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Abstract 

The issue of man-made weather changes and the release of substances that harm the ozone 

layer are currently having a direct impact on the global energy market. Biofuels' drying 

and flocculation are also taken into account. Several distinct studies looked into the usage 

of vent gases in the establishment of green growing biomass. As environmental CO2 

concentrations rise, higher harmony groups of broken-down CO2 are formed in normal 

waters, resulting in proportional rises in hydrogen particle and bicarbonate fixations and 

falls in hydroxyl particle and carbonate concentrations. In addition to these consequences 

of environmental change, the uncommon idea of carbon cycling in seaside zones can lead 

to occasional and daily fluctuations in pH and CO2 fixations that may be greater than those 

projected for uncontrolled marine biological systems before the century is over. However, 

some HAB species or maybe strains respond to elevated CO2 concentrations by speeding 

up their growth and producing more toxins in their cells, whereas other HAB species or 

strains are unaffected. Algal physiology is anticipated to be significantly impacted by 

changes in pH in normal waters, in addition to the effects of changed C concentrations and 

speciation on HABs. 
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1. Introduction  

Recently, there has been a lot of attention paid to the study of how elevated carbon dioxide 

(CO2) levels affect the growth and development of micro and macroalgal species. 

Understanding how algae species, particularly those separated from tropical regions, 

respond to high CO2 levels is crucial given the growing concern about environmental 

change and its effects on the climate. The global carbon cycle, oxygen production, and 

overall health of ocean habitats all depend critically on green growth. In order to predict 

the future components of these biological systems, understanding how they respond to 

shifting CO2 fixations is of utmost significance. 

Various algae species that thrive in warm, nutrient-rich environments are found in tropical 

locations. These areas are characterized by high levels of daylight and moderate 

temperatures, which provide ideal conditions for algae growth. Researching the possible 

effects for algal networks in these crucial ecosystems is essential as global CO2 

concentrations are rising due to anthropogenic activities. 

By affecting algal photosynthetic activity and nutrient uptake, elevated CO2 levels can 

directly affect algal physiology and development rates. For photosynthesis, green growth 

uses CO2 as a carbon hotspot, and increased CO2 accessibility can improve their growth 

and vital product production. Investigating the specific factors and elements that affect an 

algal species' development and development is crucial since the responses of different algae 

species to high CO2 levels can vary drastically. 

Beyond their specific physiological reactions, increased CO2 has an impact on both micro 

and macroalgal species. Algal population changes can have a cascading effect on the 

functioning of the entire food chain and biological system. For instance, changes in the 

composition and productivity of the local algal community might affect the availability of 

food resources for higher trophic levels, such as fish and spineless invertebrates, which rely 

on green growth as a primary food source. Therefore, understanding how elevated CO2 

levels affect algal growth and improvement is important for determining the anticipated 

effects on the entire tropical oceanic biological system. 
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In this review, we'll assess the impact of higher CO2 levels on the growth and development 

of tropical-region-isolated micro- and macroalgal species. We will examine these algae 

species' physiological responses, development rates, biomass production, and potential 

changes in local area organization by subjecting them to varying CO2 concentrations in 

controlled research center investigations. Additionally, we will look into the unnoticed 

factors that contribute to the observed reactions, such as modifications to carbon storage 

mechanisms, dietary supplement uptake, and metabolic pathways. 

The results of this investigation will help us better understand how tropical algae species 

may adapt to or respond to future changes in CO2 fixation. Additionally, the results will 

provide light on predictions regarding the expected alterations in algal local area 

components and environment due to global environmental change. Finally, this knowledge 

can help in the development of effective approaches for the management and preservation 

of tropical oceanic biological systems in the face of changing environmental conditions. 

2. Literature Review  

The development and metabolic profile of microalgae isolated from tropical wastewater are 

the main topics of the review by Lopes et al. (2018), which investigated the impact of high 

CO2. The researchers exposed the microalgae to various concentrations of CO2 and 

observed how they responded physiologically and biochemically. The findings 

demonstrated that increased CO2 levels significantly affected the microalgae's 

development rates and modified their metabolic profile, considering changes in lipid 

content and unsaturated fat arrangement. This work highlights the potential benefits of 

higher CO2 fixations on microalgal development and suggests their likely application in 

the generation of biofuels and wastewater treatment. 

In a focus by Sawall et al. (2015), the experts looked at a Red Ocean coral species' 

phenotypic adaptability and ability to adapt to a latitudinal temperature slope. As a result 

of climatic change, the review hoped to understand how corals can adapt to rising water 

temperatures. The findings showed that the coral species had a wide range of phenotypic 

flexibility, enabling them to adapt to diverse temperature settings. However, the study also 
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showed that corals' ability to adapt has its limits, suggesting potential challenges for their 

prolonged endurance in environments of rapid warming. 

Ho and Wong (2019) oversaw a comprehensive meta-analysis to evaluate the effects of 

increased CO2 on tropical marine macroalgae. They assessed the macroalgae's overall 

response to elevated CO2 levels by fusing data from other studies. The meta-analysis 

showed that increased CO2 concentrations significantly impacted the growth and 

photosynthetic rates of tropical marine macroalgae. The focus also highlighted variations 

in species-explicit reactions and the relevance of taking into account several factors, such 

as supplement accessibility and light power, when determining the macroalgae's overall 

response to increased CO2. 

A review was commissioned by Riebesell et al. (2007) to examine the increased organic 

carbon use in a sea with high CO2 levels. The scientists looked at how various marine life 

types, such as phytoplankton and zooplankton, responded to increased CO2 levels. 

According to the analysis, higher rates of organic carbon use led to increased carbon 

sequestration in the water when CO2 concentrations were increased. Insightful links 

between increasing CO2, marine organic matter, and the carbon cycle are highlighted in 

these discoveries, underscoring the implications for the global carbon equilibrium and 

environmental change. 

The goal of Duarte et al.'s (2013) review was to understand how anthropogenic influences 

on seawater pH and the notion of sea fermentation as an uncontrolled sea state. The authors 

looked into the factors that contribute to changes in seawater pH, such as increased 

barometrical CO2 concentrations and supplement runoff from land-based activities. To 

examine the effects of sea fermentation on various marine biological systems, including 

estuaries and beach front areas, they examined current writing. 

3. Micro and Macro Algae—Algae's Use in Carbon Dioxide Capture: A 

Justification 

The relevance of promoting green growth across a number of businesses, especially the 

energy sector, is enormous. Due to its rapid development and ability to store lipids, green 
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growth has come to be thought of as a type of endless fuel. The research by Kumar, B. 

Ramesh, et al. demonstrates both the potential and the typical hard constraints of a fuel like 

natural green growth. Table 1 displays the results of a general and intensive examination 

of several forms of green growth. 

 

 

Table 1: Algal proximate and final analyses (ad, wt%). 

 

Green growth microalgae have a very large energy capacity since they don't require 

complex, expensive conditions for upkeep and development, and the cost of non-

inexhaustible fuel is economically acceptable. In the case of macroalgae, the development 

of such harvests appears to be an unduly simple task. On the beach, where there is a lot of 

sunlight, they can develop right in front of your eyes. In any event, you can address the 

irregularity problem here. Macroalgae development during low-sun periods is a specific 

problem. The limited advantage of the project must also be built, and the cost of yeast and 
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other useful microscopic organisms must be reduced, in order to market this form of energy 

as a business project. 

There are many ways to create green growth, with bioreactors and big bodies of water being 

two popular choices. To thrive, the environment must be almost ideal for green growth. 

There are specific conditions for each species of microalgae. Large bodies of water are, 

according to studies, the ideal environments for green development like spirulina and 

dunaliella. The prokaryotic and eukaryotic green growth that are typically filled in a supply 

include Nannochloropsis sp., Chlorella sp., Tetraselmis sp., Arthrospira platensis, 

Dunaliella salina, Scenedesmus sp., Haematococcus pluvialis., and Anractenaba sp. 

According to the authors, seawater is a better environment for microalgal growth than 

freshwater. The fundamental reason for this is the significant lack of fresh water in the 

planet. Low amounts of the nutrients phosphate and nitrogen, which are crucial for the 

production of green growth, are one problem with the formation of green growth in 

saltwater. As a result, the topic of commercializing green growth bioenergy is raised 

because it will be expensive to solve the phosphate and nitrogen content issue. The review 

concentrated on the Indian subcontinent, where the environment is ideal for the rapid 

development of several species of microalgae. Tests for strain were not conducted using 

seawater or standing salt showers. 

There has been a long history of development for microalgae. As we'll see below, green 

growth has a few benefits for the creation of bio-oil. The complexity and cost of producing 

microalgae outweigh the drawbacks of using them as a source of energy, so if they are to 

be produced in open normal lakes, the normal living space of green growth should also be 

taken into consideration in addition to the key factors for the efficient development of 

biomass, such as light, temperature, and pH. 

4.  Micro- and macroalgae as a Source of Energy 

Green-growing plants are the ones that grow the quickest on Earth. Green growth can 

effectively collect carbon, making it a potential biofuel. By adhering to the specific 

development parameters that will be discussed below, biofuels can be produced from green 
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growth. The utilization of green growth as a source for biofuel has been thoroughly 

examined in a number of studies. For instance, in order to address green growth for modern 

and energy-related goals, Mathimani, Thangavel, and colleagues examined several 

thermochemical techniques. The advantages of employing cyanobacteria, macroalgae, and 

microalgae as an energy source are covered by Plouviez, Maxence, and colleagues. Figure 

1 illustrates the primary benefits of employing green growth as bio-oil. Also of particular 

importance are the findings of studies done on various species of green growth with relation 

to their lipid profiles. Their preliminary research indicates that Nannochloropsis sp. is the 

species of green growth from Kuantan's coastline that is best suited for the manufacture of 

biodiesel. A freshwater macroalga called Rhizoclonium sp. was also concentrated for usage 

as a biodiesel energy source. The option for the producers was to use ultrasonic treatment 

to acquire 6.044 g of macroalgae oil in addition to accelerating the manufacture of 

biodiesel. Another area of interest is the production of bioethanol from the majority of 

macroalgae. The two-way separate hydrolysis and maturation technique was applied to 

aging in this review. This research has the potential to demonstrate how well-suited 

macroalgae are to the production of bioethanol. 

 

Figure 1: The benefits of making bio-oil from algae. 
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On the globe, biofuels constitute a plentiful supply of irregular energy. Biofuels are 

advantageous since they are infinite, sulfur-free, and biodegradable. Biofuels are a low-

density, high sparkle point energy source. Because of this, green growth biofuels are a 

promising energy source. Green growth can be used to generate biofuel through 

thermochemical processing. 

Thermochemical treatment of green growth provides the following advantages over other 

types of biofuels: high lipid content, which cannot be spoken of harvests from the ground; 

lack of competition with original biofuels (agrarian goods) because of concentrated 

development; high retention of CO22. Pyrolysis, hydrolysis, carbonation, aqueous 

liquefaction, and direct burning are the five distinct categories of thermochemical reactions. 

Aqueous liquefaction has been found to be the most effective technique for enhancing fluid 

capacities, according to Mathimani, Thangavel, and colleagues. Table 2 displays the 

arrangement of the microalgae ignition components after 30 minutes at 500 °C. 

Table 2: The composition of the byproducts produced by burning algae for 30 minutes at 

500 °C. 
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Microalgae soaking in pipe gases is a method that has recently gained favor all over the 

world for lowering carbon dioxide emissions. Of the five main forms of thermochemical 

treatment, supercritical gasification is the best suitable for producing combination gas, a 

gas fuel. The calorific value, volume, and quality of biofuel are all directly impacted by the 

choice of the type of green growth. When gasification takes place at high temperatures, it 

becomes possible to obtain heat and electricity, for instance, by calculating their combined 

age. Two methods of gasification exist: supercritical gasification, which utilizes more 

drying, and ordinary gasification, which needs less drying. In accordance with past 

research, the calorific value of mix gas can only be increased by gasifying microalgae along 

with other materials, such wood. Additionally, it has been discovered that supercritical 

gasification is often appropriate for the energy production of microalgae. 

Also must be mentioned is the importance of the thermochemical carbon dioxide recovery 

processes. Carbon dioxide has a beneficial effect on the pyrolysis and gasification processes 

in terms of regulating the H22 production, claim researchers Parvez, Ashak Mahmud, et al. 

Significant biological benefits result from adding carbon dioxide as an unprocessed 

component since it lowers the overall carbon dioxide emission. Despite all of the positive 

qualities, the usage of carbon dioxide during thermochemical transformation is constrained 

by the endothermic nature of the gasification reactions. High energy costs could be the 

outcome of this restriction. Utilizing high level carbon biofix and sequestration gasification 

technology, up to 90% of CO22 can be permanently stored. 

Another cycle of thermochemical transformation is pyrolysis, which is the process by 

which biomass decomposes in a setting devoid of an oxidizing oxidant. Pyrolysis results in 

the arrangement of gas, oil, and burn. The pyrolysis interaction can occur at temperatures 

between 400 and 700 °C, while the gasification cycle can occur at temperatures above 900 

°C. Additionally, the thermochemical processing of green growth for the creation of 

biochar should be considered. Biochar is a potent material created by the pyrolysis of 

biomass in the environment with the partial or entire expulsion of oxygen. Choosing the 

ideal reaction temperature is the primary challenge in producing high-quality biochar in big 

numbers. 
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5.  Response to elevated CO2 varies by species and strain  

Concentrates typically concentrate on comparisons across genera or species when 

investigating the effects of CO2 levels on physiological rates and hazardous contents. A 

rising body of evidence, however, points to the existence of remarkable variations within 

and between taxa, species, and even strains. Studies on dangerous and non-harmful strains 

of Microcystis aeruginosa in response to elevated CO2 and the activation of CCM 

components provide examples of this. Sandrini et al. (2016) developed five distinct strains 

of Microcystis aeruginosa in chemostats, initially using equal amounts of each for 175 days 

under either 100 mol/mol CO2 absolute gas or 1000 mol/mol CO2. In high CO2, however, 

strains with just the low liking CCM piece, one of which produced the cyanotoxin 

microcystin, largely replaced them. In low CO2, strains with both CCM sections tended to 

predominate. It is noteworthy that Microcystin may be involved in Microcystis adaptation 

to changes in outer CO2 emphasis. Based on the development rates as a part of the inorganic 

carbon grouping of the single resist at the start and end of the 175 days, Sandrini et al. 

(2016) did not determine whether hereditary change had occurred. 

The aforementioned studies are quite recent, and as a result, the reactions, such 

incorporating various methods of articulating a stable genome through various recordings, 

are already commonplace. Furthermore, long-term phytoplankton studies have been carried 

out over periods of time (10–33 months for the anticipated 300–1000 years for unicellular 

green growth partitioning roughly once per day), allowing for hereditary (and epigenetic 

modification) controls at current CO2 with high CO2 treatments. The filamentous 

poisonous diazotroph Trichodesmium is also emphasized because it exhibits an irreversible 

(by returning to control CO2) expansion in growth rate and N2 fixation after more than 500 

years of evolution in high CO2. Although it hasn't always been the case, at least in some of 

these experiments, some of the high CO2 genotypes showed characteristics that could be 

regarded as adaptations to high CO2, such as faster development at high CO2 than the 

control genotypes. 

Wears out et al. (2013) isolated four potentially harmful dinoflagellates from a beachside 

algal sprout, grew them under high or low pCO2 for a year, and discovered areas of strength 
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for no for wellness builds due to the molding broke up CO2 fixations. However, hazardous 

green growth has not been the subject of the majority of longer-term tests. Flores-Moya et 

al. (2012) grew two clonal forms of the dangerous dinoflagellate Alexandrium minutum 

over 200 years at two temperature (20 and 25 °C) and pH (7.5 and 8.0) levels to examine 

hereditary alterations related to elevated CO2. The disparities in development rates among 

treatments were truly critical because the stated development rates of the two strains were 

dropping in the request: (1) prepared and determined at 25 degrees Celsius and pH 7.5 > 

(2) estimated from development at pH 8.0 and 20 °C at pH 7.5 and 25 °C > (3) produced at 

a pH of 8.0 and a temperature of 20. The discrepancy between (2) and (1) was explained 

by hereditary variation, but the contrast between (2) and (3) was explained by phenotypic 

acclimation, so that 32% of the difference between (1) and (3) was explained by acclimation 

and 68% by transformation. 

Even if the existence of CCMs in raphidophytes cannot yet be confirmed, there is evidence 

that high CO2 environments promote the incidence of HABs created by this class of green 

growth. In one field trial, the fatal microalga Vicicitus globosus, for instance, benefited 

significantly from marine fermentation, boosting its overflow in common small fish 

networks at CO2 levels greater than 600 atm and causing blooms over 800 atm CO2. 

During development, H. akashiwo cells exposed to high CO2 concentrations showed 

descending swimming behavior more than cells exposed to ambient CO2 concentrations. 

For certain groups showing an increase in development and poison production at low 

pH/high CO2 breakdown and other groups demonstrating superior poison production at 

high pH, P. multiseries has accounted for strain-explicit differences in changes in poison 

production connected to high CO2. Although the two groups' culture strategies varied, 

some altered society pH by adding corrosive or base substances directly, while others added 

CO2, hypothesizing that the improved poison creation was related to abundant carbon from 

high CO2, a result that was predictable with Van de Waal's stoichiometric speculation for 

poison creation. The deadly prymnesiophycean Prymnesium parvum, which has three 

separate species, responds differently to low pH/high CO2 broken apart. If incapacitated 

shellfish poisons have a higher negative effect on the health of the tasty mussel Mytilus 
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chilensis, any increased poison production during marine fermentation would have a more 

detrimental effect on track organic beings. 

6. Conclusion  

Overall, a fundamental topic of investigation is the assessment of the impact of high CO2 

levels on the growth and improvement of isolated micro- and macroalgal species from 

tropical locations. The studies looked at demonstrate that elevated CO2 concentrations can 

influence algal physiology and growth. The response of macroalgae varied depending on 

species and ecological conditions, whereas microalgae isolated from tropical wastewater 

displayed expanded development rates and changed biochemical profiles under elevated 

CO2 levels. In addition, the material that has been proofread emphasizes the necessity to 

consider the connections between increasing CO2 and other ecological stresses, like as 

temperature and supplement accessibility. Foreseeing the future components of tropical 

oceanic habitats requires an understanding of the specific processes and variables 

impacting the response of algae species to increasing CO2. This knowledge can guide 

executives' efforts to preserve these settings' health and ability to function while the 

environment is changing. To unravel the complexities of algal responses to high CO2 and 

its implications for the larger biological local region, more research is necessary. 

 

References  

1. Aichele, R.; Felbermayr, G. Kyoto and the carbon footprint of nations. J. Environ. 

Econ. Manag. 2012, 63, 336–354.  

2. Bauer, A.; Menrad, K. Standing up for the Paris Agreement: Do global climate targets 

influence individuals’ greenhouse gas emissions? Environ. Sci. Policy 2019, 99, 72–79.  

3. Chowdhury, H.; Loganathan, B. Third-generation biofuels from microalgae: A review. 

Curr. Opin. Green Sustain. Chem. 2019, 20, 39–44.  

4. Duarte, C. M., Hendriks, I. E., Moore, T. S., et al. (2013). Is ocean acidification an 

open-ocean syndrome? Understanding anthropogenic impacts on seawater pH. 

Estuaries and Coasts, 36(2), 221-236. 



 

110 | P a g e  
 

5. Hasan, M.M.; Chongbo, W. Estimating energy-related CO2 emission growth in 

Bangladesh: The LMDI decomposition method approach. Energy Strategy Rev. 2020, 

32, 100565.  

6. Ho, S. Y., & Wong, C. Y. (2019). Effects of elevated carbon dioxide (CO2) on tropical 

marine macroalgae: A meta-analysis. Scientific Reports, 9(1), 1-9. 

7. Khayyam, U.; Nazar, U. Energy production and CO2 emissions: The case of coal fired 

power plants under China Pakistan economic corridor. J. Clean. Prod. 2021, 281, 

124974.  

8. Kuriyama, A.; Abe, N. Ex-post assessment of the Kyoto Protocol–quantification of CO2 

mitigation impact in both Annex B and non-Annex B countries. Appl. Energy 2018, 220, 

286–295.  

9. Lopes, V. M., Novais, S. C., Martins, D. A., et al. (2018). Elevated CO2 concentration 

as a factor influencing the growth and biochemical profile of microalgae isolated from 

tropical wastewater. Algal Research, 32, 21-31. 

10. Maamoun, N. The Kyoto protocol: Empirical evidence of a hidden success. J. Environ. 

Econ. Manag. 2019, 95, 227–256.  

11. Paiva, S.L.; Savi, M.A.; Viola, F.M.; Leiroz, A.J. Global warming description using 

Daisyworld model with greenhouse gases. Biosystems 2014, 125, 1–15.  

12. Riebesell, U., Schulz, K. G., Bellerby, R. G., et al. (2007). Enhanced biological carbon 

consumption in a high CO2 ocean. Nature, 450(7169), 545-548. 

13. Sawall, Y., Al-Sofyani, A., Hohn, S., et al. (2015). Extensive phenotypic plasticity of a 

Red Sea coral over a strong latitudinal temperature gradient suggests limited 

acclimatization potential to warming. Scientific Reports, 5, 8940. 

14. Xu, C.; Wang, H.; Li, X.; Zhou, W.; Wang, C.; Wang, S. Explosion characteristics of a 

pyrolysis biofuel derived from rice husk. J. Hazard. Mater. 2019, 369, 324–333.  

15. Zheng, J.; Fan, J.; Zhang, F.; Guo, J.; Yan, S.; Zhuang, Q.; Cui, N.; Guo, L. Interactive 

effects of mulching practice and nitrogen rate on grain yield, water productivity, 

fertilizer use efficiency and greenhouse gas emissions of rainfed summer maize in 

northwest China. Agric. Water Manag. 2021, 248, 106778.  

 



 

111 | P a g e  
 

      Author’s Declaration 

I as an author of the above research paper/article, hereby, declare that the content of this paper is prepared by me and if 

any person having copyright issue or patentor anything otherwise related to the content, I shall always be legally 

responsible for any issue. For the reason of invisibility of my research paper on the website/amendments/updates, I have 

resubmitted my paper for publication on the same date. If any data or information given by me is not correct, I shall 

always be legally responsible. With my whole responsibility legally and formally I have intimated the publisher 

(Publisher) that my paper has been checked by my guide(if any) or expert to make it sure that paper is technically right 

and there is no unaccepted plagiarism and the entire content is genuinely mine. If any issue arise related to 

Plagiarism/Guide Name/Educational Qualification/Designation/Address of my university/college/institution/Structure or 

Formatting/ Resubmission / Submission /Copyright / Patent/Submission for any higher degree or Job/ Primary 

Data/Secondary Data Issues. I will besolely/entirely responsible for any legal issues. I have been informed that the most 

of the data from the website is invisible or shuffled or vanished from the data base due to some technical fault or hacking 

and therefore the process of resubmission is there for the scholars/students who finds trouble in getting their paper on the 

website. At the time of resubmission of my paper I take all the legal and formal responsibilities, If I hide or do not submit 

the copy of my original documents (Aadhar/Driving License/Any Identity Proof and Photo) in spite of demand from the 

publisher then my paper may be rejected or removed from the website anytime and may not be consider for verification. 

I accept the fact that as the content of this paper and the resubmission legal responsibilities and reasons are only mine 

then the Publisher (Airo International Journal/Airo National Research Journal) is never responsible. I also declare that if 

publisher finds any complication or error or anything hidden or implemented otherwise, my paper may be removed from 

the website or the watermark of remark/actuality may be mentioned on my paper. Even if anything is found illegal 

publisher may also take legal action against me 

 
       SHANTANU PRAKASHRAO BAGMARE  

 

 

******* 


