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Abstract 

CO2 emission due to combustion of fossil fuel which is 

adding to global warming badly needs comprehensive 

steps for its mitigation. CCS and CCU may be possible 

methods for mitigation of emission. Energy aspects of 

both the methods have been examined here based on 

simple analysis along with the effect of changes in CO2 

mass in CCU. It has been observed that both the 

processes involve additional expenditure of energy. This 

reduces the overall efficiency of plants with CCS.  Under 

CCU it requires net addition of input energy from outside 

to produce fuel by CO2 conversion. It also involves 

complicated effect of CO2 mass changes (increase) on 

combustion of converted fuel in many cases. CO2 

conversion to fuel by eqn (2) only is a carbon neutral 

process as a closed system, but it also cannot help in 

mitigation of further CO2 from outside. Solar fuel from 

CO2 using solar energy though exciting, shows very low 

efficiency still compared to pv conversion, and does not 

appear worth for CO2 mitigation as explained above. If 

converted fuel is kept in store without use CO2 

mitigation is possible, but it requires a large amount of 

energy to be fed for conversion, and is not practical.     
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1. Introduction 

 

Global warming has become a serious threat to 

climate and to humanity due to increasing CO2 

level in the environment caused by combustion of 

fossil fuels in power/ process plants. Concentration 

of CO2 in the atmosphere has increased from a 

level  of  280  ppm   in 1860 to  more  than   400 

ppm  (World Energy Outlook, 2012; Wang M. et 

al., 2011; Zhaoa et al., 2012 )  now.  Major share of 

present energy comes from fossil fuels, which is 

envisaged to continue as the predominant source of 

energy in this century also. IEA publication, 

Energy Technology perspectives (IEA, ETP 2010) 

predicts that CO2 emission in 2050 will be twice 

that of 2007 in the absence of new energy policy. 

Fossil fuel based activities are now injecting into 

the environment about 35 giga tones of CO2 

annually. If the process continues in this manner 

unabated, it would lead to alarming catastrophic 

situation. International Energy Agency (IEA) at its 

various forums and in reports (IEA Energy and  

 

 

 

 

Climate Change, 2015) is stressing on reducing or 

containing CO2 emission to limit temperature 

change below 2 C. Thus there is an increasing 

emphasis to curb CO2 emission through efficient 

CO2 capture and storage or utilization systems. 

Advanced countries are putting a high priority on 

carbon action plan in order to keep fossil fuels 

viable in a world that battle climate change.   

 

In principle, there are three possible strategies in 

this regard, - reduction of CO2 emission, CO2 

capture and storage (CCS), and CO2 capture and 

utilization (CCU). The first one requires energy 

efficient improvements and switching over to less 

carbon energy sources such as renewable which is 

not likely to have high impact at this stage. The 

second option is CCS which is now drawing a lot 

of attention (Global CCS Institute. 2012). Broadly, 

it is envisaged to separate CO2 from the 

combustion gases and arrange a rational storage of 

the same under the ground or under the sea 
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(offshore) or in such geological formations.  The 

third option is CO2 capture and utilization (CCU) 

by conversion. CO2 turns out to be an attractive 

building block for making fuels, chemicals, etc 

which  provides challenges for exploring new 

concepts and opportunities. However, CO2 is not 

yet used extensively as a source of carbon in 

industries, except in a few industrial items such as 

synthesis of urea, its derivatives, salicylic acid and 

carbonates. Good opportunity is there to develop 

alternate fuels and chemicals from CO2. 

Hydrogenation products of CO2 form excellent 

fuels (methanol, dimethyl ether, hydrocarbons) 

suitable in IC engines, and are also easy for 

transportation and storage which is nicely reviewed 

(Mikkelsen et al., 2010). Apparently, this is also 

looked as a means for solving fuel/ energy problem 

and storing renewable energy. However, mitigation 

of CO2 emission is a must at present. At this stage 

immediate attention is required for CO2 mitigation 

in fossil fuel based plants in which post combustion 

CO2 capture is much relevant with subsequent 

processing. Important aspect in all these is the 

energy required in the processes to contain CO2. 

Also the effect of changes in mass of CO2 during 

fuel conversion and combustion is important which 

is not yet considered elsewhere.   

 

This paper outlines  in brief  CCS process and CO2 

conversion to fuel , and examines the energy 

aspects for the CCS process with usual MEA  

(monoethanolamine) solution taking available 

information, and mass and energy aspects of CO2 

conversion to fuel based on simple concepts and 

analysis to identify the possibilities. Thus it focuses 

to formulate an understanding of actual situation on 

the basis of energy requirement in CCS and CCU 

and of changes in mass of CO2 in CCU.     

 

2. Literature Review  

 

2.1 CCS - CO2 capture and sequestration   

As indicated, post combustion capture (Folger, 

2013; UNIDO, 2010) relevant to existing fossil fuel 

based plants is of immediate importance. Typically 

CO2 capture has been in use since long as a 

purification step in chemical industrial processes 

such as in natural gas treatment, production of H2, 

NH3 and other chemicals. In post combustion 

capture, CO2 is captured and separated from the 

other gases in flue gas by chemical absorption 

process with a solvent. The most common chemical 

to absorb CO2 is an organic solvent, 

monoethanolamine (MEA), one of amine family 

compounds. The system consists of an absorber 

and a desorber. In the absorber, the flue gas is 

scrubbed with the amine solution typically 

capturing CO2. The CO2 laden amine solution is 

pumped to a desorber or regenerator, where heat is 

applied to release CO2 and regenerate the amine 

ready to be used in the next cycle. This leads to 

main energy penalty for the system. The process is 

illustrated in fig 1. Energy penalty of 40%, 30% 

and 16% are reported for subcritical PC, 

supercritical PC and natural gas combined power 

plants respectively (Sai Prasad et al., 2012). A lot 

of R& D investigations are continuing to improve 

the situation, particularly on development of better 

absorber solvent. 

 

Figure 1:  Schematic diagram of Post Combustion 

CO2 capture process 

 

 
 

Captured CO2 is compressed, conveyed by pipeline 

for either enhanced oil recovery (EOR) or for 

storage in geologic layers under the ground or 

under water in deep ocean. The emphasis for CCS 

development is mainly to keep CO2 under storage 

deep inside so that it is turned into geologic 

formations. Basically it does not curb CO2 

emission, but it hides CO2 from the atmosphere. 

There may be likelihood of leakage of CO2 and 

also chances of injection induced seismic effects 

(Zobak et al., 2012).  

 

Carbon capture and storage R&D programs have 

expanded rapidly throughout the world (Carbon 

Capture Journal, 2014, issue 38). Global uptake of 

CCS has seen significant progress in the US, 

Canada, China, Australia and other places. 

According to recent update of the Global CCS 

Institute report, the three aspects of CCS,- CO2 

capture, transport and storage are now under 

investigation at lab, demonstration/ commercial 

level. As an example, the Boundary Dam project at 

Sask power plant in Canada is working capturing 

CO2 from a coal fired power plant based on post 

combustion capture process with MEA solution 

and utilizing the CO2 for EOR (enhanced oil 

recovery). However, the progress of CCS though 

encouraging, is vastly inadequate still.    

 

2.2 Industrial Uses of CO2  

CO2 is an important chemical having a large 

number industrial uses (Mazzoti, 2015) which 

includes production of chemicals such as urea, 

refrigeration gas, carbonates, syn gas, fuel, and for 

beverages, enhanced oil recovery (EOR) and  



 
 

Ph ton                                                                                                                                                                                    652 
 

similar applications.   In fact, process based on 

CO2 is preferred to avoid toxicity, further CO2 

emission and to reduce energy consumption. It is 

understood that industrial usage of CO2 is still 

below 0.5% of total anthropogenic CO2 emission. 

Thus the effect of industrial use of CO2 is 

insignificant compared to mitigation of CO2 

required to avoid climate change.     

 

Carbon based liquid fuels, synthetic gasoline, 

methanol for example are attractive because of 

their high energy density and convenience of use. 

Net reduction of CO2 may be possible if the energy 

required for this process is available from non-

fossil sources like renewable energy (solar, wind 

etc). Production of gasoline or methanol for 

transport sector is possible using CO2 and H2 as 

feed stock. Necessary H2 may be produced from 

water using non-fossil based power or otherwise. 

Thus CO2 can be used for making fuels in a cyclic 

manner. The potential of CO2 utilization in the 

mitigation process can be assessed by the extent of 

storage/ use, its duration and  size  in comparison to 

the total emission of CO2 and also CO2 release on 

use if any, the energy, and other requirement.   

 

It may be mentioned that recently, Tuticorin Alkali 

Chemicals in south India (Harrabin ,2017) has set 

up a plant which is the first unsubsidized industrial 

scale example of CCU. It is capturing CO2 from its 

own coal based boiler furnace and using it to make 

baking soda,- a base chemical having a wide range 

of uses including glass manufacture, sweeteners, 

detergents and paper products. A breakthrough  in 

the race to make useful products out of  CO2 

emissions has been made by M/s Carbon Clean 

Solutions and the technology is attracting high 

level of interests from around the world. 

 

2.3 CO2 to Fuel          

 

Synthesis (syn) gas which is a mixture of CO and 

H2, is an important feed stock for chemical 

industry. The established method of syn gas 

production (Nikko et al.,2011; Treacy et al., 2004) 

is steam reforming of methane:       

CH4 + H2O = CO + 3H2,    ΔH = 206 KJ/mol     

(endothermic),    

where ΔH is heat of reaction. The mixture converts 

into methanol in a methanol synthesis reactor. The 

syn gas can be modified also. Further work 

stimulated research to generate synthesis gas by 

CO2 reforming of methane, called dry reforming:   

CH4 + CO2 = 2CO +2H2,    ΔH = 247  KJ/mol .

   

This process has several desirable advantages over 

steam reforming, such as syn gas has a H2/CO ratio 

of one without further reformation reaction, it uses 

CO2,  which may help in CO2 mitigation. The 

process can also be used as chemical energy 

storage and energy transmission system. If solar 

energy used in the endothermic reaction, it can be 

stored and transported via pipeline and liberated by 

reverse reaction at will at any time.  Researchers 

are also being pursued to convert CO2 and water to 

synthetic fuel/ hydrocarbon (Nakano and Benet , 

2014). Methanol fuel represents easy way to store 

and transport energy, and yields an excellent fuel 

for Diesel engine with good anti-knocking and    

combustion properties.   

 

Several investigations are also going on to develop 

fuel from CO2 and water using solar energy. Sandia 

National Lab (Martino, 2009) is developing a fuel 

production method based on simple chemical 

reaction under the ‘Sunshine to Petrol’ project 

which is based on concentrated solar thermal 

energy (1500 C)  to drive the chemical reaction. 

The device converts CO2 and H2O into CO and H2 

respectively,  for producing synthetic fuels. Under 

the guidance of the University of Pennsylvania a 

plant is scheduled to be installed at the western part 

of Texas in the Mojave desert, although, it proves 

to be economically unattractive due to high capital 

and operating cost with expensive catalyst. At 

Pennsylvania State University researchers 

(Danielson et al., 2014; Boysen et al., 2011) are 

working with nano technology to capture CO2 from 

industrial flues and convert it into fuel. Clusters of 

titanium oxide nano tube coated with a catalyst 

helps to convert CO2 and water in a photo catalytic 

cell  into methane using solar energy. Capital and 

operating cost is too high.    

 

A research team in the University of Minnesota 

(Davidson et al., 2015)  is working to convert CO2 

and water into syngas called ‘solar fuel’ using 

concentrated solar energy.  Here also the basis is 

using  high temperature (3500 F) concentrated solar 

thermal energy and metal oxide to split CO2 and 

water into CO and H2 respectively. The concept has 

been demonstrated in lab and bench scale units. 

CO2 is used to make a fuel which releases energy 

on combustion and emits same amount of CO2 

making it a carbon neutral system. A novel 

experiment is pursued in Chemistry lab of 

Princeton University to produce chemical fuel 

using CO2, sunlight and water in a cell like device, 

which can store solar energy to be used when 

needed. Researchers at the University of California, 

San Diego (UCSD) demonstrated similar cell like 

device for CO2 and water conversion with sunlight. 

Aided by a catalyst  CO2 is converted to CO at the 

cathode, while at the anode a catalyst of platinum 

converts water to H2. These CO and H2 could be 

combined to make fuel through FT process (Biello, 

2011). The technology being developed at 

Pennsylvania State University combines capture 

and conversion process using a catalyst of earth 

abound elements Fe, Cr, Cu/ K, Mg, Al2O3. CO2 
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capture from flue gas and catalytic hydrogenation 

can be performed over the same catalyst. Very high 

CO2 capture could be achieved from process flue 

gases..  In spite of a lot of research on these 

processes, there is still no commercial use of the 

reformation yet.     

 

Analysis   

 

Energy analysis of the processes along with the 

effect of CO2 mass changes based on simple 

concept has been considered here for  

understanding and assessment.    

 

3.1 Post combustion CO2 capture    

 

From literature (Global CCS Institute, 2012; 

Eswaran et al., 2010) regeneration process energy 

consumption for capture with usual MEA is 900 

Kcal/Kg of CO2 from coal power plant flue by post 

combustion capture process with usual MEA. This 

is equal to 3.762 MJ/Kg CO2 as the energy required 

for capture of CO2, which agrees with the data 

indicated by (Zahra, 2009) and (Udara et al., 2013). 

It is also indicated by computation analysis 

(Kothandaraman, 2010) that about 70% of total 

energy consumption is regeneration process 

energy. The rest of the energy is for compression, 

transportation/ injection which comes out to be 

1.63 MJ/Kg CO2.Thus energy for capture is around 

165.4 MJ per Mol CO2 and energy for storage as 

71.7 MJ per Mol CO2 respectively. Energy penalty 

of 40%, 30% and 16% are reported for subcritical 

PC, supercritical PC and natural gas combined 

power plants respectively (Sai Prasad et al., 2012).  

There is continuous development going on  for 

better absorbent solvents which may require lower 

energy consumption. But for the simple analysis 

energy data as indicated for usual MEA has been 

used here.  MJ and Mol here mean mega-joul and 

kilogram mole respectively.    

 

3.2 CO2 conversion to Fuel     

Conversion of CO2 into fuel methanol, diesel, 

gasoline  can be done in the following ways for 

which analysis have been made as shown bellow; i) 

Without using methane, CO2 and H2O in a 

conversion process can be transformed into CO and 

H2 respectively (Nakano and Benet, 2014). The 

resulting CO and H2 can be combined to form 

methanol, CH3OH according to,        

CO + 2 H2 + ΔH = CH3OH                                                                                     

(1)  

Thus, overall CO2 conversion into methanol in a 

gist can be written as,        

CO2 +2 H2O + ΔH1 = CH3OH + 3/2 O2                                                                 

(2)  

Here, ΔH is heat necessary for the reactions, called 

heat of reaction.   Without emphasizing the 

condition of reaction, requirement of catalyst etc 

and inefficiency in conversion process the  energy 

aspect is only considered here in a simple way to 

indicate the heat requirement in the process.  Heat 

necessary for the reaction can be evaluated using 

enthalpy of formation concept;    

Heat of reaction , ΔH = ΔHf (products) – ΔHf 

(reactants) where, ΔHf is enthalpy of formation. 

With this concept the above reactions have been 

analyzed for computing heat required in the 

process, ΔH. For simple calculation ΔHf data at 1 

atmosphere pressure and 298 K temperature have 

been used, though it should be considered at 

reaction temperature and pressure. However, the 

changes would not be severe so that basic ideas of 

the conversion reaction could be formulated. The 

energy balance of the chemical equation have also 

been checked  to understand that the evaluated ΔHs 

are  correct. Data used are as shown below 

(McAllister et al., 2011);   

ΔHf (CO2) = -393.52 MJ/Mol,  ΔHf (H2O) = - 

241.83 MJ/Mol, ΔHf (CO) = -110.53 MJ/Mol ,  

ΔHf (CH3OH) = -201.54 MJ/Mol,  ΔHf (O2) = 

ΔHf (H2) = 0, etc. With these values, the amount of 

heat required for formation of CH3OH is, ΔH1= 

676.23 MJ/Mol CO2.  

ii) Using methane,  CO2 can be converted to 

methanol/ fuel by following ways (Treacy et 

al,2004), : Methanol:  CO2 + 3CH4 + 2H2O + ΔH2 

= 4CH3OH ,    ΔH2 = 148 MJ/Mol CO2       (3)  

Methanol:  CO2 +CH4 +2H2O+ ΔH3 =2 CH3OH + 

O2, ΔH3 = 472.2 MJ/Mol CO2    (4)   

Gasoline:CO2+6CH4+3H2O+O2+ΔH4=C7H16+7H

2O,ΔH4=(-312.48)MJ/MolCO2   (5)       

Diesel:  CO2 +3CH4+H2O +ΔH5 =2/3 C6H12 + 

3H2O, ΔH5= 23.MJ/Mol CO2          (6)  

 

Heat required for each of the processes is shown by 

the values of ΔHs which have been calculated 

following the method indicated above. Some of 

these have been compared with available data in 

literature (Treacy et al., 2004; Nakano et al., 2014) 

and agree very well.    

 

3.3 Consideration of CO2 mass  for conversion to 

fuel and subsequent combustion       

In case of methanol obtained by CO2 conversion 

without using methane, it is observed that one Mole 

of CO2 produces one Mole of methanol (eqn.2), 

which on combustion releases heat energy 

(calorific value ie CV) and forms one Mole of CO2 

as follows,           

 

CH3OH + (O2) = CO2 + (H2O) + Heat (CV)                                                        

(7)  

There is no change in number of Mole  or mass of 

CO2 between the amount of CO2 for fuel 

conversion and that of CO2 generated by the same 

fuel on combustion. A designed system can handle 

the mass of CO2 generated in a continuous process 

for conversion back to fuel. This is a carbon neutral 
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process. When methanol is obtained using CO2 and 

methane the picture is different. It is observed from 

eqn.(3) that one Mole of CO2 is converted into four 

Moles of methanol, which on combustion releases 

heat energy and produces four Moles of CO2. 

Similar is the situation for other methods of CO2 

conversions indicated.     

 

3.4 Energy consideration for CO2 conversion to 

fuel      

A clear picture of energy aspect can be obtained 

starting with a Mole of CO2, converting it into fuel, 

combusting the fuel produced and separating CO2 

from the combustion flue gases for conversion to 

fuel again. If the fuel is methanol produced without 

using CH4 following eqn. (2), the amount of heat 

energy required per Mole of CO2 to produce one 

Mole of methanol is 676.39 MJ. When one Mole of 

this fuel is combusted it releases 640 MJ/Mol of 

fuel (Lower CV) and combustion flue gases 

containing one Mole of CO2 along with others, if 

any. Separation of CO2 from flue gases requires 

165.4 MJ/Mol of CO2 so that one Mole of CO2 is 

got back what was started with. So total 

expenditure of energy is (676.39 +165.4) ie. 841.8 

MJ per Mol of CO2 or fuel. Thus a full cycle of 

process from CO2 to CO2 or from fuel to fuel 

would require an additional input of energy of 

(841.8- 640) ie. 201.8 MJ  per Mol of CO2 or fuel 

to be supplied from outside. In other reactions 

methane is used as feed, which itself has a calorific 

value. So while calculating the total energy 

required for conversion, the calorific heat of input 

methane is also considered. The calculated results 

are shown in the table 1. 

 
Table 1 : Energy and Mass parameters in CO2  conversion into fuel and combustion 

Fuel CO2 

Mol 

CH4 Mol, 

----- 

Eqv. 

Heat 

MJ 

 

Fuel 

Obtd. 

Mol per 

Mol 

CO2 

Heat 

Reqd 

In 

Reaction 

MJ/Mol 

CO2   

Heat 

Release 

On 

Combus 

tion 

MJ 

 

CO2 

Genera 

ted 

Mols 

Energy 

For CO2 

Capture 

MJ 

 

Total 

Energy 

Reqd. 

MJ, 

A+B+ 

D 

Extra 

Energy 

to feed, 

MJ 

 

  A  B C  D E E – C 

Diesel 

C6H12 

Eqn.(6) 

1 3 

---- 

890 

x3 

2/3 23 2430 4 165.4 

x4 

3354.6 924.6 

Gasoline 

C7H16 

Eqn.(5) 

1 6 

---- 

890 

x6 

1 -312.48 4410 7 165.4 

x 7 

6185.3 1775.3 

Methanol 

CH3OH 

Eqn.(3) 

1 3 

---- 

890 

x3 

4 148 640x 4 4 165.44 

x4 

3479.6 919.6 

Methanol 

Eqn.(4) 

1 1 

---- 

890 

2 472.2 640 x2 2 165.4 

x 2 

1693.0 413.0 

Methanol  

Eqn.(2) 

1 0 1 676.39 640 1 165.44 841.8 201.8 

 

4. Results and Discussion   

 

Based on the results of energy and CO2 mass 

analysis interesting features are observed on CO2 

conversion to fuel and CCS process which are 

discussed below.              

 

CO2 conversion to methanol by the method of eqn. 

(2) leads to no change in mass of CO2 in the final 

use (combustion) of fuel. So this is a carbon neutral 

process and would not produce any extra CO2. 

However, it cannot deal with any additional CO2 

from outside.  The situation is completely different 

for the processes of CO2 conversion following  

 

 

eqns. (3,4,5,6) . As indicated above, by the process 

of eqn.(3) the mass of CO2 generated is fourfold. 

This is due to three Moles of CH4 reacting also in 

the fuel conversion process. So, mass of CO2 

generated is four times the mass of CO2 being 

converted. There is a 300% increase in mass of 

CO2 in each cycle. A designed reactor system can 

handle only the same amount of CO2 in a 

continuous process. The amount of CO2 in excess 

of the initial feed is to be kept out of feed back 

process for conversion to fuel. Since the mass of 

CO2 is increasing in every cycle it would not be 

possible to get conversion of all the mass of CO2 in 

a continuous process. So these are to be emitted to 

the environment. Thus in every cycle three Moles 

of additional CO2 produced is to be released to the 

environment. Similar is the situations for 
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conversion following the equations (4,5,6) resulting 

in 100%, 600% and 300% increase in CO2 in each 

cycle. All these are not therefore carbon neutral 

processes and would happen whenever methane is 

a feed material along with CO2 for conversion to 

fuel.    

 

However, if the fuel produced is kept without 

combusting or is combusted in a fraction so that 

CO2 generated is equal to that in feed, this problem 

may be avoided. But in that case there is a severe 

problem of piling up of unburned fuel increasing in 

quantity and also requirement of large amount of 

energy from outside for making the fuel by CO2 

conversion. So the fuel conversion processes can 

not help in mitigation of CO2. If it happens that one 

Mole of CO2 produces such fuel/ chemical which 

on use generates amount of CO2 lower than the 

initial feed then only it is worth and the process 

would help in tackling/ mitigation of additional 

CO2 generated outside this system. But such a 

process is not yet available. So the situation may be 

thought as equivalent to locking up CO2 demon in a 

bottle in the form of fuel/ chemical, which on use 

will come out and be emitted to the environment.     

 

In the table 1 the results are all based on one Mole 

of CO2 conversion to fuel by different processes. It 

is seen that extra energy to feed is 201.8 KJ per 

Mole CO2 or Fuel for the process of eqn.(2). Extra 

energy requirement is larger for other processes 

and is the highest for gasoline since it involves six 

Moles of methane in the feed. Then comes Diesel 

(eqn.6), methanol (eqn.3) and methanol (eqn.4). 

Thus it is observed that CO2 conversion to fuel 

involves a good amount of additional energy to be 

fed from outside and also the complicated effects 

of increase in mass of CO2 generated on 

combustion. Only in a simple case of conversion 

(without using methane) following the process of 

eqn.(2) one Mole of CO2 is produced by the 

generated fuel on combustion. Even in this case 

also against one Mole of CO2 converting to fuel , 

one Mole of CO2 is generated by combustion of the 

fuel which is again to be converted  back to fuel, 

otherwise it would be emitted to the environment. 

So the process should be engaged with conversion 

of the CO2 generated by itself, and there is no 

scope of converting additional CO2 from outside. 

Thus it would not help in mitigation of CO2 from 

outside generated otherwise. It is wrongly 

mentioned sometimes that CO2 conversion to fuel 

would reduce CO2 emission, which is not true if 

ultimate use of fuel in combustion is considered. If 

the fuel generated is just kept in store without use 

then reduction of emission of CO2 is possible. But 

this is not possible in reality. The fuels will pile up 

in store which will be ever increasing. Besides, a 

large amount of energy is required for CO2 

separation and conversion to fuel,   to be supplied 

from outside which is again an impossible 

situation.    

 

The fuel generated by CO2 conversion can be 

compared with gasoline obtained by refining. For 

refining and making ready for use, one gallon of 

gasoline requires 6 KWH energy (Web- http: long 

tailpipe …., 2016; Wang et al., 2004), which is 

8.152 MJ/ Kg. So by spending 8.152MJ, one Kg of 

refined gasoline is obtained, which releases 44.1 

MJ of heat energy (LCV) on combustion. So a net 

gain of around 36 MJ/Kg of energy is possible. 

Expenditure of energy is much lower than the cases 

of CO2 conversion to fuel. But the only important 

difference is that gasoline is being depleted from its 

total storage in nature and no replacement is being 

made. Also gasoline on combustion results in CO2 

emission.        

 

If in post combustion capture by MEA, separation, 

compression, transportation and injection are 

considered, the energy required is (165.4+71.7) = 

237.1 MJ per Mole of CO2. As a result energy 

efficiency of a plant with CCS decreases (Sai 

Prasad P.S.et al, 2012). This energy is greater than 

the energy required (E-C) (Table.1) in the case of 

CO2 conversion process (without using methane) of 

eqn.(2) to fuel and combustion. In the post 

combustion capture process the captured CO2 is 

injected deep inside with the purpose that it is not 

emitted to the environment.    But in case of fuel , 

as soon as it is combusted CO2 comes out and it is 

to be separated and converted back to fuel with 

expenditure of energy (E), otherwise, it will be 

emitted to the environment. In case of soda ash 

preparation (Harrabin, 2017) using CO2 the process 

is also apparently nice, since it utilizes CO2. But 

when soda ash is used CO2 comes out. Each Mole 

of soda ash on use emits (revised IPCC Guideline, 

1996) one Mole of CO2. Thus preparing a chemical 

(including fuel) using CO2 though appears lucrative 

as a CO2 reduction process, actually it is not so; 

since CO2 is emitted as soon as the chemical/ fuel is 

utilized. This aspect highlights that CO2 conversion 

to fuel/ chemical does not help in CO2 mitigation. 

It is very temporary hiding of CO2 only which 

should be considered in relevant process/ system 

design.   

 

Solar energy for CO2 conversion to fuel or ‘solar 

fuel’ as is called is an exciting possibility but the 

conversion efficiency is too low still below 2 

percent. Solar energy can be converted to electric 

power by p-v (photo voltaic) cell with a much 

higher efficiency (around 13- 15%) commercially, 

having promise of further increase. So getting a 

fuel at that low efficiency is not so worth. Besides, 

CO2 generated by combustion of solar fuel is again 

to be managed by reconversion without emitting to 
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environment, thus having almost no scope of 

additional CO2 mitigation from outside.    

 

The results shown here have been obtained based 

on simplified analysis and concept. Available data 

from experiments and computations have been 

used.  CO2 conversion has been considered for ideal 

situation and process. This aspect of energy and 

change of CO2 mass should be further investigated 

with analysis based on actual process data/ 

condition which is more complex and the results 

are likely to be more unfavorable.                 

 

Conclusion  

 

CCS and CCU which may be possible methods for 

mitigation of CO2 emission to the environment 

caused by fossil fuel combustion   have been 

examined here.    

 

CCS involves capturing CO2 and storing it under 

ground or sea whereas CCU is CO2 conversion to 

usable fuels and chemicals. The energy aspects of 

CCS and CO2 conversion  to fuel have been 

examined by simple analysis. It has been observed 

that a significant amount of energy is required in 

CCS process which reduces the net output and 

energy efficiency of plant considerably. Under 

CCU in CO2 conversion to fuel more energy input 

is required for separating CO2 and its conversion 

than what is obtained by combustion of the 

generated fuel, requiring additional energy input 

from outside. The energy efficiency of CO2 

conversion to solar fuel using solar energy is still 

very low compared to p-v conversion thus 

indicating the conversion not so worth at this stage.   

 

The effect of change in mass of CO2 on conversion 

and on fuel combustion in CCU has been analyzed. 

The increase in mass of CO2 on combustion of the 

converted fuel complicates the problem in most 

cases of fuel conversion (using CO2 and methane) 

making these not suitable for emission reduction. 

Once started, the process has to deal with its fuel 

combustion generated CO2 which should be used 

for conversion again instead of releasing to the 

environment. Only CO2 conversion to fuel by the 

process of eqn. (2) is suitable from these  

considerations which is a carbon neutral process. In 

this case also the process is like a closed system, 

and   cannot take up additional CO2 from outside in 

a continuous system, if fuel combustion is 

involved. Storing the converted fuel without 

combustion may help in CO2 emission mitigation, 

but it requires a lot of energy to be fed for 

conversion, and this is not practical. Thus CO2 

conversion to fuel/ chemical does not appear to be 

a suitable process for CO2 mitigation yet. This also 

applies to the case of solar fuel making it also not 

suitable for mitigation.     

General assessment is that curbing CO2 emission is 

energy consuming process whatever method is 

used reducing plant energy efficiency. Further, 

CO2 converted to fuel/ chemicals emits CO2 on use 

and is not suitable for mitigation of additional 

emission from outside. The  analysis which is made 

assuming ideal case may be improved with 

consideration of actual conditions, conversion etc.   
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