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ABSTRACT: The goals of long-term development would necessitate intervention on a number of fronts, like harnessing 

and using the potential of technological innovation. Carbon capture and recycling technologies, more efficient irrigation 

methods, essential medicines, domestic water purification devices, and manufacturing processes that eliminate pollution 

and degradation are only a few examples of such advances. This paper compares the environmental impacts of carbon 

capture and storage (CCS) as well as carbon capture and utilization (CCU) approaches. For this purpose, research on life 

cycle evaluation from the various literature have been discussed. There are a total of 27 reports, 11 of which are about CCS 

and 16 about CCU. CCS data shows that plants are decreasing their Global Warming Potential (GWP) by 63 percent to 82 

percent, with combustion of oxygen-fuel in pulverized coal or IGCC plants obtaining the greatest reduction and retrieval 

after combustion in collective sequence gas turbine plants with smallest reductions. CCS is better than without 

environmental factors. CCU GWP varies widely depending on how it is used. The mineral carbonation reduces from 4 to 

48 percent in comparison with no CCU.     

KEYWORDS: CCS, CCU, Climate, Post-Combustion, Sustainable Development.  

INTRODUCTION 

Sustainable development has a long tradition of rural development; it was developed and defined by the 

World Commission on Environment and Development (WCED) in 1987 as "development that meets the 

needs of the current without jeopardizing the capacity of future generations to fulfill the needs."  The 

United Nations Climate and Sustainability Conference (UNCED), which was recognized in 199 as the 

'Earth Summit,' in Rio de Janeiro, has agreed to establish a framework to set the SDGs, a useful tool to 

achieve cohesive and cohesive progress for sustainable development. 

1. Requirement of Sustainable Development: 

Poverty remains mostly a rural issue, with the bulk of the world's poor residing in rural areas. It is 

estimated that 76 percent of the developed world's poor reside in rural areas, far exceeding the total 

population share residing in rural areas, which is only 58 percent. Poverty severely restricts the amount 

and consistency of food that people can buy. Workers in developed countries often earn just $1 to $2 a 

day with less money in those nations, economic demand for food is smaller, resulting in lower levels of 

either food production or distribution. In contrast, environmental constraints such as land supplies, water 

and electricity make the rural area scenario more complex. 

2. Dimensions and Key Policy Goals of Sustainable Development: 

In 2012, the high-level UN Global Sustainability Panel developed the most coherent and uniform review 

of concepts common to any context of sustainable development: 

 It should have a similar nature to deal with problems that are not only developing countries but all 

countries involved. 

 A globally accepted global long-term growth strategy should be established. 

 It might comprise number of main fields that were not completely protected by the millennium 

development goals (MDGs). 

 It should be detailed, incorporating all three dimensions of sustainable development. 

 It could have near-term benchmarks while still being long-term in nature, with a possible 2030 

deadline. 

 It should include both stakeholders in the execution and resource mobilization.  

http://www.jetir.org/


© 2019 JETIR March 2019, Volume 6, Issue 3                                                        www.jetir.org (ISSN-2349-5162) 

JETIREW06041 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 301 
 

 It should allow for periodic reviews of these objectives in light of new scientific data. On the 

other hand, defining a set of quantitative metrics proved difficult during the current analysis. 

Since metrics are developed from the dimensions of sustainable growth, the researchers 

discovered that there are no universal criteria for the number and types of dimensions within 

organizations. 

 

3. Challenges, accomplishments and barriers in implementing Sustainable Development goals:  

The high-level panel on global sustainability has provided a thorough overview of success in sustainable 

growth, with the following primary indicators described. 

3.1.Primary Indicators: 

 

3.1.1. Global Prosperity and Inequalities:  

The world's total gross domestic product (GDP) rose by 75% over the last two decades, but inequality has 

increased continuously. 

3.1.2. Poverty Eradication:  

The planet is well on the way to meeting the MDGs. 

3.1.3. Forests:  

While the rate of deforestation has slowed, the planet is still losing land cover at an unprecedented rate. 

3.1.4. Ocean Resources:  

Overfishing is now known as overexploited or entirely abused, a condition that is far greater than it was 

two decades earlier. 

3.1.5. Climate Change:  

Annual global 𝐶𝑂2 emissions increased 38% between 1990 and 2009, implying a possible temperature 

rise of 50 Celsius. 

3.1.6. Biodiversity and Ecosystems:  

Research suggests that most forests are declining, and the rate of species extinction seems to be 

increasing. 

3.1.7. Gender:  

While women's freedom, schooling, health, and labor conditions have improved significantly, there are 

still persistent disparities in all communities. 

3.1.8. Education:  

Major change has been made in education around the world. Literacy rates are increasing worldwide, but 

change is sluggish. 

 

3.1.9. Hunger:  

Global food production has kept pace nowadays, enough food is produced to adequately sustain all of us; 

however, access to food is a different story.  

The last few decades have seen drastic developments in technology, which have affected other fields of 

research, traditions, and cultural interactions, as well as collateral consequences in the climate, which 

have generated new possibilities and challenges. 

3.2.Possibilities and Challenges: 

3.2.1. The Green Revolutions:  

The green revolutions environmental and social costs (Institute for Food and Development Policy 2009). 
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3.2.2. Climate Change:  

Climate change poses a threat to both countries and individuals. 

3.2.3. Environmental Destruction:  

Environmental destruction is reflected as the depletion of productive soils, desertification, and 

unsustainable land management, among other items. 

3.2.4. Changes in The World Economy:  

Since the global economy is intertwined, no nation is resistant to events in the broader global economy. 

3.2.5. Accountability and Responsiveness:  

Institutions at all levels face new pressures from people who doubt whether they are working in the long 

run in the public interest. 

3.2.6. Nature and Life Support in 2050:  

Two-thirds of the world's population lives in water stress, and urban air quality is deteriorating globally. 

3.2.7. Food Security:  

Persistent hunger is fundamentally not a matter of more food rather it is a matter of availability. The 

single most critical area that can be tackled with relative simplicity is waste. 

4. Innovation in Technology for Sustainable Development:  

Meeting the goals of long-term development would necessitate intervention on a number of fronts, like 

harnessing and using the potential of technological innovation. Carbon capture and recycling 

technologies, more efficient irrigation methods, essential medicines, domestic water purification devices, 

and manufacturing processes that eliminate pollution and degradation are only a few examples of such 

advances. While some necessary innovations at the national scale can be fostered by existing public and 

private mechanisms, such efforts have not proved sufficient to attain global sustainability objectives, 

particularly when they address the needs of the worst, most vulnerable or marginalized people worldwide 

in coming generations. Quite often, innovation either is inadequately developed or unavailable to end-

user demands due to lack of an adequately sustainable market. This education initiative aims to increase 

knowledge and appreciation of how to improve the "economic innovation environment" for inclusive 

sustainable development technologies. Researchers are comparing how well the market does in fulfilling 

five sustainable growth needs, with a focus on equity[1][2]. 

The existing literature tends to agree that reform, particularly policy that focuses on long-term technology 

advancement, necessitates the use of a variety of instruments. Security flaws in emerging socio-technical 

processes include not only business imperfections (such as harmful environmental impacts), but also 

structural and transformational system defects. Some examples include structural limitations, a lack of 

quality in the actor base, skill differences, and a lack of collaboration among key actors. Figure 1 shows 

the various phases of technical development and presents three broad types of instruments and their 

corresponding roles in the technological policy process. 

 Technology-push instruments that make it easier to obtain simple and applied information inputs, 

such as pilot plants, patent law, tax cuts, and so on. 

 Instruments such as government service, feed-in tariffs, guidelines, and other demand-pull 

processes that facilitate the creation of new markets as well as the proliferation of new 

technologies. 

 Systemic instruments which provide infrastructure, facilitate stakeholder alignment, encourage 

policy and mission growth, and provide operational solutions to innovation framework functions.  
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Figure 1: Illustrates the part of various policy instrument in developing new technologies. 

5. Technologies to Capture CO2:  

𝐶𝑂2 is generated throughout combustion, and the form of combustion has a substantial impact on the 

𝐶𝑂2 removal mechanism that is selected. 𝐶𝑂2 capture technologies are affordable, but they are usually 

expensive, approximately 70% to 80% including its overall cost of a complete CCS system that requires 

capture, transportation, and handling. As a result, significant R&D initiatives are being directed toward 

lowering running costs and the electricity charge. There exist three forms i.e., after combustion, pre-

combustion, including oxy-fuel capture systems, which include different combustion processes. Figure 2 

shows the three technologies and explores them in the following areas. 

 

Figure 2: Process diagram of capturing carbon. There exist three forms i.e., after combustion, 

pre-combustion, including oxy-fuel capture systems, which include different combustion 

processes [3].   

6. Post-combustion: 

This method removes 𝐶𝑂2 according to flue gas after ignition. This process of removing 𝐶𝑂2 are the 

ideal method to be considered for new power plants. On a small scale, the method has been reviewed, 

with 𝐶𝑂2 recovery rates of up to 800 t/day. However, the heavy parasitic load is the key impediment to 

post-combustion 𝐶𝑂2 capturing. According to the US National Engineering Laboratory, after capture of 

𝐶𝑂2the cost of generating electricity is increased by 70 percent. The latest study has shown that the cost 

of electricity for gas and coal-fired plants would increase respectively by 32 percent and 66 percent. 16 
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large scale CCS programmes are either in progress or operating and post-combustion methodologies are 

practiced in just two of them. 

7. Pre-combustion:    

Pre-treatment of fuel takes place in this phase before combustion. Pretreatment of coal entails a 

gasification process conducted around under low oxygen conditions, resulting in a syngas primarily 

composed of CO as well as 𝐻2, where there are plenty of toxic gases (Equation 1). The syngas will then 

undergo a water gas transformation reaction with steam, producing more 𝐻2 and converting the CO gas 

to a strong 𝐶𝑂2 content throughout the fuel gas mixture of 𝐻2 or 𝐶𝑂2 attempting to make 𝐶𝑂2 separation 

simpler. 

 

The 𝐻2 would then be burning in the air, often producing 𝑁2 as well as water vapor. In coal-fired 

advanced gasification integrated cycle power plants pre-combustion capturing could be employed, but it 

will reduce production by 7 to 8%. A roadmap of IGCC technology improvements has been developed 

with the goal of improving IGCC efficiency to the point that it matches or exceeds current IGCC 

technology whilst avoiding collecting data [4].  

 

Figure 3: Soluble amine-based absorption captures carbon dioxide from flue gas. In coal-fired 

advanced gasification integrated cycle power plants pre-combustion capturing could be employed 

[Power-Eng /Optimizing post combustion carbon capture]. 

 

8. Combustion of Oxy-fuel: 

The benefit of this approach is the significant reduction in thermal NOx. 𝐶𝑂2 , water, pollutants, and 𝑆𝑂2 

are the key constituents of flue gases since pure oxygen has been used for combustion. Orthodox 
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electrostatic precipitators as well as flue gas desulphurization could be used to isolate particulates and 

𝑆𝑂2. This system consumes a large amount of oxygen from an energy-intensive air separation machine 

even though technically feasible. As a result, the price is prohibitive, and when compared to plants 

without CCS, the power penalty will exceed 7 percent. In addition, high levels of the flue gas will 

compound the issue of corrosion of the device (Figure 4). 

 

Figure 4: Illustrates the Oxy-fuel combustion system. Oxygen is used for combustion in oxy-fuel 

combustion [5]. 

9. Transportation of CO2: 

Once 𝐶𝑂2 has been isolated from the other flue gas elements, it must be shipped to a storage location or 

to facilities for commercial use. Whatever the ultimate destination of 𝐶𝑂2, a dependable, secures, and 

economically viable transportation infrastructure is a critical module of CCS project. A selection of 

means of transportation, ranging through storage tanks to ships as well as pipelines, could be used 

depending on the quantity involved. The origin of 𝐶𝑂2 is a power station with a lifetime of more over 23 

years, pipelines are by far the most efficient means of transporting 𝐶𝑂2. Hydrates could mound valves 

and compressors, causing them to malfunction. Corrosion rates of carbon steel, which is commonly used 

in pipeline manufacturing, have been estimated to be as high as 10 mm/year. Only a few certain pipelines 

are currently used to carry 𝐶𝑂2. The Cortez pipeline, that has been shipping 20 million metric tonnes of 

𝐶𝑂2 every year from a renewable substance in Colorado to oil wells in Denver Town, Texas, after 1983, 

is the largest. Pipelines in water depths are normally not allowed to be submerged till they are just under 

400 millimeters [6]. 

10. Future Perspectives: 

CCS is among the possible technology options for achieving the 2050 anthropogenic climate change 

target of 2 degrees Celsius. For potential technological rollout, science research and practice growth, as 

well as limited test testing, are critical. The results reported in the journal are critical for CCS application 

adoption and monetization. It's worth noting that a particular aspect on combustion process was written in 

2014, including over 20 papers selected from the second international conference regarding chemical 

looping. Another fresh special issue towards this subject has also been planned. The confusion 

surrounding global climate change negotiations will have an effect on large-scale CCS demonstration 

projects. However, inaction on greenhouse gas pollution reduction (not only on CCS, but also on other 

technologies) would greatly raise possible prices. Under these circumstances, it is far more essential for 

engineers and scientists all over the world to show the role of R&D in fostering innovation and 

technological advancement in CCS. In order to make crucial knowledge available for future large-scale 

CCS execution of the project, applied energy will need to play a significant role in interacting and 

encouraging innovative ideas and innovation in CCS. 
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DISCUSSION & CONCLUSION 

The life cycles environmental impacts of different CCS and CCU alternatives for the collection, 

transportation, and use of CO2 generated by power plants and other industrial sources were examined in 

this paper. Post and pre-conversion recovery, as well as oxy-fuel combustion, are the primary CO2 

capture options. Post-conversion capturing using chemical absorption through monoethanolamine (MEA) 

is the most sophisticated and widely used technique, especially inside the power generation sector. 

However, utilization as well as regeneration of MEA contributes significantly to CO2 emissions and 

associated global warming opportunities, so one of the problems for both CCS and CCU is the growth of 

more environmentally friendly sorbents. The collected CO2 may be deposited in geological deposits or in 

the oceans, a process known as geological storage. Since the effects of depleted oil and gas deposits and 

deep groundwater aquifers are more well understood, the former appears to be a more viable option. It is 

uncertain, in fact, how dumping in the oceans will impact acidity and aquatic organisms. CO2 could be 

used directly inside a number of industrial markets, including the foodservice and pharmaceutical 

industries, in addition to being stored. It could also be used to manufacture high-demand products such as 

urea, methanol, as well as biofuels. The findings for the other environmental effects differ between 

experiments. However, the vast majority of respondents indicated that the plants with CCS had greater 

impacts. This is mostly attributed to intensified coal mining as well as shipping to offset energy 

production losses incurred by CCS, MEA refining, and ammonia emissions released during adsorption 

processes in MEA. Although, various research has been carried out but there is vast scope of more 

research in this field. 
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