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Abstract:In this work, energy-economic and pollution analysis studies were conducted for methyl
acetate production process. Methyl acetate production process was designed using ASPEN PLUS V8.8
simulating tool. Energy analysis using ASPEN ENERGY ANALYZER suggested 33.5 % of energy
saving potential of the designed process. Retrofit studies for the base case HEN (Heat Exchanger
Network) saved 16.9% of the total energy for the addition of one new heat exchanger. Payback period
reported as 0.8515 years. Economic analysis using ASPEN ECONOMIC ANALYZER suggested that
there is a possibility of reducing 38% of utility cost. Environmental analysis using WAR (Waste
Reduction Algorithm) reported decrease in pollution levels by modifying the existing process.
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1. Introduction

Industrial effluents represents a significant environmental and economic problem®. Pollution is the
result of unconverted raw materials, untreated wastes®3and industrial accidents®. Various pollution control
measures are suggested for controlling industrial pollutants in open literature®®™* ** 5L Various examples for
controlling pollution reported in literature are: pharmaceutical industries uses reverse distributors for the
collection of unwanted pharmaceuticals from Pharmacies and Health Care Centers*?!3, Conversion of waste to
reusable products' treating industrial waste water by Coagulation-Flocculation Treatment methods™, Electro-
chemical oxidation in rotating cathodes in electro-chemical reactors'®, toxic chemicals removal by adsorption
techniques'"*®*°, by using selective membranes®, Phytoremediation in controlling the pollution of soil, water,
or air®,Defluoridation techniques for fluorine removal®represents some of the pollution treatment techniques.
Now a days Green chemistry is the one of the chemical synthesis technique in minimizing pollution®.
Pollution can be minimized by following correct process design techniques®*?>“® and by providing plant wide
control studies?’ =33,

Environmental impacts can be reduced by designing sustainable processes®***?’. Sustainability can be
defined as meeting the needs of this generation without compromising the needs of future generations®*. Source
reduction, recycle and reuse are the waste minimization techniques generally using in the process industries.
Source reduction deals with the reduction of waste at the source itself, rather than the “end of the pipe”
treatment®. Source reduction measures can include, process modifications*®, process integration®” **,

Designing energy efficient systems by pinch technology is one of the process integration technique®
. Optimization of production processes using process simulators like ASPEN PLUS and MATLAB is one
of the techniques used to minimize energy losses*’. Several metrics or indicators are used to measure the
process sustainability. Metrics or Indicators have been used as quantitative measures of sustainability issues
such as resource usage, profit and environmental impact. Several metrics and or indicators have been proposed
by the American Institute of Chemical Engineers®, Institution of Chemical Engineers (IChemE) and the
Environmental Protection Agency (EPA)*** implemented an indicator based analysis using material and
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energy balances. The developed indicator is able to identify design targets through a sensitivity analysis
procedure®®. Several automated tools such as the SUSTAINABILITY EVALUATOR?', Gensym®, Sustain-
Pro* and the Waste Reduction Algorithm (WAR)*® have been developed to identify and evaluate sustainability
concerns in chemical process design. These tools save time in accessing the sustainability concerns of a process
since these metrics have been incorporated into computer based platforms.

In this work, ASPEN PLUS V8.8 chemical process simulating tool is used to design methyl-acetate
production process and its environmental impacts were assessed with WAR algorithm. The WAR uses an index
based system to characterize potential pollution reductions for a chemical process using report files from a
process simulator such as ASPEN PLUS or CHEMCAD™. In this paper process modifications suggested for
minimum wastes and maximum profit. The procedure employed in this research includes designing and process
simulation using ASPEN PLUS V8.8chemical process simulating tool and potential environmental impacts
were calculated using WAR algorithm and process modifications were suggested to minimize the pollution or
by reducing the waste.

2. Methodology

Process was designed for the production of Methylacetate and it was shown in figure 1. Energy and
economic analysis were conducted using ASPEN ENERGY ANALYZER and ASPEN ECONOMIC
ANALYZER. Environmental impacts of pollutatnts were assessed using WAR algorithm. After that recycle
stream was inserted to the base case process and the modified process is shown in figure 2. Again economic,
energy and environmental assessments conducted for the modified process. Environmental impact assessment
is carried out by WAR algorithm. The WAR algorithm evaluates processes in terms of potential environmental
impacts. The Potential Environmental Impact or PEI of a chemical is defined as the effect that a chemical would
have on the environment if it were simply emitted into the environment. WAR algorithm assesses the
environmental friendliness of the manufacturing portion of the product life cycle. WAR characterizes the PEI of
the streams entering and leaving the process boundaries. WAR includes PEI from eight categories. They are:
Human Toxicity Potential by Ingestion(HTPI), Human Toxicity Potential by Exposure(HTPE), Aquatic
Toxicity Potential(ATP), Terrestrial Toxicity Potential(TTP), Global Warming Potential GWP), Ozone
Depletion Potential(ODP), Smog Formation Potential( PCOP), Acidification Potential(AP). To facilitate the use
of the WAR algorithm, EPA scientists developed WAR GUI, the Waste Reduction Algorithm Graphical User
Interface. WAR GUI is a freely available program that allows users to enter the necessary data for the WAR
algorithm: The flow rate and composition of each stream entering and leaving the chemical process.

2.1 Base case Process

The proposed design for the production of methyl acetate consists of heat exchangers, compressors,
plug flow reactor, flash column and distillation columns.

Reaction kinetics:
CO +CH;3;0CH;3; — CH3COOCHs; ko = 8.2x10°; E= 1046 cal/mol

Feed to vaporizer (B1) isat 273K, 32 atm with a flow rate of 250 kmol/hr. Feed composition is 0.999
mole fraction of dimethyl ether and 0.001 mole fraction of methyl alcohol. Feed is heated to 372 K.Feed to the
compressor (B2) contains 262 kmol/hr carbon monoxide and 5.24 kmol/hr hydrogen. Feed conditions are 273K
and 5 atm. This feed is compressed to 32 atm. Compressor type is isentropic. Feed from the compressor and
the vaporizers are mixed and send to the plug flow reactor (B4) for the reaction.
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Figure 1. Base case process flow sheet for case one

Reactor type is adiabatic and the configuration of the reactor is length 10m, diameter 0.5 m and number
of tubes are 1000. Catalyst loading is 48800 kg, Bed voidage 0.4.Reactor outlet stream is send to Heater (B5).
Heater is used to increase the temperature of the reactor effluent to 580K. Heated reactor outlet is passed to the
Flash column (C1). Column conditions are Temperature 320K and pressure 30 atm. Here unreacted reactants
are separated. Bottoms of the flash column are send to the Distillation column (C2). Column C2 is Distil,
column configurations are condenser is partial, number stages are 17, feed stage location is 2, distillate to feed
mole ratio 0.8, reflux ratio 1.32, condenser pressure 5 atm and reboiler pressure 5.16 atm. Here DME and
Methyl acetate are separated. Bottoms from the column C2 rich of Methyl acetate is send to the Distillation
column (C3). Column C3 type is Distil, column configurations are condenser is total, number stages are 17,
feed stage location is 5, distillate to feed mole ratio 0.6, reflux ratio 1.32, condenser pressure 5 atm and reboiler
pressure 5.16 atm. Here DME and Methyl acetate are separated.
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Figure 2. Process flow diagram for case 2 with recycle loop

2.2 Modified Process

Unreacted reactants from the distillation column 1 tops are recycled back as feed to the reactor. One
more compressor (B12) is used to regain the rector pressure and a mixer is used (B10) to link the reactant feed
from compressor one (B2), feed from the vaporizer and the recycle stream (S16).
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3. Results and Discussion
3.1 ASPEN PLUS Simulation Results

The simulation results for the two processes are shown in table 1 and in table2 respectively. By
comparing the two, in the base case process the waste steam S10 contains large amounts of unreacted dimethyl
ether and small amounts of carbon monoxide. It is logical to recover the Dimethyl ether and carbon monoxide
as the waste reduction strategy. So the process flow diagram was modified by inserting the recycle stream from
stream S10 to the feed stream S5. By doing this step 50% of the dimethyl ether is recovered. From the
simulating results it was identified that the recycle increased the amount of product by 299% while
simultaneously reducing the amount of waste dimethyl ether.

Table 1. Flow summary (kmol/hr) Input and Output for Base case process

Stream Name S1 S3 S10 S19 S20 S22
Carbon Monoxide | 0 262 4,049 0 0 190.3
(CO)

Dimethyl  Ether | 249.75 0 125.0 8.24E-13 0 57.13
(DME)

Methyl  Acetate | 0 0 26.62 23.3 155 1.974
(MEACH)

Hydrogen (Hy) 0 5.24 0.008 0 0 5.231
Methanol 0.25 0 0.236 9.02E-07 3.2E-11 0.013
(MEOH)

Total Flow | 250 267.24 155.9 23.3 15.5 254.7
kmol/hr

Table 2. Flow summary (kmol/hr) Input and Output for Modified process

Stream Name S1 S3 S19 S20 S22
Carbon Monoxide (CO) 0 262 0 0 198.1248
Dimethyl Ether (DME) 249.75 |0 92.24416 1.27422E-08 93.64169
Methyl Acetate (MEACH) 0 0 1.000191 62.3182 0.5573657
Hydrogen (Hy) 0 5.24 0 0 5.239992
Methanol (MEOH) 0.25 0 0.240661 0.00515248 0.0041866
Total Flow kmol/hr 250 267.24 | 93.48501 62.32334 297.568

By the examination of table 1 and table 2, it will indicate that waste was generally reduced at the same
time environmental impact was probably also reduced. But the above information considered is not sufficient
to allow a quantitative comparison of the overall waste and environmental impact reduction associated with
each of these two cases. For this comparison impact indexes are to be calculated.

3.2 Energy and economic Analysis

Energy analysis was performed for the base process using ASPEN ENERGY ANALYZER. From
energy analysis there is a provision for saving 32.96% of the actual energy was identified. As a part of that first
the process was modified by inserting a recycle stream and is shown in figure 2. By inserting recycle stream
16% of the energy get saved. To check the further energy savings Heat Exchanger Network for the modified
process was designed and it is shown in figure 3. Designed HEN is subjected to retrofit studies. In retrofit
studies one new heat exchanger is added to the existing HEN. Heat exchanger is added between condenser
@B14 to stream S19. The retrofit HEN diagram is shown in figure 4.
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Figure.3 Base Case HEN

Figure 4. Retrofit HEN

Table 3. Economic Comparisons

Base Case | Modified
Cost Process Process
Total Capital Cost [USD] 8672520 8493650
Total Operating Cost [USD/Year] | 3439130 2815810
Total Utilities Cost [USD/Year] 1567110 1015110
Equipment Cost [USD] 2514800 2245400
Total Installed Cost [USD] 3336500 3110800

From table 3 it is evident that the modified process operating cost and utility costs are low.
3.3Potential environmental Impact index (PEI) calculations

Potential environmental indexes (PEI) are calculated using WAR algorithm. PEls are shown in figure 5
for the base case process and for the modified process. Table 4 gives the individual PEI values of each category
of impacts.
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Table 4. Total output rate of PEI (PEI/hr)

Case HTPI HTPE TTP ATP | GWP | ODP PCOP AP TOTAL

Case 7.16E+02 | 2.54E+01 | 7.16E+02 | 5.6 2.04 3.08E-9 | 2.27E+03 | 9.06E-3 | 3.73E+03
One

Case 6.85E+02 2.58E+01 6.85E+02 5.39 2.15 6.52E-7 | 2.31E+03 1.92 3.71E+03
Two

Output Rate of PEI

2.50E+03

2.00E+03

1.50E+03

1.00E+03 Base Case

Impact PEl/hr

5.00E+02 Modified Process

0.00E+00

HTPI HTPE TTP ATP GWP ODP PCOP AP
Impact Categories

Figure 5. Impact index graphs for two cases

Figure 5 shows the impact generation index for the two design cases. It is evident that impact indexes
for case one are more compared to case two. This indicates that the decrease of these indexes reflects the
increase in the productivity of the plant, i.e increase in product flow rate. These decreases in the indexes are
sufficiently large that they represent very significant reductions in pollution.

4. Conclusions

Energy, economic and environmental impact assessment for Methyl acetate production process, using
ASPEN PLUS family tools and WAR algorithm was developed. The methodology used for the production of
methyl acetate process can be used for any other production process. The process plants designed using these
methodologies areeconomically feasible and environmentally friendly. Results from the WAR algorithm
showed that modified process is more ecofriendly to the atmosphere by reducing the cost and pollution.
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