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Abstract--- The world’s need to adopt a sustainable way of 

living has led to an increase research in carbon dioxide 

sequestration [1]. At present, the capture of carbon dioxide 

produced by combustion of fossil fuels used in electric 

generation can be achieved by amine scrubbing of the flue 

gases. This process is costly and may, in the future, be 

replaced by options such as membrane separation [8, 16], 

molecular sieves or desiccant adsorption. Short term options 

of sequestration by direct injection into geologic or oceanic 

sinks are recognized as methods to reduce the carbon 

dioxide levels but do not address issues of sustainability. For 

this purpose, photosynthetic reaction, which has long been 

known as a natural process that can produce useful by-

products of biomass, oxygen and hydrogen and can fix 

carbon dioxide, has been examined. In a controlled 

environment, such as a bio-reactor, micro-organisms 

capable of photosynthetic reactions may hold the key to 

reducing emissions in both an economically and 

environmentally sustainable manner [3]. This paper 

examines various aspects of different sequestration methods 

and suggests one possible method of producing sustainably 

biodiesel and ethanol on a life-cycle basis, while 

sequestrating carbon dioxide, giving us what can be called 

as Ethanol Cycle. 

Keywords: Carbon dioxide capture and sequestration, 

sustainability, natural sinks, ethanol, bio- diesel  

I. INTRODUCTION 

The idea of producing liquid or gaseous fuels from algae 

emerged during the oil crisis of the 1970s. There is a view 

that if it were possible to capture carbon dioxide flue gases 

from a power station and use the gases to grow algae for 

biofuels production then this process would qualify as a 

carbon capture mechanism. It is necessary to undertake 

detailed life-cycle calculations of the processing energy 

needed to make the biofuel, in order to quantify the 

greenhouse gas emissions at each stage of the process. This 

allows us to determine whether the process does indeed emit 

less CO¬2 than the use of fossil fuels and if this is the case 

to quantify the associated carbon credits [14]. 

In this paper, a study of potential pathways to help minimize 

greenhouse gas emissions is presented. This includes a 

broad overview of existing technologies and sequestration 

options and a method to produce biodiesel and ethanol while 

capturing carbon dioxide. 

A. Options for capture and sequestration 

Most options for the disposal of captured carbon dioxide 

may be seen as short sighted. The concept behind most 

disposal methods is to offset the immediate effect on the 

levels of carbon dioxide in the atmosphere by relocation, 

i.e., by injection into either geologic or oceanic sinks. Other, 

more practical forms of disposal are currently viewed as too 

limited in application or economically too expensive to 

justify [3]. 

Three major options were identified in relation to fossil 

fuels. These were: 

1) Improving the efficiency of energy production 

2) Reducing the carbon content of fuels 

3) Sequestration of carbon dioxide from the flue gases 

In estimating two scenarios, a ‘‘High Carbon World Case’’ 

and a ‘‘Low Carbon World Case’’, the conclusion was 

reached that under the best scenario, carbon sequestration is 

essential to prevent irreparable damage to the environment. 

An estimated 80 million tons a year in 2020 compared to 

nearly 900 million tons a year by 2050 would have to be 

sequestered under the ‘‘Low Carbon World Case’’ as energy 

efficiency and fuel switching options are pressed to 

maximum capabilities[4]. 

1) MEA scrubbing process 

There exists a commercial process whereby carbon dioxide 

is scrubbed from the flue gases of the combustion process. A 

chemical absorption process is used with a 

monoethanolamine (MEA) solvent. The process allows the 

MEA solution to come into contact with the flue gases and 

mix in the absorber. The carbon dioxide rich MEA solution 

is then sent to a stripper where it is reheated to release 

almost pure carbon dioxide. This carbon dioxide can be used 

for industrial processes or to supply the needs of a photo-

bioreactor system. The MEA solution is then recycled to the 

absorber. This process is generally deemed uneconomic as it 

results in large equipment sizes and high regeneration 

energy requirements. Other technologies have been 

considered, such as membrane separation, cryogenic 

fractionation and adsorption using molecular sieves, but 

they are less energy efficient as to be considered 

economically viable[7,9]. 

2) Geologic injection 

Geologic injection may be superior to oceanic injection due 

to its higher expected retention rate. Expected residence 

times are at least thousands of years compared to that of 

oceanic injection of only hundreds of years. Even longer 

residence times could be achieved if the carbon dioxide 

reacted underground to form carbonate minerals, thus 

reducing the possibility of escape into the atmosphere. The 

consideration of carbon credits should be made on the 

retention ability of the geologic reservoir. The amount of 

carbon dioxide that leaks into the atmosphere should be 

considered as the difference of the amount sequestered in 

the geologic formation versus the actual quantity remaining 

[4]. 

 

A study on the methods of carbon dioxide capture and 
 Sequestration- Ethanol Cycle 

 
  

Imranul Islam Laskar1 Madan Raj.P.V2 

1,2
Dept. of Chemical Engineering 

1,2
Sathyabama University, Chennai, India 

 

 



A study on the methods of carbon dioxide capture and Sequestration- Ethanol Cycle 

(IJSRD/Vol. 1/Issue 10/2013/0027) 

 

 
All rights reserved by www.ijsrd.com 2166 

3) Oceanic injection 

The ocean contains an estimated 40,000 Gt of carbon, 

whereas the atmosphere and the terrestrial biosphere contain 

an estimated 750 and 2200 Gt respectively. A doubling of 

the carbon concentration levels in the atmosphere therefore 

represents only enough carbon to increase the ocean’s 

concentration levels by about 2%. Over a period of 100 

years, it is estimated that around 80% of today’s 

anthropogenic emissions of carbon dioxide will be absorbed 

by the ocean. By direct injection into the ocean, this natural 

process is effectively enhanced, thus reducing peak 

atmospheric carbon dioxide concentrations and their rate of 

increase. However, using this method, it is estimated that 

around 15–20% of the carbon dioxide injected into the 

ocean will leach back into the atmosphere over hundreds of 

year. Furthermore, direct oceanic injection does have unique 

environmental concerns. It is known that a higher 

concentration of carbon dioxide decreases the pH level of 

surrounding areas. Dispersing about 200 years of current 

emissions, or 1300 Gt of carbon into the ocean would 

decrease the average ocean pH by around 0.3 units. The 

deep sea pH is expected to decrease as much as 0.5 pH 

units. This would principally affect non-swimming marine 

organisms, such as zooplankton, bacteria and benthos, at 

depths of 1000 m or more. Experimental data suggests that 

the problem of pH change effects can be avoided by using 

dispersal techniques during injection. Nematodes and 

bacteria are expected to be affected severely at a pH of 5.5 

or 6 or less. In order to avoid leakage of greater than 20%, 

injection depths should be greater than 1000 m, which is 

around the location of the thermocline. This would minimize 

leakage by inhibiting vertical mixing. By improving the 

vertical dispersion of carbon dioxide, pH impacts will be 

minimized, both locally and globally.  

Model theory suggests that injection at a depth of 1500 m 

will be sensitive to location, whereas injections at depths 

greater than 3000 m are relatively insensitive to location [9]. 

There have been a number of injection techniques suggested 

in order to dissolve the carbon dioxide into the ocean. These 

are 

1. Droplet plume––liquid CO2 injected from a manifold 

below 1000 m, forming a rising plume. 

2. Dense plume––a dense CO2 seawater mix that sinks, 

injected at a depth between 500 and 

    1000 m. 

3. Dry ice––dropped off a boat and allowed to sink and 

diffuse. 

4. Towed pipe––injected from a boat at a depth of 1000 m, 

forming a rising plume. 

5. CO2 lake––injection at a depth of around 4000 m to form 

a stable ‘‘deep lake’’. 

4) An efficient method of CO2 fixation 

Certain species of microalgae offer the possibility of 

sustainable, low GHG (greenhouse gas) emissions. 

Some of their perceived advantages of microalgae are that 

they grow rapidly, yield significantly more biofuel per 

hectare than oil plants, can sequester excess carbon dioxide 

as hydrocarbons, produce a fuel that contains no sulphur 

with low toxicity that is highly biodegradable, does not 

compete significantly with food, fibre or other uses and does 

not involve destruction of natural habitats. Microalgae 

contain lipids and fatty acids as membrane components, 

storage products, metabolites and sources of energy. When 

grown under standard, nutrient-replete conditions, they 

show large differences in percentages of the key 

macronutrients: by dry weight, typically 25 to 40% of 

protein, 5 to 30% of carbohydrate and 10 to 30% of 

lipids/oils. Species containing considerably higher oil 

content have been found and more than a dozen algal 

species have been mentioned as possible candidates for 

producing biodiesel [13, 15]. 

Microalgae, which many geologists believe produced most 

fossil fuels in the first place, need light, nutrients and 

warmth to grow. This occurs naturally on larger scales in 

bogs, marshes and swamps, salt marshes and salt lakes. 

Smaller-scale sources include wastewater treatment ponds, 

animal waste and other liquid wastes. When algal growth 

conditions exist, the steps involved in producing biodiesel 

from the algae are shown below. Microalgae are diverse, 

pervasive, productive and less competitive with other plants 

as a source of food for human consumption. Though 

microalgae are aqua cultured widely to produce various 

high-value foods, nutraceuticals and chemicals, the methods 

adopted have not yet been shown to be economically and 

ecologically viable for large scale production of biodiesel 

and thereby, replacing the fossil fuels [14].  

II. ALGAE FARM DESIGN 

A 400 ha of shallow growth ponds are constructed on 

approximately 500ha of flat coastal land, 2.5 km from a 

coal-fired power station. Although finding enough land for 

one algae farm of this configuration is easy, scaling up is a 

problem. This increased infrastructure cost can substantially 

impact the viability of the algae farm from an economic 

perspective, and also affect its greenhouse credentials [5]. 

A. The major design elements are: 

1)  

Construction of the 0.7-1 meter deep growth ponds 

(containing water to a depth of about 30 cm) including site 

clearing, grading, levelling, and the construction of channel 

dividers (berms). Ponds are designed in modules, with the 

basic design element being two trenches running in parallel, 

separated by a berm (a mound of earth with a level top that 

acts as a divider) except for the ends which are connected in 

a semi-circle to allow water to flow continuously. This is 

known as a ‘raceway’ design. The ponds are unlined, as 

plastic liners can double the infrastructure cost. However, 

the pond bottom is compacted, and in areas with very sandy 

soil a thin layer of clay is applied; suggests that this should 

be all that is required for most of the pond area due to self-

sealing. Erosion is restricted primarily to pond walls and 

bases near the paddle wheels, and the berms which are 

accessible to the elements, so geotextiles (‘Polyfelt’ or 

similar material) are placed along and over the pond 

perimeter and exposed areas (including the berms) near the 

ponds, in addition to the pond bottom near the paddle 

wheels[5,10]. 

2)  

One paddle wheel per raceway is used to ensure a flow rate 

of 10-25 cms-1; this ensures a suitable amount of mixing of 

nutrients and carbon dioxide in the water, as well as 
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avoiding silt suspension and sedimentation of organic solids, 

according to. 

3)  

Each raceway also has a sump with a baffle through which 

carbon dioxide is pumped. The pond is also made deeper at 

this point to ensure 95% or more of the carbon dioxide is 

absorbed; this requires a water depth of about 1.5 meters. 

This carbon dioxide is supplied either by pipe from a nearby 

power station (filtered flue gas), from an ammonia plant 

(pure carbon dioxide), or from a tank onsite which stores 

pure carbon dioxide that has been delivered by road in 

cryogenic tankers (or possibly by rail or ship) in cooled, 

liquefied form. 

4)  

For harvesting purposes a chemical (hydrophobic polymer) 

flocculant is used to concentrate algae, which is then fed 

into a DAF (dissolved air flotation) system to further 

concentrate the algae, before it is heated and fed into a 

centrifuge. This concentrates the algae, removes the 

majority of the remaining water, and extracts the lipids 

(oil/fat). 

5)  

The lipids are trans-esterified by combining with alcohol 

and a catalyst such as potassium hydroxide to produce 

biodiesel. This process is used for the production of 

biodiesel from any vegetable oil, such as canola. 

6)  

The remaining algal mass is fed back into the ponds to 

provide nutrient recycling and is moved into an anaerobic 

digestion unit; basically a covered lagoon. This would result 

in methane capable of producing 1336.5 GJ of heat energy. 

7)  

This methane is turned into electricity, either by feeding it 

back through the piping to the nearby power station, during 

the night when the algae are quiescent and do not have need 

of the extra CO2, or by the use of a 5MW generator. A 

generator/power plant efficiency of 32% is assumed 

(consistent with the literature on current coal-fired power 

plants), but is conservative given advances in modern 

generators. Similarly it has been reported that coal-fired 

power stations are noticeably more efficient, with the most 

efficient supercritical steam plants today having a 45% 

thermal efficiency, which could rise to 60% with the next 

generation of technology. Thus figures for the amount of 

electricity produced from methane in this paper are likely to 

be conservative [5].  

8)  

This electricity is used to offset power requirements of the 

algae farm, with the excess being fed back into the grid. For 

purposes of the life cycle analysis, however, it is assumed 

that all the electricity produced is fed back into the grid – 

which is effectively the case for the power station.  

9)  

As mentioned above, no algal mass is fed back into the 

ponds to recycle nutrients. Thus substantial amounts of 

nitrogen and phosphorus (in the form of ammonia, urea and 

superphosphate fertilizers) and small amounts of iron (iron 

sulphate fertilizer) need to be added regularly to the algae 

ponds, in addition to the carbon dioxide [10]. 

10)  

The algae farm also requires the construction of roads,  

drainage and buildings, electrical supply and distribution, 

instrumentation, machinery (including vehicles). Also 

people are required to run the facility (including the 

administrative staff not directly operating the plant, but 

necessary for the function of the facility). Given the amount 

of electricity produced by the algae farm with the above 

design, it is perhaps more accurate to think of it as a biogas 

power plant that produces biodiesel as a by-product, rather 

than the other way around. In each case, biodiesel was a by-

product among several liquid or gaseous fuels produced by 

the proposed facilities [11, 12].   

 
Fig. 1: An array of bioreactors (Graphical) 

III. ETHANOL CYCLE 

A. Ethanol from Algae 

Algae have a tendency to have a much different makeup 

than does most feedstock used in ethanol, such as corn and 

sugar cane. Ethanol from algae is possible by converting the 

starch (the storage component) and cellulose (the cell wall 

component). Lipids in algae oil can be made into biodiesel, 

while the carbohydrates can be converted to ethanol. Algae 

are the optimal source for second generation bioethanol due 

to the fact that they are high in 

carbohydrates/polysaccharides and thin cellulose walls [17]. 

 
Fig. 2: Ethanol and Biodiesel production from algae. 

The real problem is that there are so many more valuable 

products to produce from it, such as carrageenan, agar, and 

dozens of valuable compounds. In comparison, alcohol is a 

low-priced product. 

B. Algae Species for Ethanol Production 

Some prominent strains of algae that have a high 

carbohydrate content and hence are promising candidates for  
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Ethanol production 

1) Sargassum 

2) Glacilaria 

3) Prymnesium parvum 

4) Euglena gracilis 

C. Process behind Ethanol from Algae 

Fermentation process to produce ethanol includes the 

following stages: 

1) Growing starch-accumulating, filament-forming, or 

colony-forming algae in an aqua culture 

environment; 

2) Harvesting the grown algae to form a biomass; 

3) Initiating decay of the biomass; 

4) Contacting the decaying biomass with a yeast 

capable of fermenting it to form a fermentation 

solution and, 

5) Separating the resulting ethanol from the 

fermentation solution. 

Initiating decay means that the biomass is treated in such a 

way that the cellular structure of the biomass begins to 

decay (e.g., cell wall rupture) and release the carbohydrates. 

Initiating decay can be accomplished mechanically, non-

mechanically. The yeasts used are typically brewers' yeasts 

(Saccharomyces cerevisiae and Saccharomyces uvarum). 

Besides yeast, genetically altered bacteria know to those of 

skill in the art to be useful for fermentation can also be used 

[2, 17]. 

D. Ethanol from De-oiled Algae 

Overall, the algal biomass comprises three main components 

– Carbohydrates, Proteins and Lipids. Once the lipids have 

been extracted the left-over cake is primarily composed of 

carbohydrates and proteins. Carbohydrates in the left-over 

algae can be converted into sugars. Depending on the strain, 

the sugar can either be simple or complex. Thus, the left-

over be used as feedstock for ethanol. Algae cake that is left 

over after extraction of oil for biodiesel can be converted 

into ethanol through fermentation of the extract. This gives 

rise to the interesting possibility of producing both biodiesel 

and ethanol from algae. The fermentation of algae extract to 

ethanol releases CO2, which can again be fed to grow more 

algae. Such a closed loop presents an attractive potential on 

which some initial trials are on-going. 

E. Oil extraction from Algae  

Micro-algae are the fastest growing photosynthesizing 

unicellular organisms and can complete an entire growing 

cycle every few days. Some algae species have high oil 

content (up to 60% oil by weight) and can produce up to 

15,000 gallons of oil per Acre per year under optimum 

conditions. Algae are the only bio feedstock that can 

theoretically replace all of our petro-fuel consumption of 

today and future. Biodiesel feedstock such as soy or palm 

produce enough oil to replace even a small fraction of petro-

oil needs without displacing large percentages of arable land 

towards crops for fuel production. 

F. Transesterification  

The process of converting vegetable & plant oils into 

biodiesel fuel is called transesterification. 

Transesterification of algal oil is normally done with ethanol  

and sodium ethanolate serving as the catalyst. Sodium 

ethanolate can be produced by reacting ethanol with sodium.  

 
Fig 1: Transesterification 

Thus, with sodium ethanolate as the catalyst, ethanol is 

reacted with the algal oil (the triglyceride) to produce bio-

diesel & glycerol. The end products of this reaction are 

hence biodiesel, sodium ethanolate and glycerol.  

This end-mixture is separated as follows: Ether and salt 

water are added to the mixture and mixed well. After 

sometime, the entire mixture would have separated into two 

layers, with the bottom layer containing a mixture of ether 

and biodiesel. This layer is separated. Biodiesel is in turn 

separated from ether by a vaporizer under a high vacuum. 

As the ether vaporizes first, the biodiesel will remain [17].  

IV. CONCLUSION 

This paper has discussed carbon dioxide capture techniques, 

such as amine scrubbing to treat flue gases from fossil fuel 

based electrical generators. These capture and sequestration 

techniques have been illustrated to be not economically 

feasible. The sequestering of carbon dioxide was shown to 

be a challenging problem. Geologic and oceanic injection 

techniques have been illustrated and explained and are not 

sustainable. The natural process of photosynthesis, which 

can be utilized to fix carbon dioxide and produce useful by-

products in a sustainable way, has been described to be 

viable and the design of a solar energized photo-bioreactor 

system for the purpose of carbon dioxide fixation was 

illustrated to be technically feasible. It has been illustrated 

that a 4000 m3 pond under natural daily light exposure 

cycles could sequester up to 2.2 kt of CO2 per year [6]. The 

initial stage for a large scale CO2 sequestration operation 

would be to design a laboratory scale photo-bioreactor 

system. The system would make use of a natural process 

whereby microorganisms photosynthetically fix carbon 

dioxide into useful products of biomass, oxygen and 

hydrogen. Microorganisms considering algae in this case, 

can grow at rates many times beyond the alternate forms of 

plant-based oil derivatives, which in turn can be used as a 

feedstock for biodiesel production. Algae can grow in a 

wide variety of climates, in a wide range of terrain, and 

yield the most plentiful form of plant oil feedstock for 

biodiesel. This is an extraordinary opportunity for 

replacement of diesel and jet fuels from biodiesel plants. 

These oil replacement agents are the key to long-term self-

sufficiency and energy management for the future. 

In comparison to other greenhouse gas mitigation options, 

such as oceanic fertilization, oceanic or geologic injection, 

the photosynthetic solution when scaled up would present a 

far superior and sustainable solution under both 

environmental and economic considerations. Ethanol Cycle 

is a bio-secure, scalable, climate adaptive and highly cost 

effective technology for producing valuable fuel and food 
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from CO2 using algal photosynthesis and bio-harvesting. It 

is unique in that it addresses carbon capture and recycle as 

well as the production of ethanol, biofuels, animal feed 

protein, and fertilizer in a single integrated plant. 
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