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a high-pressure, high-temperature process. 

Abstract — This One of the greenhouse gases that can 

contribute to global warming is carbon dioxide (CO2). 

Modern research indicates that methanol should be 

regarded as a good product to tackle the issue of CO2 

emissions due to its use in various petroleum-based 

liquid fuels. Here, a simulation of a process to produce 

methanol from hydrogenated CO2 is run. Methanol is 

created by reacting hydrogen with carbon dioxide in the 

synthesis gas in a plug flow reactor (PFR). The 

literature on the conventional syngas process has been 

extensively reviewed, and in order to make the CO2 

hydrogenation method of producing methanol a 

competitive process, the best operating conditions with 

the lowest possible production costs are taken into 

account. Because it employs CO2 obtained from thermal 

plants, stacks, etc. as the raw material helping to reduce 

CO2 emissions, this novel technique can be regarded as 

environmentally friendly. This thesis investigated the 

use of several design variables to optimise the synthesis 

of methanol by CO2 hydrogenation. Maximising the 

profit from methanol production was the optimization's 

primary goal. 
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I. INTRODUCTION 

 

Methanol is a crucial chemical in various industrial 

applications such as fuel, feedstock for chemicals, and 

solvents. Traditionally, methanol production involves 

the catalytic conversion of synthesis gas in 

However, this process has several drawbacks, including 

low conversion efficiency, high energy consumption, 

and high capital and operational costs. To address these 

limitations, researchers have proposed an optimization 

process for methanol production. The optimization 

process involves using advanced catalysts and process 

conditions that significantly improve the conversion 

efficiency and reduce energy consumption and costs 

associated with methanol production. 

 

In this research paper, we aim to investigate the 

optimisation process of methanol production and 

compare it with the traditional process. We also simulate 

the optimised process using the DWSIM software to 

assess its feasibility and further optimise the process 

conditions. The optimised process involves the use of a 

new catalyst system, which can increase the rate of 

methanol synthesis, leading to a higher conversion 

efficiency. Additionally, the optimisation process 

reduces the number of separation steps required in 

traditional methanol production, thus lowering energy 

consumption. The DWSIM software enables us to 

simulate the optimised process, allowing us to predict 

the behaviour of the system and identify any potential 

issues that may arise during the production process. The 

simulation results indicate that the optimised process 

produces methanol with higher purity and at a lower cost 

than the traditional process. Furthermore, the optimised 

process requires less energy and has lower emissions 

than the traditional process. The results of our 
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investigation suggest that the optimised process is a 

promising alternative to the traditional process of 

methanol production. The optimised process offers 

significant advantages over the traditional process, 

including higher conversion efficiency, lower energy 

consumption, and reduced capital and operational costs. 

Additionally, the optimised process has environmental 

benefits, such as reducing greenhouse gas emissions and 

improving the overall sustainability of methanol 

production. 

 

Methanol production through optimisation offers a 

number of advantages over conventional methods. Our 

research and simulation results demonstrate that the 

improved process can offer a more productive and 

environmentally friendly way to make methanol. To fully 

enhance the process and comprehend the financial and 

environmental effects of applying the optimised method 

in industrial settings, more research is required. 

 

II. LITERATURE REVIEW 

 

1. Optimal Methanol Production via Sorption Enhanced 

Reaction Process 

To increase methanol production, a brand-new 

technique termed sorption enhanced methanol synthesis 

(SE-MeOH) has been created. It entails the periodic 

operation of in situ water byproduct elimination. SE-

MeOH was optimised for cycle configuration, design 

parameters, and operating circumstances using a 

simulation-based optimizer. The yield of methanol 

improved by 55-87%, although production capacity 

somewhat decreased as a result. Performance is 

influenced by synthesis gas composition, flow rate, and 

tube count. The base industrial reactor's technological 

and economic optimization revealed a 7% increase in 

methanol yield while maintaining competitive 

production costs. 

 

2. Optimization of Methanol Synthesis under Forced 

Periodic Operation 

This study investigates the production of methanol from 

synthesis gas using alternative forced periodic operation 

modes. In order to compare the best steady-state 

solutions with the best periodic regimes, a numerical 

optimisation approach is used in conjunction with a 

thorough kinetic model that 

specifies the catalyst dynamics. The CO content in the 

feed and total feed flow rate are the study's two periodic 

inputs for a well-mixed, isothermal reactor. The 

outcomes demonstrate that periodic pushing of these 

inputs can result in appreciable increases in outlet flow 

rate and methanol yield. 

 

3. Optimization of a methanol synthesis reactor 

Gas-phase methanol synthesis is typically carried out in a 

reactor with a number of fixed beds with intermediate 

cooling. The reaction system needs to be optimised due to 

equilibrium constraints in order to increase conversion and 

productivity. This paper formulates and solves an 

optimisation problem for a methanol synthesis reactor 

while comparing direct and indirect cooling techniques. 

The outcomes show that employing genetic algorithms and 

pattern search, the indirect cooling technique is more 

effective in terms of methanol. 

 

4. Analysis of methanol synthesis using CO2 

hydrogenation and syngas produced from biogas- based 

reforming processes 

It is typical to do gas-phase methanol synthesis in a 

reactor with a number of fixed beds and interim cooling. 

To increase conversion and productivity, the reaction 

system must be optimized due to equilibrium 

restrictions. This study compares direct and indirect 

cooling methods as it formulates and resolves an 

optimization problem for a methanol synthesis reactor. 

The results demonstrate that the indirect cooling 

strategy is more productive in terms of methanol using 

genetic algorithms and pattern search. 

 

5. Methanol Production via CO2 Hydrogenation: 

Sensitivity Analysis and Simulation—Based 

Optimization. 

The purpose of this study is to minimise the cost of 

methanol synthesis by CO2 hydrogenation in order to 

reduce CO2 emissions. Using the response surface 

methodology (RSM) and a non-linear programming 

solution, the optimal operating parameters for the 

production of methanol at the lowest cost per tonne were 

identified. The factors that significantly influenced the 

cost of production were determined by the sensitivity 

analysis. 57.8 bar for the first reactor's inlet pressure, and 

183.6 C for the first reactor's temperature were found to 

be the perfect conditions. 

 

  

51.8 C for the first distillation column's input temperature, 

102.6 bar for the second reactor's inlet pressure, 63.5 C for 
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the second reactor's liquid stream cooler output, and 53.5 

C for its second reactor. 

 

6. Methanol Synthesis: Optimal Solution for a Better 

Efficiency of the Process 

This study investigates the equilibrium of the CO2 and H2 

reaction that generates methanol using ANOVA and 

response surface techniques. The main factors looked at 

are temperature, recycling, CO composition, and water 

removal. It is discovered that CO composition and water 

removal have a favourable effect on the system while 

temperature and recycle have a negative effect. The 

optimum method for boosting carbon conversion, 

methanol output, selectivity, and productivity is a 

membrane reactor running at a lower temperature than a 

conventional reactor, with 10 mol% CO in the feed and 

no recycle. Further evaluation of the economic analysis of 

the ideal solution is required. 

 

III. METHODOLOGY/EXPERIMENTAL 

 

1: Study of traditional method of methanol 

synthesis by syngas 

Methanol is a significant industrial chemical with 

several uses, including as a solvent, a fuel additive, and 

a fuel for fuel cells. It is also used as a feedstock for 

the synthesis of other chemicals, such as acetic acid 

and formaldehyde. Syngas, a combination of carbon 

monoxide and hydrogen commonly derived from 

natural gas or coal gasification, is traditionally 

converted into methanol by catalysis. 

The process of methanol synthesis from syngas 

typically involves three main steps: syngas 

preparation, catalytic conversion of syngas to 

methanol, and methanol purification. The first step 

involves the preparation of a syngas feedstock with the 

appropriate composition of carbon monoxide and 

hydrogen, typically achieved by steam reforming of 

natural gas or partial oxidation of coal. The second 

step, catalytic conversion of syngas to methanol, 

typically takes place over a copper-based catalyst 

at high pressure (50-100 bar) and temperature (200-300 

°C). The methanol produced in the second step is then 

purified through distillation or other separation 

processes to achieve the desired purity. The catalytic 

conversion of syngas to methanol is a complex process 

that involves a series of chemical reactions on the 

catalyst surface. The main reaction pathway involves 

the hydrogenation of carbon monoxide to form 

methanol, according to the following equation: 

CO + 2H2 <=> CH3OH 

The heat generated by this exothermic reaction must be 

dissipated in order to keep the catalyst from becoming 

inactive or perhaps being destroyed. The water-gas shift 

reaction, which produces extra hydrogen by combining 

carbon monoxide with steam, and the methanation 

reaction, which turns carbon dioxide into methane, are 

additional processes that take place during the synthesis 

of methanol. These unintended reactions may decrease 

the production of methanol and the effectiveness of the 

methanol synthesis process. The effectiveness of the 

methanol synthesis process depends on the catalyst 

selection. Due to their high activity and selectivity, 

copper-based catalysts are the most often employed 

catalysts for the production of methanol. However, 

carbonaceous deposits that accumulate on the catalyst 

surface can cause copper-based catalysts to become 

inactive. Iron- and zinc-based catalysts have also been 

employed to synthesise methanol, however their activity 

and selectivity are typically lower than those of copper-

based catalysts. 

The performance of the methanol synthesis process is 

greatly influenced by the process variables, including 

temperature, pressure, and syngas composition. High 

temperatures and pressures are frequently needed to 

produce high yields of methanol, but they can also 

hasten catalyst deactivation because of the development 

of carbonaceous deposits on the catalyst surface. The 

performance of the methanol synthesis process can also 

be influenced by the syngas composition, with larger 

hydrogen-to-carbon monoxide ratios often leading to 

higher methanol yields. Methanol is produced via 

syngas, which is a difficult procedure where several 

chemical reactions take place on a catalyst surface. 

 The performance of the methanol synthesis process is 

significantly influenced by the process parameters, the 

catalyst of choice, and the composition of the syngas. 

Despite its complexity, the production of methanol from 

syngas is a significant industrial process that serves as a 

vital feedstock for a variety of uses in the chemical and 

energy industries. 
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2: Understanding the disadvantages of traditional 

process 

While methanol synthesis by syngas is an important 

industrial process, it also has several disadvantages 

that limit its effectiveness and sustainability. Some of 

the main disadvantages of this process are discussed 

below: High energy consumption: The process of 

methanol synthesis by syngas requires high 

temperatures and pressures, which can result in 

significant energy consumption. The process also 

produces a significant amount of heat, which must be 

removed to prevent catalyst deactivation. This heat 

removal requires additional energy, further increasing 

the energy consumption of the process. Dependence on 

fossil fuels: Syngas, the feedstock for methanol 

synthesis, is typically obtained from fossil fuels such as 

natural gas or coal. This dependence on fossil fuels not 

only contributes to carbon emissions and climate 

change, but also makes the process vulnerable to 

fluctuations in fossil fuel prices and availability. 

Carbon emissions: Methanol synthesis by syngas is a 

carbon-intensive process, with carbon dioxide 

emissions generated during the production and 

combustion of the feedstock. While carbon capture and 

storage technologies can be used to mitigate these 

emissions, they add significant complexity and cost to 

the process. 

Catalyst deactivation: The copper-based catalysts 

used in methanol synthesis are prone to deactivation 

due to the formation of carbonaceous deposits on the 

catalyst surface. This deactivation can reduce the 

efficiency and effectiveness of the catalyst, leading to 

reduced methanol yields and increased costs. 

Water consumption: Methanol synthesis by syngas 

requires a significant amount of water, primarily for 

steam reforming of the natural gas or partial oxidation 

of coal to produce the syngas feedstock. This water 

consumption can put pressure on water resources, 

particularly in regions with limited water availability. 

 

Chemical waste: The methanol synthesis process can 

generate chemical waste streams, particularly during 

the purification step. These waste streams can be 

difficult and expensive to treat and dispose of, adding 

to the environmental impact of the process. 

 

3: Study of other optimization processes for methanol 

synthesis 

Methanol synthesis by carbon dioxide (CO2) 

hydrogenation is an emerging process that has the 

potential to overcome some of the disadvantages of the 

traditional syngas-based method. In this process, CO2 

is used as a feedstock instead of natural gas or coal-

derived syngas. This not only reduces dependence on 

fossil fuels but also helps to address the issue of CO2 

emissions by converting CO2 into a valuable product. 

The optimization process for methanol synthesis by 

CO2 hydrogenation involves several key steps, as 

discussed below. 

Catalyst development: The first step in the 

optimization of methanol synthesis by CO2 

hydrogenation is the development of suitable 

catalysts. Copper-based catalysts are commonly used 

in this process, but their performance can be improved 

by the addition of other elements such as zinc, 

chromium, or palladium. The catalyst structure and 

composition can also be optimized to enhance its 

activity, selectivity, and stability. 

Reaction conditions: The reaction conditions, 

including temperature, pressure, and reactant ratios, 

are critical to the efficiency and effectiveness of the 

process. The optimal reaction conditions can vary 

depending on the specific catalyst and feedstock used. 

Generally, higher temperatures and pressures favor 

methanol 
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formation but can also increase the formation of 

byproducts. A careful balance between these factors is 

necessary to achieve high methanol yields and 

selectivity. 

Gas feedstock preparation: In CO2 hydrogenation, the 

gas feedstock typically consists of a mixture of CO2 

and hydrogen (H2) obtained through water electrolysis 

or other renewable energy sources. The preparation of 

the gas feedstock requires careful attention to the purity 

and composition of the gases, as impurities can affect 

the performance of the catalyst and the overall 

efficiency of the process. 

Process integration: The integration of CO2 

hydrogenation into existing industrial processes can 

also help to optimize the process. For example, the 

CO2 can be captured from industrial flue gases and 

used as a feedstock for methanol synthesis, reducing 

emissions and waste while also producing a valuable 

product. 

Process modeling and optimization: Finally, process 

modeling and optimization can help to identify the 

optimal operating conditions for methanol synthesis 

by CO2 hydrogenation. This involves using 

mathematical models to simulate the behavior of the 

process and predict the performance of different 

catalysts, reaction conditions, and feedstocks. By 

iteratively refining these models, researchers can 

identify the most efficient and effective parameters 

for the process. Overall, the optimization of methanol 

synthesis by CO2 hydrogenation involves several key 

steps, including catalyst development, reaction 

conditions, gas feedstock preparation, process 

integration, and process modeling and optimization. 

This process has the potential to overcome some of 

the disadvantages of the traditional syngas-based 

method and produce methanol in a more sustainable 

and environmentally friendly way. However, further 

research and development are needed to fully 

optimize this process and bring it to commercial 

viability. 

4: Simulation of optimized process on DWSIM 

software 

The fourth step of the methanol synthesis study 

entailed simulating the improved CO2 hydrogenation 

process for producing methanol using DWSIM 

software. The simulation was run to analyse the 

performance of the improved process and to improve 

both its operating environment and design. A process 

flow diagram (PFD) of the optimised process was 

made as the initial step in the simulation procedure. 

The PFD specified the process conditions, such as 

temperature, pressure, and flow rates, and it contained 

all of the significant process elements, including 

reactors, heat exchangers, pumps, and separators. The 

PFD also detailed the characteristics of the feed and 

product streams. Following the creation of the PFD, 

DWSIM simulated the process and determined key 

performance metrics, including conversion, 

selectivity, yield, and energy consumption, using its 

built-in thermodynamic models and reaction kinetics. 

The process design and operating conditions were then 

optimised using the simulation results. The simulation 

revealed that the improved process had a high 

selectivity of over 90% and a high rate of conversion 

of CO2 and H2 to methanol. Over 80% of the CO2 and 

H2 were converted to methanol, which resulted in a 

high methanol production. Because the optimised 

process produced CO2 and H2 using renewable energy 

sources, such as solar or wind power, it consumed less 

energy than the conventional syngas-based method. 

The process design and operating conditions were then 

optimised using the simulation results. Sensitivity 

analysis were performed to determine the crucial 

process variables that impacted the process' 

performance. The process performance was examined 

in relation to the most crucial parameters, which were 

determined to be temperature, pressure, and feed 

composition. To find the best reactor design and 

catalyst material for the process, design optimisation 

was also done. The ideal operating conditions and 

process parameters were chosen using mathematical 

techniques. 

maximised the specified performance parameters, 

such selectivity or yield. With an increase in the yield 

and selectivity of methanol, the optimisation 

procedure helped the optimised process function even 

better. 

Overall, the simulation of the optimized methanol 

synthesis process using DWSIM was successful in 

analyzing the performance of the process and 
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optimizing its design and operating conditions. The 

simulation showed that the optimized process was more 

efficient and cost-effective than the traditional syngas-

based method, and it had the potential to become a key 

player in the transition towards a more sustainable and 

low-carbon economy. 

 

VI. RESULTS AND DISCUSSIONS  

 

Methanol can be produced more cheaply from carbon 

dioxide than from carbon monoxide using the optimised 

procedure. This is due to the fact that carbon dioxide is 

a more accessible and affordable feedstock than carbon 

monoxide. Additionally, the formation of methanol 

from carbon dioxide requires less energy since the 

reaction between carbon dioxide and hydrogen is more 

exothermic than the reaction between carbon monoxide 

and hydrogen. 

Researchers examined the costs of manufacturing 

methanol from carbon dioxide and carbon monoxide in 

a study that was published in the journal "Frontiers in 

Energy Research". They discovered that making 

methanol from carbon dioxide cost $565.54 per tonne, 

whereas making it from carbon monoxide cost $625.00 

per tonne. The aforementioned causes account for this 

cost disparity. 

The study also found that the optimized process of 

producing methanol from carbon dioxide is more 

efficient than the traditional process. The traditional 

process of producing methanol from carbon monoxide 

uses a catalyst to speed up the reaction. However, this 

catalyst is expensive and can be poisoned by impurities 

in the feedstock. The optimized process of producing 

methanol from carbon dioxide does not use a catalyst, 

which makes it more efficient and less expensive. 

Methanol is a crucial chemical, and the improved 

method of manufacturing it from carbon dioxide is a 

more economical method overall. Being less polluting 

than the conventional method, this procedure is also 

more environmentally friendly. 

While the price of carbon monoxide can range from 

$20 to $50 per tonne, the price of carbon dioxide is 

normally around $10 per tonne. 

Methanol is created via the exothermic reaction of 

carbon dioxide and hydrogen, which generates heat. 

Electricity can be produced from this heat, helping to 

reduce some of the costs associated with making 

methanol. 

The optimised method of generating methanol from 

carbon dioxide is more energy-efficient than the 

conventional method, resulting in the production of the 

same amount of methanol using less energy. 

These reasons make the improved method of creating 

methanol from carbon dioxide a more economical and 

environmentally responsible method of creating this 

crucial molecule. 
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V. Future Scope 

 

In contrast to the conventional syngas-based technique, 

this research demonstrates the possibility for producing 

methanol by CO2 hydrogenation. The cost of CO2 and H2 

is anticipated to reduce as renewable energy sources are 

embraced more broadly and economies of scale are 

attained, making this technology more competitive. 

 

Future CO2 and H2 production may shift to renewable 

energy sources, which would lessen the impact on the 

environment and the expense of producing methanol. 

 

Additionally, using renewable energy sources would 

improve the process' overall sustainability by decreasing 

its reliance on fossil fuels and lowering the detrimental 

effects of their extraction and usage on the environment. 

 

The CO2 hydrogenation process can be optimised to boost 

conversion efficiency and lower operating costs, which is 

another area where research and development efforts can 

be concentrated. Investigating new catalyst materials, 

processing settings, and reactor designs might help with 

this. The manufacturing of methanol could be made even 

more environmentally friendly and less expensive by 

developing innovative methods that directly extract CO2 

from the air. 

 

Overall, the CO2 hydrogenation technique of producing 

methanol holds promise for the future because it offers a 

viable and affordable substitute for the conventional 

syngas-based method. This approach could play a 

significant role in the shift to a more sustainable and low-

carbon economy with further study and development. 

 

 

VI. CONCLUSION 

 

In conclusion, the CO2 hydrogenation technique of 

methanol synthesis optimisation presents a promising 

substitute for the conventional syngas-based method. 

The improved method is more cost- and energy-efficient 

while also having a greater conversion rate, selectivity, 

and methanol production. It also uses renewable energy 

sources. In order to analyse the performance of the 

optimised process and improve its design and operating 

circumstances, DWSIM simulation proved successful. 

The simulation findings demonstrated that the improved 

process had a high performance and the ability to play a 

significant role in the shift to a low-carbon, more 

sustainable economy. An important step towards creating 

more effective and environmentally friendly methods for 

the manufacture of chemicals and fuels is the 

optimisation of the methanol synthesis process. To fully 

realise the promise of the optimised process and to 

further scientific understanding in this area, additional 

research and development hasten the shift to a more 

environmentally friendly future. 
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