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Despite the growing affordability of renewable energy, fossil fuels remain the 
largest source of global power supply, providing two-thirds of the world’s 
electricity. This is especially true in developing countries that lack the 
infrastructure for large-scale adoption of renewable technologies. This highlights 
the crucial role of carbon capture in mitigating the effect of greenhouse gases on 
the environment, while non-renewable energy sources remain dominant.  
 
This thesis evaluated the economic viability of microalgae as a biological 
method for carbon capture by drawing comparisons with chemical technologies 
used today.   
 
The study conducted a comprehensive analysis of literature reviews, 
simulations, small-scale pilot tests, and real-life projects to thoroughly examine 
the costs per tonne of CO2 captured using chemical capture technologies and 
microalgae. Chemical methods were categorized based on their CO2 source: 
either from effluent gas or directly from the atmosphere. For each category, 
notable real-life projects were examined, including the Quest project in Alberta, 
Canada, and the Orca plant in Iceland.  
 
The findings indicated that the cost of capturing CO2 from effluent gas typically 
ranges from $40 to $80 per tonne, whereas costs for atmospheric capture are 
higher, ranging from $100 to $300 per tonne, however, real-life projects for both 
methods have higher costs, closer to $100 and $1000 respectively. For 
Microalgae, secondary sources suggest that the costs per tonne for microalgae 
capture are significantly higher than those for chemical methods, ranging from 
$800 to $1600, and even under the most favourable conditions are not 
expected to drop below $225. 
 
The adoption of microalgae as a biological capture method is highly dependent 
on the market value of the biomass produced, which could help offset the high 
capital and capture costs. In its current stage, however, microalgae cannot 
financially compete with chemical carbon capture technologies.  
 
 
 
 
Key words: chemical carbon capture, biological capture method, microalgae, economic 

viability, effluent gas 
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1 INTRODUCTION 

 

Carbon capture and storage (CCS) is a technology aimed at reducing 

greenhouse gas emissions, contributing significantly to the mitigation of climate 

change. It involves capturing carbon dioxide (CO2) emissions produced from the 

burning of fossil fuels in electricity generation or industrial processes and 

factories, preventing CO2 from entering the atmosphere. The captured CO2 is 

then transported and stored in geological formations deep underground or sold 

to industries where the CO2 can be re-purposed. (Metz et al., 2005) 

 

Historically, CCS has been a controversial technology, primarily due to concerns 

about its effectiveness, costs, and public perception. Initially, there was significant 

scepticism regarding its potential as a viable solution for mitigating climate 

change impacts. This scepticism was fueled by uncertainties surrounding the 

technology's long-term storage security, the risks and environmental impacts of 

CO2 leakage, and the high energy requirements for CO2 capture and storage 

processes. Public perception also played a significant role, with low awareness 

and concerns about the safety of CCS technologies hindering broader 

acceptance and deployment. (Tcvetkov et al., 2019; Aminu et al., 2017).  

 

However, as research and development in the field have advanced, CCS is 

beginning to show more promise. Technological advancements and successful 

pilot projects have demonstrated its potential to significantly reduce CO2 

emissions from industrial sources and power generation. The development of 

more efficient capture technologies, improvements in storage monitoring and 

safety, and the exploration of utilisation pathways for captured CO2 have 

contributed to a more optimistic outlook on CCS. This evolving perception of CCS 

is supported by a growing amount of research and literature that highlights the 

technical feasibility, environmental benefits, and the crucial role CCS could play 

in achieving global climate targets. (Seigo et al., 2014; Snæbjörnsdóttir et al., 

2020) 

 

Although renewable energy sources are becoming more affordable, coal and gas 

power plants still produce nearly two-thirds of the world's electricity, a proportion 

that has not changed significantly since 2000. Since then, the amount of power 
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generated from fossil fuels has surged by 70%, driven by a continuous increase 

in global electricity demand (IEA, 2020). The continuing dominance of coal and 

gas in global power generation, coupled with the sector's significant contribution 

to global CO2 emissions, highlights the essential role of carbon capture 

technologies, including chemical and biological approaches, in cutting CO2 

emissions while ensuring the continuation of energy production. 

 

Chemical and biological carbon capture technologies represent two pivotal 

approaches in the effort to reduce atmospheric CO2 levels.  

Chemical carbon capture involves the use of solvents or other chemical 

processes to directly remove CO2 from industrial or power plant emissions before 

they are released into the atmosphere. This category includes processes such 

as post-combustion capture, where CO2 is absorbed by a solvent after 

combustion, and oxy-fuel combustion, which burns fuel in pure oxygen to produce 

a stream of CO2 and water vapour that is easier to separate. (Metz et al., 2005).  

On the other hand, biological carbon capture takes advantage of the natural 

photosynthetic processes of plants and algae to absorb CO2 from the air or 

directly from emission sources. This approach includes a range of strategies, 

such as the cultivation of microalgae capable of sequestering CO2. (Falkowski et 

al., 2000) 

The fundamental difference between these approaches lies in their mechanisms 

of capture. While chemical methods directly interact with emission streams 

through engineered solutions, biological techniques utilise living organisms to 

assimilate CO2 as part of their natural growth processes. This distinction not only 

affects the efficiency and scalability of each method but also influences their 

environmental impacts and integration into existing energy systems. (Metz et al., 

2005; Smith et al., 2016). 

Microalgae cultivation has emerged as a promising biological method for carbon 

capture, leveraging the natural photosynthetic capabilities of microalgae to 

absorb CO2 from the atmosphere and industrial emissions. Unlike terrestrial 

plants, microalgae have higher photosynthetic efficiency and can grow rapidly in 

various environments, making them highly effective at sequestering carbon 

(Chisti, 2007). These microorganisms can be cultivated in controlled 

environments such as photobioreactors or open ponds, where they convert CO2 

into biomass, which can then be used for biofuels, animal feed, and other 
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valuable by-products (Wang et al., 2008). The potential for microalgae to capture 

CO2 directly from flue gases without the need for pre-treatment further enhances 

their appeal as a sustainable and scalable carbon capture solution (Farrelly et al., 

2013). However, while the environmental benefits are well-documented, the 

economic feasibility of this technology remains a critical factor for its widespread 

adoption and is the primary focus of this thesis. 

 

The following research questions will dictate this research process: 

 

1. What are the current and projected costs of traditional chemical carbon 

capture technologies, both from flue gas and directly from the 

atmosphere? 

2. Can microalgae-based carbon capture achieve cost parity with chemical 

capture technologies in the future? 

 

This Thesis aims to explore the economics of chemical carbon capture 

technologies and draw comparisons with microalgae cultivation costs to evaluate 

the financial feasibility of the latter. Selecting the specific chemical capture 

technologies to be compared is crucial to understand both the well-documented 

side of carbon capture, as well as more recent and innovative technologies. For 

this thesis, capture from both effluent gas and directly from the atmosphere will 

be analyzed. 
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2 METHODOLOGY 

 

Data collection from literature reviews on existing studies and case studies on 

carbon capture projects from around the world serve as the foundation for 

evaluating the economics of conventional capture methods, and whether 

microalgae can financially compete with these technologies.  

 

The analysis will focus on chemical carbon capture technologies, analysing 

literature reviews alongside actual data from existing capture plants. This 

approach allows for a detailed examination of established methods, such as 

amine-based absorption, calcium looping, and direct air capture. This will provide 

a grounded comparison point to evaluate microalgae. The financial viability of 

microalgae cultivation will be assessed through a review of current studies and 

reports. This dual analysis aims to determine the practicality and economic 

potential of utilizing microalgae as an alternative carbon capture strategy, 

comparing it against the established benchmarks of traditional methods. 
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3 CHEMICAL CARBON CAPTURE 

 

Amine-based carbon capture is a post-combustion capture technology where 

CO2 is removed from flue gas through chemical reactions with amine solutions, 

allowing for the selective capture and subsequent release of CO2 for storage or 

use (Rochelle, 2009). Post-combustion carbon capture involves capturing CO2 

from flue gas after the combustion process of the power plant. The flue gas is 

treated with solvents or other technologies to separate CO2, which can then be 

compressed and stored. This method can be applied to existing power plants and 

industrial facilities. (Cong Chao et al., 2020).  

 

Chemical looping carbon capture is another advanced capture technology that 

involves a cyclic process using metal oxides to capture CO2 from fossil fuel 

combustion. An oxygen carrier, typically a metal oxide such as iron oxide or 

calcium oxide, is alternately oxidized and reduced in separate reactors (Adánez 

et al., 2012). During the reduction phase, the metal oxide reacts with a fuel, such 

as coal or natural gas, producing CO2 and water while converting the metal oxide 

into its reduced form. The reduced metal is then transported to an oxidation 

reactor where it is re-oxidized with air, releasing pure CO2 and regenerating the 

metal oxide for reuse. This process allows for efficient separation of CO2 from 

flue gases without the need for energy-intensive solvent regeneration, making it 

a promising technology for reducing greenhouse gas emissions from power 

plants and industrial processes (Czakiert et al., 2022). 

 

Direct Air Capture (DAC) is a capture technology that involves capturing carbon 

dioxide directly from the atmosphere. This method uses chemical and/or physical 

filters that react with CO2 in the air to form compounds that can be processed to 

release concentrated CO2 for storage or utilization (Keith et al., 2018). The air is 

then released back into the atmosphere, now with lower CO2 levels. DAC is 

notable for its flexibility, as it can be deployed independently of emission sources, 

making it suitable for various geographic locations (US Department of Energy, 

n.d.).  
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The primary factors contributing to the costs of traditional chemical carbon 

capture technologies include capital expenditures for installation, operational 

expenses, energy consumption, and maintenance costs. The economic viability 

is also influenced by the market prices of energy and raw materials, regulatory 

frameworks, and potential revenue streams from carbon credits or by-products 

(Rochelle, 2009; Keith et al., 2018). Understanding these cost components and 

their interactions is essential for assessing the long-term sustainability and 

financial practicality of implementing these technologies at scale. 

 

Financial incentives and regulatory frameworks also play a crucial role in 

enhancing the adoption and implementation of carbon capture technologies. By 

reducing the economic barriers and providing financial support, these 

mechanisms are essential for encouraging industries and energy producers to 

invest in carbon capture solutions. Policies such as tax credits, subsidies, and 

grants are designed to offset the high initial costs associated with deploying these 

technologies and make them more competitive with traditional energy sources. 

Congressional Research Service, 2020) 

 

One example of such financial incentives is the 45Q tax credit in the United 

States. This tax credit is specifically aimed at carbon capture, utilization, and 

storage projects, offering a monetary credit for each ton of carbon dioxide that is 

captured and sequestered or utilized in various ways. The credit provides up to 

$50 per ton for CO2 permanently stored in geological formations and $35 per ton 

for CO2 used in enhanced oil recovery or other end uses (Congressional 

Research Service, 2020). This substantial financial incentive is designed to lower 

the cost barrier for companies looking to invest in carbon capture technologies 

and to stimulate the industry by making projects more economically feasible. 

 

The 45Q tax credit and many other similar incentives have been pivotal for 

enhancing the economic viability of carbon capture projects. By providing this 

economic incentive, the government helps to bridge the gap between the 

operational costs of carbon capture technologies and their financial returns, 

encouraging more widespread adoption and investment in this crucial climate 

technology. As industries increasingly focus on reducing their carbon footprints, 
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such financial mechanisms are instrumental in promoting the shift towards more 

sustainable and environmentally friendly practices. (IEA, 2023) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



12 

 

3.1 Effluent Gas Capture 

 

The Petra Nova Carbon Capture Project, located near Houston, Texas, is one of 

the largest and most successful examples of amine-based carbon capture 

technology. This project captures CO2 emissions from a coal-fired power plant 

by diverting a portion of the flue gas to a separate facility where it is treated with 

amine solvents. The captured CO2 is then compressed and transported via an 

82-mile pipeline to the West Ranch oil field, where it is injected into the 

underground reservoir for enhanced oil recovery (EOR). The Petra Nova project, 

which started capturing CO2 in January 2017, has demonstrated the potential to 

capture approximately 1.4 million tonnes of CO2 per year, thereby significantly 

reducing the plant's carbon footprint (DOE, 2021).  

The Quest Carbon Capture and Storage (CCS) Project, located in Alberta, 

Canada, represents another good example in the field of amine-based carbon 

capture and storage. In the process of turning thick heavy oil (called bitumen) 

from the oil sands in Alberta into synthetic crude oil, the plant captures 

approximately 35% of the post-combustion CO2 of the Scotford Upgrader, which 

is then transported via a 65km long pipeline. At the 3 well points, the liquid CO2 

is injected more than 2 kilometres underground into the Basal Cambrian 

Sandstone, a deep saline aquifer, again for EOR. (Open Government Program, 

2024). The Quest project has a licensed injection volume of 27 MT of CO2 and 

started capturing CO2 in September 2015, capturing around 1 Mt of CO2 each 

year. (Open Government Program, 2024) 

The addition of CO2 into existing oil fields increases the pressure of the reservoir, 

forcing the oil towards production wells. The CO2 can also mix with the oil and 

increase its mobility, allowing for better flow (IEA 2019). 

 

The main cost factors associated with this amine-based technology and chemical 

carbon capture, in general, include the capital investment required for installation, 

the energy penalty of running the project, and other operating expenses such as 

maintaining and repairing the plant if necessary.  

The estimated cost of the Petra Nova capture facility is $65 per tonne of CO2 

captured, compared to the Quest plant, which had a significantly higher average 

of $102.5 between 2016 and 2022 (IEA, 2021). A deeper analysis found the 

cause of this to be the rising operational costs of the Quest plant. The trend is 
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especially noticeable from 2020 onwards, which suggests that operating costs 

are a significant driver of the overall cost increase. The majority of this cost comes 

from the purchase and use of energy; power, steam, and cooling water. (Open 

Government Program, 2024) 

It should also be noted that the Petra Nova plant was shut down between May 

2020 and September 2023. Taking only the costs of Quest carbon capture before 

2020 when Petra Nova was closed, the average cost is $89.3 for the Quest plant.  

 

Based on a techno-eco assessment by Yun et al. of the costs of amine-based 

carbon capture, the cost per tonne of captured CO2 was calculated to be $62.8 

for the year 2015 (Yun et al, 2022). Several other literature reviews and studies 

such as techno-eco assessments by Ramezan et al. and Jung & Lee have 

reported similar results (Ramezan et al. 2007) (Jung & Lee, 2022).  

A case study analyzing the commercial feasibility of PacifiCorp's Hunter Plant in 

the United States evaluated 3 cases with different capture ratios, 48%, 65%, and 

90%. The respective cost per tonne of captured CO2 was found to be $74, $61, 

and $50 (Panja et al., 2022). Developing the technology further and reducing the 

usage of water steam and power, the cost can be brought down to $47.1-

$50.6/tonne of CO2 captured (Zheng et al., 2020) (Jiang et al., 2021).  

 

A techno-economic analysis in which a simulated chemical looping capture plant 

was evaluated found a CO2 capture cost of $27.5 per tonne. The simulation was 

done using Aspen Plus (Ogidiama, 2018). Another techno-economic assessment 

of chemical looping combustion revealed CO2 capture costs of approximately 

$81 per tonne using synthetic oxygen carriers and $43 per tonne for natural ore 

carriers, highlighting the significant cost advantage of natural ores over synthetic 

materials in this technology (Fleiß et al., 2024)  

 



14 

 

 

Figure 1. Cost of Capture from Flue Gas 

 

Figure 1 shows the cost per tonne of carbon capture from effluent gas from 

various literature sources, simulations, and real-life projects. From the graph, it is 

visible that the average cost per tonne ranges between $40-$80, while keeping 

in mind that current real-life projects have a slightly higher average, at around 

$100. 
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3.2 Direct Air Capture 

 

The current cost estimates for Direct Air Capture (DAC) in literature are quite 

broad, ranging from $100 to $1000 per tonne of CO2 captured (Realmonte et al., 

2019). This wide range reflects the variability in specific technologies, the purity 

of the CO2 output, and design differences among DAC systems. Factors such as 

the scale of deployment, energy sources, and technological maturity also 

significantly influence the cost, making it challenging to pinpoint a definitive cost 

for DAC without considering these variables. Another reason DAC is significantly 

more expensive than other carbon capture methods is due to the dilute 

concentration of CO2 in the atmosphere compared to sources like flue gas (IEA 

2022). Typically, flue gas contains 8-15% CO2, whereas the concentration of CO2 

in the atmosphere is only 0.04% (Songolzadeh, 2024).  

 

Climeworks' Orca plant, located in Iceland, is currently the world's largest Direct 

Air Capture (DAC) facility, designed to capture CO2 directly from the atmosphere. 

The Orca plant, operational since 2021, captures approximately 4,000 tonnes of 

CO2 annually (Climeworks, 2021). In 2021, Climeworks co-founder Jan 

Wurzbacher initially projected reducing the cost of CO2 removal to $200 to $300 

per ton by the end of the decade, with further declines after that. However, at a 

summit in June 2023, he updated this estimate, indicating current costs exceed 

$1,000 per ton, with anticipated reductions to $400 to $700 per ton by the 

decade's end. The wide cost range is attributed to variable labour, energy, and 

storage expenses across different locations. Climeworks now aims to lower costs 

to $100 to $300 per ton by 2050, as the technology matures significantly 

(Pontecorvo, 2024). Climeworks is also exploring the use of renewable energy 

and waste heat from nearby industrial processes to further cut down operational 

expenses, enhancing the economic viability of DAC in the long term. 

(Climeworks, 2021) 

 

Based on a techno-economic assessment by Keith et al., the cost per tonne of 

captured CO2 using DAC was calculated to be between $94 and $232, 

depending on the technology and operational scale (Keith et al., 2018). The 

study, which analysed a 1 Mt-CO2/year direct air capture plant, found that 

smaller-scale operations tend to have higher costs due to lower economies of 
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scale, whereas larger, more optimized plants can achieve the lower end of this 

cost range. Additionally, the study highlighted that technological advancements 

and increased operational experience could further reduce costs over time. 

 

Other literature reviews and studies, such as those conducted by Fasihi et al. and 

Realmonte et al., reported similar results. Fasihi et al. estimated DAC costs to 

range from $100 to $300 per tonne of CO2, emphasizing the impact of renewable 

energy prices on overall capture costs, as DAC is highly energy-intensive. The 

assessment also claimed that prices could reach below $50 per tonne of CO2 

captured by 2040, as the technology becomes more efficient. (Fasihi et al., 2019).  

 

 

Figure 2. Cost of Capture from the Atmosphere 

 

Figure 2 displays the cost per tonne of capturing carbon directly from the 

atmosphere. Each point represents a different source, either from literature 

reviews and studies, simulations, or real-life projects. It is visible from the graph 

that the average cost per tonne ranges between $100-$300. However, those 

values are largely from literature, while real-life projects have costs closer to 

$1000, though they are expected to drop significantly in the next decade or two 

(Climeworks, 2021).  
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4 MICROALGAE CULTIVATION 

 

Microalgae are photosynthetic microorganisms that convert CO2 into biomass, 

thus acting as a carbon sink. Their ability to sequester carbon comes from 

photosynthesis, where they use light energy to fix CO2 into organic compounds, 

such as carbohydrates, proteins, and lipids (Zhao & Su, 2020). The efficiency of 

microalgae in carbon fixation is significantly higher than terrestrial plants, up to 

50 times higher, making them a strong tool for atmospheric CO2 reduction 

(Shukla et al., 2017).  

 

In the context of power generation, microalgae can utilize CO2 from industrial flue 

gases, offering a direct method for reducing emissions from sources like power 

plants and factories. The ability of microalgae to grow in high CO2 concentrations, 

including those present in flue gases, highlights their potential in industrial carbon 

capture and sequestration applications (Cheah et al., 2015). This dual benefit of 

treating industrial emissions while producing biomass for biofuels or other 

bioproducts presents a sustainable model for biological carbon management. 

 

Photobioreactors (PBRs) represent an advanced approach to the cultivation of 

microalgae, offering controlled environments that optimize growth conditions and 

enhance photosynthetic efficiency. These closed systems allow for the precise 

regulation of light, temperature, CO2 supply, and nutrient delivery, factors critical 

to maximizing microalgae biomass production and CO2 fixation rates (Israel, 

2005). Unlike traditional open pond systems, PBRs minimize the risk of 

contamination and water evaporation, leading to higher biomass yields and more 

consistent product quality (Carvalho et al., 2006). 
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4.1 Costs 

 

Microalgae cultivation presents a promising biological approach to carbon 

capture, making use of the high photosynthetic efficiency of microalgae to absorb 

CO2 from the atmosphere and industrial emissions. However, the economic 

feasibility of this method remains a critical factor for its widespread adoption. 

Current cost estimates for microalgae-based carbon capture are significantly 

higher than traditional chemical methods, reflecting the early stage of technology 

development and the complexities involved in cultivation and processing. 

 

The economic viability of this technology is challenged by substantial initial capital 

costs, particularly those associated with the construction and installation of 

photobioreactors. These costs are the main contributors to the high expense of 

microalgae cultivation, which is estimated at $793 per ton of CO2 captured when 

using open ponds. This cost is excluding additional costs related to the 

transportation and storage of the resultant biomass (Alabi 2019)., A techo-

economic assessment done by Wilson et al. with an amortization period of 10 

years estimated that costs can reach up to $1,600 per ton of CO2, which 

underscores the need for more cost-effective culturing systems that are less 

expensive to build and install (Wilson et al., 2014). 

 

Even under the most favorable conditions, it is projected that the cost of capturing 

CO2 with algae will not fall below $225 per ton, while the production of biomass 

itself costs around $400 per ton. Despite these high costs, there is potential for 

offsetting expenses through the generation of valuable by-products from the 

biomass, such as biofuels and high-value chemicals (Wilson et al., 2014) (Alabi, 

2009).  

 

Moreover, utilizing flue gases directly for cultivating certain microalgae strains 

presents an opportunity to bypass the expensive step of CO2 separation. This 

method leverages the high CO2 concentrations in flue gases for more efficient 

microalgae growth, eliminating the need for separate CO2 purification processes 

(Farrelly et al., 2013). However, this direct utilization can subject algae to harsh 

conditions, potentially inhibiting growth if the gas contains contaminants like 

sulfur at concentrations as low as 50 ppm (Watanabe & Hall, 1996). 
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A life cycle and economic analysis by Cole et al. incorporating various scenarios 

that consider optimistic, baseline, and conservative assumptions, demonstrated 

carbon removal efficiencies ranging from 73% to 51%, with associated costs of 

carbon capture and sequestration ranging from $702, $822, to $1,585 per tonne 

of CO2 sequestered for the three scenarios respectively (Cole et al., 2023). The 

assessment also suggested that while current costs are high, there is a potential 

for significant reductions as technologies mature and efficiencies improve. 

 

A case study analyzing the commercial feasibility of microalgae cultivation at a 

pilot plant in Spain found the cost per tonne of captured CO2 to be approximately 

$809. This high initial cost was attributed to the growing state of the technology 

and the small scale of initial plants. However, the study projected that with scaling 

up and increased efficiency, the costs could be reduced to $232 per tonne 

(García et al., 2017). The study also mentioned that the use of low-cost 

renewable energy and integration with wastewater treatment could significantly 

lower operational costs. 

 

 

 

Figure 3. Cost of Capture using Microalgae 
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Figure 3 helps visualize the cost per tonne of carbon capture while making use 

of microalgae’s capture properties. Data from various literature sources, smaller 

scale simulations, and test runs allow for a range enough to understand the 

expected cost if this process is to utilized on a larger scale in the future. From the 

graph, it is visible that the average cost per tonne ranges between $800-$1600, 

values much higher than chemical capture technologies.  

 

Despite the potential for lower costs under optimistic conditions, the economic 

success of microalgae-based carbon capture will ultimately depend on the market 

value of the biomass produced. In environments where carbon taxes are 

implemented and fossil fuel prices are high, the economics of producing biomass 

for biofuels become more favourable, potentially making microalgae cultivation a 

more attractive solution for CO2 mitigation (Aresta et al., 2005). The financial 

feasibility of microalgae as a biological carbon capture strategy depends on 

advances in technology, cost reductions in infrastructure, and the broader 

economic and regulatory context that can enhance the value of its by-products. 
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5 COMPARISONS 

 

Assessing the economic feasibility of various carbon capture technologies, it is 

crucial to consider the financial aspects of each method based on their per-tonne 

costs of CO2 captured. A comparison between traditional chemical carbon 

capture technologies and microalgae cultivation reveals significant differences in 

cost-effectiveness and scalability potential from a financial perspective. 

 

Chemical carbon capture technologies present a range of costs. Flue gas capture 

technologies are generally more cost-effective, with costs varying from $27.5 to 

$102.5 per tonne depending on the specific technology and operational scale 

(Ogidiama, 2018; Open Government Program, 2024). Direct Air Capture 

operates at a significantly higher cost due to the dilute concentration of CO2 in 

the atmosphere compared to flue gases. Costs for DAC range broadly from $100 

to $1000 per tonne (Realmonte et al., 2019; Keith et al., 2018). Despite these 

high costs, technological advancements and increased operational scale are 

expected to reduce costs, with estimates suggesting a potential decrease to 

around $94 to $232 per tonne (Keith et al., 2018).  

 

Microalgae cultivation, on the other hand, presents the highest costs among the 

discussed technologies, with estimates ranging from $702 to $1600 per tonne of 

CO2 captured (Cole et al., 2023). These costs are largely driven by substantial 

initial capital investments required for setting up photobioreactor infrastructure, 

alongside the ongoing costs of cultivation and processing. Even in the best case 

scenario, the cost of capturing CO2 with is not expected to fall below $225 per 

ton, which is still considerably higher than current chemical carbon capture. 

(Wilson et al., 2014). 
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Figure 4. Comparison of Cost of Capture by Method 

 

Figure 4 combines the results of all methods of carbon capture explored in this 

thesis. Each point represents a different source of data. It is evident from the 

graph that at its current stage, microalgae can not financially compete with 

chemical forms of carbon capture, with its cost ranging from 5-20 times higher, 

depending on the specific technology and source of information.  

Comparing these technologies, it is clear that chemical carbon capture methods, 

particularly those involving flue gas, are currently more economically feasible due 

to lower operational and capital costs. Microalgae, while being the most 

expensive option currently, holds potential for cost reductions through 

technological advancements and operational efficiencies, especially if methods 

to utilize flue gases directly can be optimized, thus eliminating the need for 

separate CO2 purification steps (Farrelly et al., 2013).  
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6 DISCUSSION  

 

In exploring the economic feasibility of microalgae as a biological carbon capture 

technology, this thesis addresses several critical questions about the current 

costs, potential for achieving cost parity with traditional methods, and the 

influence of financial incentives and regulatory frameworks. The financial viability 

of microalgae cultivation for carbon capture depends on these factors, and 

through this analysis, insights are made into the economic challenges and 

opportunities that shape this approach. 

 

The cost of microalgae cultivation for carbon capture is considerably higher than 

traditional chemical carbon capture methods. This high cost is primarily due to 

the substantial capital investment required for photobioreactor infrastructure and 

its installation. Current cost estimates show that capturing CO2 using microalgae 

in open ponds can be as high as $793 per ton of CO2, which does not account 

for the transportation and storage of the resultant biomass (Alabi, 2009). Even 

under the most optimistic scenarios, costs are not expected to fall below $225 

per ton, with biomass production itself costing around $400 per ton (Wilson, 

2014). However, the potential for generating additional income from valuable by-

products derived from biomass could help offset these high costs of mitigation. 

 

Regarding the potential for microalgae to achieve cost parity with traditional 

chemical capture technologies, the analysis reveals a challenging perspective. 

Even with advancements in technology and operational efficiencies, the cost of 

cultivating microalgae remains high. However, the direct utilization of flue gases 

for cultivating certain strains of microalgae presents a promising avenue to 

reduce costs by eliminating the expensive CO2 separation step (Farrelly et al., 

2013). This method not only lowers the cost of pre-treatment but also harnesses 

higher CO2 concentrations directly from emission sources, which could enhance 

the overall economic feasibility of this approach. 

 

Financial incentives and regulatory frameworks significantly impact the adoption 

of microalgae as a cost-effective carbon capture technology. The 45Q tax credit 

in the United States is an example of how financial incentives can help bridge the 

gap between the high initial costs associated with deploying new technologies 
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and their long-term financial benefits. By providing monetary credits for each ton 

of CO2 captured and sequestered or utilized, such incentives make projects more 

economically attractive and viable (Congressional Research Service, 2020). 
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7 CONCLUSION 

 

In conclusion, this thesis has explored the economic feasibility of microalgae as 

a biological carbon capture solution in comparison with traditional chemical 

carbon capture technologies. Through extensive financial analysis and 

comparison, it is evident that while microalgae present an alternate solution for 

biological carbon capture, the economic barriers currently limit its widespread 

adoption. 

 

The findings from the thesis suggest that even under the most favourable 

conditions the cost of capturing CO2 with microalgae is not expected to fall below 

$225 per ton, which remains considerably higher than that of chemical methods. 

For microalgae to become a financially viable option, technological 

advancements and innovations that reduce overall costs are essential. 

Supportive regulatory frameworks and financial incentives such as tax credits and 

subsidies could also play a crucial role in enhancing the economic attractiveness 

of microalgae-based carbon capture technologies. Finally, the market value of 

the biomass produced will be a driving factor for the future adoption of this 

biological capture process.  

 

Future research should focus on the development of more cost-effective 

cultivation technologies and the integration of microalgae systems with industrial 

processes to optimize carbon capture efficiencies and reduce costs. Additionally, 

pilot projects and collaborations with industries could provide practical insights 

into the scalability and operational challenges of implementing microalgae-based 

carbon capture on a larger scale.  

 

To improve this thesis, further research could broaden the scope to include more 

recent and innovative microalgae cultivation technologies and pilot projects. 

Collecting primary data through collaboration with industries currently deploying 

these technologies would enhance the accuracy and relevance of the findings. 

Additionally, long-term studies on the operational efficacy and economic impacts 

of large-scale implementations would provide deeper insights into the 

sustainability and practical challenges faced by microalgae-based carbon capture 

technologies. Including other factors, such as the environmental impacts (land 
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usage, water usage, etc.) could also allow for a more holistic view of the 

technologies. 

 

Overall, while microalgae in its current stage of development cannot financially 

compete with chemical carbon capture processes, future research must be done 

to gain a better and deeper understanding of its potential.  



27 

 

REFERENCES  

Abu-Zahra, M. R. M., Schneiders, L. H. J., Niederer, J. P. M., Feron, P. H. M., & 
Versteeg, G. F. (2007). CO2 capture from power plants. International Journal of 
Greenhouse Gas Control, 1(1), 37–46. https://doi.org/10.1016/S1750-
5836(06)00007-7 

 

Adanez, J., Abad, A., Garcia-Labiano, F., Gayan, P., & de Diego, L. F. (2012). 
Progress in Chemical-Looping Combustion and Reforming technologies. 
Progress in Energy and Combustion Science, 38(2), 215–282. 
https://doi.org/10.1016/j.pecs.2011.09.001 

 
Alabi, A. O., Tampier, M., & Bibeau, E. (2009). Microalgae technologies and 

processes for bioenergy production in british columbia: Current technology, 
suitability & barriers to implementation. Final Report Submitted to the British 
Columbia Innovation Council, 1–88. 

 
Aminu, M. D., Nabavi, S. A., Rochelle, C. A., & Manovic, V. (2017). A review of 

developments in carbon dioxide storage. Applied Energy, 208, 1389–1419. 
https://doi.org/10.1016/j.apenergy.2017.09.015 

 
Can CO2-EOR really provide carbon-negative oil? – Analysis. (n.d.). IEA. Retrieved 

March 13, 2024, from https://www.iea.org/commentaries/can-co2-eor-really-
provide-carbon-negative-oil 

 
Canada, N. R. (2016, February 23). Shell Canada Energy Quest Project. Natural 

Resources Canada. https://natural-resources.canada.ca/science-and-
data/funding-partnerships/funding-opportunities/current-investments/shell-
canada-energy-quest-project/18168 

 
Carbon Capture Projects: Success Stories from Around the World - Verde AgriTech - 

Blog (english). (2023, August 24). https://blog.verde.ag/en/carbon-capture-
success-stories/ 

 
Carbon Dioxide Separation from Flue Gases: A Technological Review Emphasizing 

Reduction in Greenhouse Gas Emissions—PMC. (n.d.). Retrieved May 25, 2024, 
from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3947793/ 

 
Carvalho, A. P., Meireles, L. A., & Malcata, F. X. (2006). Microalgal reactors: A review 

of enclosed system designs and performances. Biotechnology Progress, 22(6), 
1490–1506. https://doi.org/10.1021/bp060065r 

 
Chao, C., Deng, Y., Dewil, R., Baeyens, J., & Fan, X. (2021). Post-combustion carbon 

capture. Renewable and Sustainable Energy Reviews, 138, 110490. 
https://doi.org/10.1016/j.rser.2020.110490 

 
Chisti, Y. (2008). Biodiesel from microalgae beats bioethanol. Trends in 

Biotechnology, 26(3), 126–131. https://doi.org/10.1016/j.tibtech.2007.12.002 
 
Cole, G. M., Greene, J. M., Quinn, J. C., McDaniel, B., Kemp, L., Simmons, D., 

Hodges, T., Nobles, D., Weiss, T. L., McGowen, J., & McDaniel, S. (2023). 
Integrated techno-economic and life cycle assessment of a novel algae-based 

https://doi.org/10.1016/S1750-5836(06)00007-7
https://doi.org/10.1016/S1750-5836(06)00007-7
https://doi.org/10.1016/j.pecs.2011.09.001
https://doi.org/10.1016/j.apenergy.2017.09.015
https://www.iea.org/commentaries/can-co2-eor-really-provide-carbon-negative-oil
https://www.iea.org/commentaries/can-co2-eor-really-provide-carbon-negative-oil
https://natural-resources.canada.ca/science-and-data/funding-partnerships/funding-opportunities/current-investments/shell-canada-energy-quest-project/18168
https://natural-resources.canada.ca/science-and-data/funding-partnerships/funding-opportunities/current-investments/shell-canada-energy-quest-project/18168
https://natural-resources.canada.ca/science-and-data/funding-partnerships/funding-opportunities/current-investments/shell-canada-energy-quest-project/18168
https://blog.verde.ag/en/carbon-capture-success-stories/
https://blog.verde.ag/en/carbon-capture-success-stories/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3947793/
https://doi.org/10.1021/bp060065r
https://doi.org/10.1016/j.rser.2020.110490
https://doi.org/10.1016/j.tibtech.2007.12.002


28 

 

coating for direct air carbon capture and sequestration. Journal of CO2 Utilization, 
69, 102421. https://doi.org/10.1016/j.jcou.2023.102421 

 
Czakiert, T., Krzywanski, J., Zylka, A., & Nowak, W. (2022). Chemical Looping 

Combustion: A Brief Overview. Energies, 15(4), Article 4. 
https://doi.org/10.3390/en15041563 

 
dataset—Open Government. (n.d.). Retrieved April 17, 2024, from 

https://open.alberta.ca/dataset?q=&sort=score+desc 
 
Direct Air Capture 2022 – Analysis. (n.d.). IEA. Retrieved May 25, 2024, from 

https://www.iea.org/reports/direct-air-capture-2022 
 
Direct Air Capture Technology. (n.d.). Carbon Engineering. Retrieved May 28, 2024, 

from https://carbonengineering.com/our-technology/ 
 
DOE Explains...Direct Air Capture | Department of Energy. (n.d.). Retrieved May 23, 

2024, from https://www.energy.gov/science/doe-explainsdirect-air-capture 
 
Executive Summary – CO2 Emissions in 2023 – Analysis. (n.d.). IEA. Retrieved April 

4, 2024, from https://www.iea.org/reports/co2-emissions-in-2023/executive-
summary 

 
Farrelly, D. J., Everard, C. D., Fagan, C. C., & McDonnell, K. P. (2013). Carbon 

sequestration and the role of biological carbon mitigation: A review. Renewable 
and Sustainable Energy Reviews, 21, 712–727. 
https://doi.org/10.1016/j.rser.2012.12.038 

 
Fleiß, B., Priscak, J., Hammerschmid, M., Fuchs, J., Müller, S., & Hofbauer, H. (2024). 

CO2 capture costs of chemical looping combustion of biomass: A comparison of 
natural and synthetic oxygen carrier. Journal of Energy Chemistry, 92, 296–310. 
https://doi.org/10.1016/j.jechem.2024.01.048 

 
F. Zheng, R., Barpaga, D., M. Mathias, P., Malhotra, D., K Koech, P., Jiang, Y., 

Bhakta, M., Lail, M., Rayer, A. V., A. Whyatt, G., J. Freeman, C., J. Zwoster, A., 
K. Weitz, K., & J. Heldebrant, D. (2020). A single-component water-lean post-
combustion CO 2 capture solvent with exceptionally low operational heat and 
total costs of capture – comprehensive experimental and theoretical evaluation. 
Energy & Environmental Science, 13(11), 4106–4113. 
https://doi.org/10.1039/D0EE02585B 

 
Hack, J., Maeda, N., & Meier, D. M. (2022). Review on CO2 Capture Using Amine-

Functionalized Materials. ACS Omega, 7(44), 39520–39530. 
https://doi.org/10.1021/acsomega.2c03385 

 
How Climeworks’ Orca Project Is Really Going—Heatmap News. (n.d.). Retrieved 

May 25, 2024, from https://heatmap.news/economy/climeworks-orca-data-
carbon-removal-direct-air-capture 

 
Israel, A., Gavrieli, J., Glazer, A., & Friedlander, M. (2005). Utilization of flue gas from 

a power plant for tank cultivation of the red seaweed Gracilaria cornea. 
Aquaculture, 249(1), 311–316. https://doi.org/10.1016/j.aquaculture.2005.04.058 

https://doi.org/10.1016/j.jcou.2023.102421
https://doi.org/10.3390/en15041563
https://open.alberta.ca/dataset?q=&sort=score+desc
https://www.iea.org/reports/direct-air-capture-2022
https://carbonengineering.com/our-technology/
https://www.energy.gov/science/doe-explainsdirect-air-capture
https://www.iea.org/reports/co2-emissions-in-2023/executive-summary
https://www.iea.org/reports/co2-emissions-in-2023/executive-summary
https://doi.org/10.1016/j.rser.2012.12.038
https://doi.org/10.1016/j.jechem.2024.01.048
https://doi.org/10.1039/D0EE02585B
https://doi.org/10.1021/acsomega.2c03385
https://heatmap.news/economy/climeworks-orca-data-carbon-removal-direct-air-capture
https://heatmap.news/economy/climeworks-orca-data-carbon-removal-direct-air-capture
https://doi.org/10.1016/j.aquaculture.2005.04.058


29 

 

 
Jiang, Y., Mathias, P. M., Freeman, C. J., Swisher, J. A., Zheng, R. F., Whyatt, G. A., 

& Heldebrant, D. J. (2021). Techno-economic comparison of various process 
configurations for post-combustion carbon capture using a single-component 
water-lean solvent. International Journal of Greenhouse Gas Control, 106, 
103279. https://doi.org/10.1016/j.ijggc.2021.103279 

 
Keith, D. W., Holmes, G., St. Angelo, D., & Heidel, K. (2018). A Process for Capturing 

CO2 from the Atmosphere. Joule, 2(8), 1573–1594. 
https://doi.org/10.1016/j.joule.2018.05.006 
 

Ogidiama, O. V., Abu Zahra, M., & Shamim, T. (2018). Techno-Economic Analysis of 
a Carbon Capture Chemical Looping Combustion Power Plant. Journal of Energy 
Resources Technology, 140(112004). https://doi.org/10.1115/1.4040193 

 
Open Government Program | Alberta.ca. (2024, April 29). 

https://www.alberta.ca/open-government-program 
 
Panja, P., McPherson, B., & Deo, M. (2022). Techno-Economic Analysis of Amine-

based CO2 Capture Technology: Hunter Plant Case Study. Carbon Capture 
Science & Technology, 3, 100041. https://doi.org/10.1016/j.ccst.2022.100041 

 
Petra Nova—W.A. Parish Project. (n.d.). Energy.Gov. Retrieved May 24, 2024, from 

https://www.energy.gov/fecm/petra-nova-wa-parish-project 
 
Quest Carbon Capture and Storage. (n.d.). Retrieved March 13, 2024, from 

https://www.shell.ca/en_ca/about-us/projects-and-sites/quest-carbon-capture-
and-storage-project.html 

 
Realmonte, G., Drouet, L., Gambhir, A., Glynn, J., Hawkes, A., Köberle, A., & Tavoni, 

M. (2019). An inter-model assessment of the role of direct air capture in deep 
mitigation pathways. Nature Communications, 10. 
https://doi.org/10.1038/s41467-019-10842-5 
 

Rochelle, G. T. (2009). Amine Scrubbing for CO2 Capture. Science, 325(5948), 1652–
1654. https://doi.org/10.1126/science.1176731 

 
Section 45Q Credit for Carbon Oxide Sequestration – Policies. (n.d.). IEA. Retrieved 

May 30, 2024, from https://www.iea.org/policies/4986-section-45q-credit-for-
carbon-oxide-sequestration 

 
Shukla, S., Samchetshabam, G., Bharti, V., Govindarajan, R., & Wikramasinghe, W. 

(2017). Atmospheric Carbon Sequestration Through Microalgae: Status, 
Prospects, and Challenges. In Agro-Environmental Sustainability (pp. 219–235). 
https://doi.org/10.1007/978-3-319-49724-2_10 

 
Smith, P., Davis, S. J., Creutzig, F., Fuss, S., Minx, J., Gabrielle, B., Kato, E., Jackson, 

R. B., Cowie, A., Kriegler, E., Van Vuuren, D. P., Rogelj, J., Ciais, P., Milne, J., 
Canadell, J. G., Mccollum, D., Peters, G., Andrew, R., Krey, V., … Yongsung, C. 
(2016). Biophysical and economic limits to negative CO2 emissions. Nature 
Climate Change, 6(1), 42–50. https://doi.org/10.1038/nclimate2870 

 

https://doi.org/10.1016/j.ijggc.2021.103279
https://doi.org/10.1016/j.joule.2018.05.006
https://doi.org/10.1115/1.4040193
https://www.alberta.ca/open-government-program
https://doi.org/10.1016/j.ccst.2022.100041
https://www.energy.gov/fecm/petra-nova-wa-parish-project
https://www.shell.ca/en_ca/about-us/projects-and-sites/quest-carbon-capture-and-storage-project.html
https://www.shell.ca/en_ca/about-us/projects-and-sites/quest-carbon-capture-and-storage-project.html
https://doi.org/10.1038/s41467-019-10842-5
https://doi.org/10.1126/science.1176731
https://www.iea.org/policies/4986-section-45q-credit-for-carbon-oxide-sequestration
https://www.iea.org/policies/4986-section-45q-credit-for-carbon-oxide-sequestration
https://doi.org/10.1007/978-3-319-49724-2_10
https://doi.org/10.1038/nclimate2870


30 

 

Tcvetkov, P., Cherepovitsyn, A., & Fedoseev, S. (2019). Public perception of carbon 
capture and storage: A state-of-the-art overview. Heliyon, 5(12), e02845. 
https://doi.org/10.1016/j.heliyon.2019.e02845 

 
 
Wang, B., Li, Y., Wu, N., & Lan, C. Q. (2008). CO2 bio-mitigation using microalgae. 

Applied Microbiology and Biotechnology, 79(5), 707–718. 
https://doi.org/10.1007/s00253-008-1518-y 

 
Watanabe, Y., & Hall, D. O. (1996). Photosynthetic CO2 conversion technologies 

using a photobioreactor incorporating microalgae—Energy and material balances 
-. Energy Conversion and Management, 37(6), 1321–1326. 
https://doi.org/10.1016/0196-8904(95)00340-1 

 
Why carbon capture technologies are important – The role of CCUS in low-carbon 

power systems – Analysis. (n.d.). IEA. Retrieved March 5, 2024, from 
https://www.iea.org/reports/the-role-of-ccus-in-low-carbon-power-systems/why-
carbon-capture-technologies-are-important 

 
Wilson, M., Groppo, J., Placido, A., Graham, S., Morton, S., Santillan-Jimenez, E., 

Shea, A., Crocker, M., Crofcheck, C., & Andrews, R. (2014). CO2 recycling using 
microalgae for the production of fuels. Applied Petrochemical Research, 4, 41–
53. https://doi.org/10.1007/s13203-014-0052-3 

 
Yun, S., Oh, S.-Y., & Kim, J.-K. (2020). Techno-economic assessment of absorption-

based CO2 capture process based on novel solvent for coal-fired power plant. 
Applied Energy, 268, 114933. https://doi.org/10.1016/j.apenergy.2020.114933 

 
Zhao, B., & Su, Y. (2020). Macro assessment of microalgae-based CO2 

sequestration: Environmental and energy effects. Algal Research, 51, 102066. 
https://doi.org/10.1016/j.algal.2020.102066 

 
  

https://doi.org/10.1016/j.heliyon.2019.e02845
https://doi.org/10.1007/s00253-008-1518-y
https://doi.org/10.1016/0196-8904(95)00340-1
https://www.iea.org/reports/the-role-of-ccus-in-low-carbon-power-systems/why-carbon-capture-technologies-are-important
https://www.iea.org/reports/the-role-of-ccus-in-low-carbon-power-systems/why-carbon-capture-technologies-are-important
https://doi.org/10.1007/s13203-014-0052-3
https://doi.org/10.1016/j.apenergy.2020.114933
https://doi.org/10.1016/j.algal.2020.102066

	1 INTRODUCTION
	2 METHODOLOGY
	3 CHEMICAL CARBON CAPTURE
	3.1 Effluent Gas Capture
	3.2 Direct Air Capture

	4 MICROALGAE CULTIVATION
	4.1 Costs

	5 COMPARISONS
	6 DISCUSSION
	7 CONCLUSION
	REFERENCES

