, sometimes
referred to as methoxy methane, wood ether,
diethyl oxide, or methyl ether [12]. At normal
circumstances, it 1s a colorless, somewhat
narcotic, harmless, and extremely combustible
gas; but, at mild pressure, it can be handled like
a liquid. DME shares several characteristics with
Liquefied Petroleum Gas (LPG) [13].

Recovered Methanol

Therefore, based on the matured technology
of LPG application, as far as storage,
transportation, and wusage, no remarkable
problem for the use of DME exists. The reaction of
DME synthesis is mainly dehydration of methanol
that is exothermic and reversible. In the current
work, the rate expression has been selected from
[14].

Production of DME is carried out through
catalytic dehydration of methanol through
zaolithic acid catalysts [15]. The main reaction is
as follows:

2CH30H(g) — (CHs)20(g) + H20(g) 1)

On the process flow diagram, it shows 50,000
metric tons per year with a purity of 99.5 wt% of
the DME products produced. Fresh methanol is
pumped with P-100 to be preheated by the heat
exchanger (E-101). Fresh Methanol (Stream 3) is
combined with the recycled reagent (Stream 13) in
the vessel (V-100), then sent to the fixed-bed
reactor (CRV-100) operating between 250 °C and
370 °C. The single-pass conversion of the metanol
in the reactor is 80%.

The reactor output (Stream 5) is then cooled
by the thermal exchanger (E-203) before being
shipped to the first column of the two distillation
columns: T-100 and T-101. DME products are
taken overhead from the first distillery column (T-
100), the product is mixed with methane and
water towards the second distilling column(T-
101).

The second distillation column (T-202)
separates water from unused methanol. The
output of the second distillery column is divided
into methane products that are recycled back
through stream 11 and then pumped with P-101
to the front end of the process (Stream 13) and
back to the columns (V-100), as well as water
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Figure 1. Basic block diagram of DME synthesis Process (methanol dehydration) [13]
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(Stream 10) that is sent to wastewater treatment
(E-208) to eliminate trace amounts of organic
compounds [16].

2.2. Thermodynamics Consideration

Thermodynamic examination is used to
determine the nature and direction of reactions,
i.e. exothermic / endothermic and reversible /
irreversible [17]. In the process selected in this
simulation, one reactor is used, which is where the
methanol dehydration process occurs [18]. As for
the main reaction in the reactor (Equation (1)),
the value of AHf,ggr of each component and
AH? ,9gx at a temperature of 298K can be seen in
Table 1. Based on the data in Table 1, the AH; 595k
reaction is obtained as follow:

2CH30H(g) — (CH3)20 (g) + H20 (g)
AH 598 =2 AH)9,298K,product_ ) AH]9,298K,reactant
AHP 598= AHfo,z%K,(CHs)zo"' AHfO,ZQSK,HZO -

ZA1-119,2981(,C‘H30H
AHZ 051 = (—184.05 + (—241.83)) — (2 X (-201.17))
AH? 98k = —23.54 kJ/mol

Based on the calculations, we get the value
AR} 598x= -23.54 kd/mol with negative value that
the reaction is exothermic.

The value AGP,q5x of each component at a
temperature of 298K can be seen in Table 2. Based
on the data in Table 2, the AG;,9g¢ of main
reaction is obtained as follow:

AG? 08k = 2 AG)?,298K,product -2 AG]9,2981(,reactant
AG? 95k = ZAGfO,298K,(CH3)20 + AGfO,298K,H20 -

AGP 298k cH3oH
AGP 95k = (—112.93 + (—228.59)) — (2 X (-162.51))
AG? y98x= —16.5 kd/mol
The magnitude of the equilibrium constant (K) at
298 K can be calculated as:
In Ka9s = —AG; 95/ RT @)
In K293 = -(-16.5 kd/mol) / (8.314 kdJ/mol)(298 K)
In Ka9s = 0.006659
Kaos =1.00668

Table 1. Entalphy formation of components and
entalphy of reaction of the main reaction

Molecular AH?
Compounds Formula (k Jj;‘rzr? gi()
Methanol CHs0H -201.17
Dimethyl ether (CHs):20 -184.05
Water H=0 -241.83

At reactor temperature of 260 °C (533.15 K) the
magnitude of the equilibrium constant (K) can be
calculated as follow:

In Ks33.15/ K298 = AH; 595/ R % (1/T - 1/Tref) 3)
In K533.15/1.00668 = -(-23.54 kJ/mol)/(8.314 kd/mol)
x (1/533.15 - 1/298)

Ksss5.15 = 0.99579

Based on the calculations we have done, we get K
at 533.15 K = 0.99579 and the reaction occurs
reversibly.

2.3. Method to Improve Net Energy Efficiency of
Dimethyl Ether Production Process from
Methanol

A heat exchanger addition 1s used to
exchange heat between the reactor output stream
and the reactor inlet stream (CRV-100). The
temperature of the reactor output stream (CRV-
100) is 370.5 °C and its heat is transferred to the
reactor stream (CRV-100) through the heat
exchanger (E-102) for reaction preparation. After
exiting the heat exchanger housing (E-102), the
flow to the reactor (CRV-100) must reach
operating conditions. A heater (E-104) was added
to reduce the load on the distillation column (T-
101). There was no heating (E-104) in the pre-
creation process, so the heater (E-104) was added
before the distillation column (T-101). The mixer
position for the first recycle stream is moved after
the heater (E-100) and before the heater (E-100).
If the recycle stream arrives after the heater (E-
100), the recycle stream requires operating
conditions ready to enter the reactor. The
temperature is 260 °C and the pressure is 1.8 bar,
so the previously required heater (E-100).

Formula for calculating the net energy in the
production process of dimethyl ether from
methanol is as follows:

BD—-MD

where, NE is equal to net energy (kd/mol), BD is
equal total heat required of the basic design
(kJ/mol), and MD is equal to total heat required
of the modified design (kJ/mol).

Table 2. Gibbs' free energy formation of
components on the reactor

Molecular  AGP,9gx
Compounds Formula  (kjmo)
Methanol CHs:0OH -162,51
Dimethyl ether (CH3)20 -112,93
Water H20 -228,59
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3. Results and Discussion

3.1. Comparison of Basic and Modified Process
Flow Diagram

The simulation of the process of forming
dimethyl ether from the methanol dehydration
process using Aspen HYSYS is depicted in Figures
2 and 3 with respect to basic process and modified
process, respectively, while the mass and energy
balance is presented in Table S1 (Supporting
Information). Meanwhile, process flow diagram
(PFD) of the basic process and modified process
are presented in Figures 4 and 5, respectively.

3.2. Evaluation of Net Energy of Modified
Process

3.2.1. Heat exchanger additional effect

The addition heat exchanger serves to
exchange heat from the outflow of the reactor and
the flow that enters the reactors (CRV-100). The
outflow reactor (CRV-100) has a temperature of
370.5 °C transferred the heat into the flow toward
the reaktor (CRV-100) for the preparation of
reaction through the heat exchangers (E-102). It is

expected that after exiting the shell heat
Exchanger (E-102) the flow towards the reactory
(CRV-100) have reached the operating condition.
The effect of the addition of the heat exchanger
(E-102) can dry up the work and reduce the
energy required by the heater (E-100) by using
the heat from the outflow of the reactor. The other
effect is that the output flow of a reactor no longer
needs to use a cooler to lower the temperature
before entering the distillation column. (T-100).
Therefore, energy consumption can be minimized.

Based on Table 3 and Table 4, it can be seen
that the Qheat requirement on the heater (E-100)
can be reduced to 7.80E+06 kd/h. See also in
Table 4 which originally before the creation of the
process requires Qcool (E-101), after creation the
process can be eliminated.

3.2.2. Heater addition effect (E-104) before
Column (T-101)

Heaters (E-104) were added to reduce the
workload of the distillation column (T-101). In the
process before creation there was no heater (E-
104) so that the input into the column (T-101) was
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Figure 2. Aspen HYSYS simulation of basic process before process creation
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Figure 3. Aspen HYSYS simulation of modified process after process creation
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liquid. After adding the heater (E-104), the input
of the columns (T-101) was raised to 89 °C and was
in a steam-liquid equilibrium condition. This
affects the workload of the condensers and
reboilers on the columns. (T-101). Another effect of
this creation is the top 10 compounds of methanol
that will recycle to more than ever before.

Based on Table 3 and Table 4, it is seen that
Qcond2 and Qreb2 in columns (T-101) decreased
to 3.78 E+06 kd/h and 8.89E+03 kdJ/h which means
that the workload was reduced. It can also be seen
in Table S1 (Supporting Information) that the
methanol composition in the flow of Methanol-rec
increased to 8.03E-01 mole%.

3.2.3. Mixer position shift effect for recycled flow

The mixer position for the initial recycling
flow is after the heater (E-100) is moved before the

heaters (E-100). When the recycled flow comes in
after the heater (E-100), then the recycle flow
needs operating conditions that are ready to enter
the reactor, the temperature is 260 °C and the
pressure is 1.8 bar so that the previously needed
the heater (E-103) to raise the temperature.
Therefore, the recycled flow goes in before the
heater (E-100), in this flow the pressure condition
is already the same is 2 bar and the temperature
difference is not too far away so that it can be
merged directly. Further heating before entering
the reactor can take advantage of HE (E-102) and
heater (E-100).

Based on this, the heater (E-103) before the
creation of the process can be removed to reduce
the workload of energy required. Based on Table
3 and Table 4, it can be seen that no more heater
(E-103) is needed on the recycling stream before
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Figure 4. Process Flow Diagram (PFD) of basic process before process creation
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Figure 5. Process Flow Diagram (PFD) of modified process after process creation
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the process is created, even the heater (E-100) can
still reduce its working load to 7.80E+06 kj/h.

3.2.4. Evaluation of net energy of modified
process

The calculation table of the heating and
cooling media requirements in forming dimethyl
ether through the methanol dehydration process
before and after the process creation is presented
in Tables 3-6. Net energy was calculated based on
Equation 2 resulted in NE = 98.83 %.

Based on the calculations above, the modified
process is feasible to be applied in DME synthesis
plant. By modifying the addition of a heat

exchanger (E-100), heater (E-104), and changing
the position of the mixer in DME production, it
has been proven that it can reduce energy
requirements in the dimethyl ether synthesis
process from methanol and increase net energy
efficiency by up to 98.83%.

4. Conclusion

Based on this research, net energy efficiency
can be increased by adding a heat exchanger (E-
100), heater (E-104), and changing the position of
the mixer before DME production will result in an
increase in net energy efficiency of 98.83%. This
gives a rise to the theory that the hot fluid and

Table 3. Results of calculation of heating and cooling media requirements prior to process creation

Energy streams of basic process

Unit Qpumpl Qheat Qcond Qreb Qcond2 Qreb2 Qpump?2
Heat Flow kd/h 1.47E+03 1..35E+07 6.25E+06 1.58E+06 5.93E+06 5.89E+06 2.20E+02
Unit  Qheat3 Qcool Qcool2

Heat Flow kd/h 2.03E+06 9.21E+06 4.86E+05

Table 4. Results of calculation of heating and cooling media requirements after process creation

Energy streams of modified process

Unit Qpumpl Qheat Qcond Qreb Qcond2 Qreb2 QHeat2

Heat Flow kd/h 1.47E+03 7.80E+06 6.18E+06 7.51E+04 3.78E+06 8.89E+03 3.74E+06

Unit Qpump2 Qcool3

Heat Flow kd/h 2.20E+02 4.48E+05

Table 5. Energy analysis before process modification creation

Variables Actual Targeted Aval.lable % of Actual
Savings
Total Utilities (kJ/h) 4.484E+07 2.896E+07 1.588E7 35.42
Heating Utilities (kJ/h) 2.297 E+07 1.503 E+07 7.94E6 34.57
Cooling Utilities (kdJ/h) 2.187 E+07 1.393 E+07 7.94E6 36.31
Carbon Emissions (kg/h) 2.195 E+04 1.418 E+04 7773.00 35.41

Table 6. Energy analysis after process modification creation

Variables Actual Targeted Aval.lable % of Actual
Savings

Total Utilities (kd/h) 5.24E+05 5.014E+05 2.56E4 4.87

Heating Utilities (kdJ/h) 2.278E+05 2.6E+05 1.28E4 4.70

Cooling Utilities (kdJ/h) 2.524E+05 2.414E+05 1.28E4 5.04

Carbon Emissions (kg/h) 29.46 28.02 1.44 4.89
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cold fluid at the input and output of the reactor
can be used in the heat exchanger so that no
additional cooler is needed, adding heater before
distillation column can caused to reduce the
workload of the distillation column, and changing
the position of the mixer can reduce the use of
additional coolers in the DME synthesis process
from methanol.
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