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 Abstract 

The use of refrigerants in various applications, such as air conditioning, refrigeration, and 

heat pumps, has become an integral part of modern life. However, certain refrigerants have 

been identified as significant contributors to global warming and climate change. This 

research paper aims to provide a comprehensive examination of refrigerants and their impact 

on global warming. It begins with an overview of global warming and the role of refrigerants 

in exacerbating this phenomenon. The paper then delves into the classification of refrigerants 

and their environmental characteristics, including global warming potential (GWP) and 

ozone depletion potential (ODP). Additionally, the study explores the historical use and 

phase-out of refrigerants, discussing the impact of international agreements such as the 

Montreal Protocol and the Kigali Amendment. Furthermore, the research investigates the 

development of alternative refrigerants and emerging technologies that strive to mitigate 

global warming potential. Lastly, the paper highlights the challenges and opportunities of 

transitioning to sustainable refrigerant solutions and presents policy recommendations for 

minimising the environmental impact of refrigerants.                                                                                                                                              
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Introduction  

The refrigeration and air conditioning industries play a crucial role in our modern society by 

providing comfort and preserving food, medicine, and other perishable goods. However, the 

chemicals used as refrigerants in these systems have a significant environmental impact. 

Refrigerants are substances that absorb and release heat, enabling the cooling and heating 

processes in refrigeration and air conditioning systems. Traditionally, chlorofluorocarbons 

(CFCs) and hydrochlorofluorocarbons (HCFCs) were widely used as refrigerants due to their 

excellent thermodynamic properties. However, it was discovered that these chemicals 

contribute to the depletion of the ozone layer, which protects the Earth from harmful 

ultraviolet (UV) radiation. Consequently, an international agreement known as the Montreal 

Protocol was established in 1987 to phase out the production and use of ozone-depleting 

substances, including CFCs and HCFCs. As a result of the Montreal Protocol, the 

refrigeration and air conditioning industries transitioned to hydrofluorocarbons (HFCs) as the 

primary refrigerants. While HFCs do not deplete the ozone layer, they have a significant 
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impact on global warming. HFCs are potent greenhouse gases (GHGs) that have a high global 

warming potential (GWP), meaning they have a much greater warming effect than carbon 

dioxide (CO2) over a given timeframe. The link between refrigerants and global warming has 

gained increasing attention in recent years due to the growing recognition of the urgent need 

to mitigate climate change. The accumulation of GHGs in the atmosphere, including those 

emitted from refrigerants, is a leading cause of global warming and its associated 

consequences, such as rising temperatures, sea-level rise, and extreme weather events. 

Understanding the environmental impact of refrigerants and developing alternative solutions 

is crucial for reducing the carbon footprint of the refrigeration and air conditioning industry 

and mitigating climate change.                                                                                

Background 

The use of refrigerants dates back to the early 20th century, when synthetic chemicals such as 

chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) gained popularity due to 

their exceptional cooling properties and non-toxic nature. However, the discovery of their 

adverse effects on the ozone layer led to the implementation of the Montreal Protocol in 1987, 

which phased out the production and use of ozone-depleting substances. Subsequently, 

hydrofluorocarbons (HFCs) emerged as a substitute for ozone-depleting substances due to 

their ozone-friendly characteristics. However, it was soon realised that while HFCs do not 

deplete the ozone layer, they have a significant global warming potential (GWP) when 

released into the atmosphere. The GWP measures the heat-trapping capacity of a gas relative 

to carbon dioxide (CO2), with CO2 having a GWP of 1. The high GWP of HFCs and other 

refrigerants has raised concerns about their contribution to anthropogenic climate change. 

Classification of Refrigerants 

 

Organic Refrigerants and its impact  

Organic refrigerants, also known as natural refrigerants, are substances derived from natural 

sources that are used for cooling purposes. They have gained attention as an alternative to 

synthetic refrigerants, such as chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons 

(HCFCs), which have been found to contribute to ozone depletion and global warming. Here 

are some common organic refrigerants and their impacts: 

Inorganic

Organic

Azeotropic
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I. R717 Ammonia (NH3) Ammonia is one of the oldest and most widely used natural 

refrigerants. It has zero ozone depletion potential (ODP) and zero global warming potential 

(GWP), making it environmentally friendly. However, ammonia is toxic and can pose 

safety risks if not handled properly. 

II. R744 Carbon Dioxide (CO2) Carbon dioxide, or CO2, is a natural refrigerant that has 

gained popularity due to its low environmental impact. It has zero ODP and a GWP of 1, 

which means it does not contribute significantly to global warming. CO2-based 

refrigeration systems are energy-efficient but require higher operating pressures. 

III. Hydrocarbons: Hydrocarbons like propane (R290) and isobutane (R600a) are organic 

refrigerants with low GWP and zero ODP. They are highly energy-efficient and have good 

thermodynamic properties. However, they are flammable and require additional safety 

precautions during handling and storage. 

IV. Hydrofluoroolefins (HFOs): HFOs, such as R1234yf and R1234ze, are organic 

refrigerants that have been developed as alternatives to hydrofluorocarbons (HFCs) with 

high GWPs. HFOs have significantly lower GWPs, ranging from 1 to 6, depending on the 

specific type. They are non-toxic and have negligible ozone depletion potential. 

Inorganic Refrigerants and its impact  

Inorganic refrigerants are substances that are not derived from natural sources and are used 

for cooling purposes. They are typically synthetic compounds and are categorised into two 

main groups: halocarbons and inorganic compounds. Here are some common inorganic 

refrigerants and their impact on the environment, specifically regarding global warming: 

I. Hydrochlorofluorocarbons (HCFCs): HCFCs, such as R22, have been widely used as 

refrigerants in the past. They have a lower ozone depletion potential (ODP) compared to 

chlorofluorocarbons (CFCs), but they still contribute to the depletion of the ozone layer. In 

addition, HCFCs have high global warming potential (GWP) values, ranging from 

hundreds to thousands, contributing to the greenhouse effect and climate change. 

II. Hydrofluorocarbons (HFCs): HFCs, like R134a and R410a, were introduced as 

alternatives to CFCs and HCFCs due to their lower ODP. However, they have high GWP 

values, ranging from hundreds to several thousand, which contribute significantly to global 

warming. HFCs are potent greenhouse gases that can persist in the atmosphere for a long 

time. 

III. Perfluorocarbons (PFCs): PFCs, such as CF4 and C2F6, are not commonly used as 

refrigerants but have been used in some specialized applications. They are entirely made 

up of fluorine and carbon atoms, making them highly stable and non-reactive. PFCs have 
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extremely high GWP values, ranging from several thousand to over twenty thousand, 

making them potent greenhouse gases. 

Azeotropic refrigerants  

Azeotropic refrigerants are a type of refrigerant mixture that behaves as a single substance 

with a fixed composition throughout the phase change process. These mixtures have unique 

properties that make them desirable for certain refrigeration applications. The impact of 

azeotropic refrigerants on global warming depends on the specific composition of the mixture. 

The impact of azeotropic refrigerants on global warming depends on their composition and 

the individual GWP of the components. It is essential to consider the GWP and environmental 

impact of each refrigerant component when evaluating the overall impact of an azeotropic 

mixture. Transitioning to low-GWP alternatives is crucial for reducing the contribution to 

global warming from refrigeration and cooling systems. 

Global Warming Potential (GWP)   

Calculation and comparison 

Global Warming Potential (GWP) is a measure of the greenhouse gas potential of a substance 

relative to carbon dioxide (CO2). It quantifies the ability of a greenhouse gas to trap heat in 

the atmosphere over a specific time horizon, usually 100 years. GWP takes into account the 

radiative forcing potential of a greenhouse gas compared to CO2, which is assigned a GWP of 

1. The calculation of GWP involves comparing the total climate impact of a given mass of a 

greenhouse gas to the climate impact of the same mass of CO2 over a specific time horizon. 

The formula to calculate GWP is as follows 

GWP = (Total Radiative Forcing of the Gas / Total Radiative Forcing of CO2) / Time 

Horizon 

The radiative forcing values represent the change in the Earth's energy balance due to the 

presence of a greenhouse gas. These values are typically obtained from scientific studies and 

climate models. Different refrigerants have varying GWPs, and their comparison is crucial for 

understanding their relative climate impacts. Here are a few examples of commonly used 

refrigerants and their GWPs: 

1. Carbon Dioxide (CO2): CO2 is often considered a reference gas with a GWP of 1 since it 

serves as a baseline for comparison.  

2. Hydrofluorocarbons (HFCs): HFCs are synthetic refrigerants commonly used in air 

conditioning and refrigeration systems. They have relatively high GWPs due to their long 
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atmospheric lifetimes and strong heat-trapping properties. For example, R-134a, an HFC 

commonly used in automotive air conditioning, has a GWP of 1,430. 

3. Hydrochlorofluorocarbons (HCFCs): HCFCs are transitional refrigerants being phased out 

due to their ozone-depleting properties. They also have significant GWPs, though lower 

than HFCs. For instance, R-22, an HCFC commonly used in older air conditioning 

systems, has a GWP of 1,810. 

4. Hydrocarbons (HCs): HCs are natural refrigerants with low GWPs and zero ozone 

depletion potential. Common examples include propane (R-290) and isobutane (R-600a), 

which have GWPs close to zero. It is important to note that the GWPs mentioned above are 

approximate values and can vary depending on the specific time horizon considered. Also, 

the phase-out of high-GWP refrigerants and the adoption of low-GWP alternatives are part 

of ongoing efforts to mitigate climate change and reduce the overall impact of refrigeration 

and air conditioning systems on the environment. 

Impact of GWP on Climate Change  

Refrigerants play a significant role in global warming and climate change. When released into 

the atmosphere, refrigerants can contribute to the greenhouse effect, trapping heat and leading 

to an increase in global temperatures. The impact of refrigerants on climate change is 

influenced by their Global Warming Potential (GWP) and their usage in various applications. 

Refrigerants with high GWPs, such as certain HFCs, have a more potent warming effect 

compared to other greenhouse gases like CO2. This means that even small releases of high-

GWP refrigerants can have a significant impact on global warming. For example, a 

kilogramme of R-134a, with a GWP of 1,430, is equivalent to emitting 1,430 kilogrammes of 

CO2 over a 100-year period.  By transitioning to refrigerants with lower GWPs and 

improving leak prevention, the refrigeration and air conditioning industries can significantly 

reduce their contribution to greenhouse gas emissions and mitigate climate change. 
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Environmental impact  

Ozone Depletion Potential (ODP) 

 Refrigerants release chlorine or bromine atoms when they contact the stratosphere, as it is 

well known that Chlorine and bromine are highly reactive and can break down ozone 

molecules. The ozone depletion potential (ODP) is a measure of a substance's ability to 

deplete ozone in comparison to chlorofluorocarbon-11 (CFC-11), which has an ODP value of 
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1.0. The ODP values of various refrigerants indicate their relative contributions to ozone 

depletion. For example, CFC-12 has an ODP of 1.0, while hydrochlorofluorocarbon-22 

(HCFC-22) has an ODP of 0.05, meaning it is less damaging to the ozone layer than CFC-12. 

The significance of ODP values lies in assessing the potential environmental impact of 

refrigerants. Lower ODP values indicate reduced ozone depletion potential, which is desirable 

from an environmental perspective. International agreements, such as the Montreal Protocol, 

have been established to phase out the use of ozone-depleting substances, including high ODP 

refrigerants, and promote the adoption of alternative, environmentally friendly refrigerants. 

Stratospheric Ozone Holes  

Stratospheric Ozone Holes are linked to the presence of certain chemicals, particularly 

chlorofluorocarbons (CFCs) and halons, which were extensively used as refrigerants, forces, 

and fire extinguishing agents in the history. When CFCs and halons are released into the 

atmosphere, they ultimately reach the stratosphere. There, they're broken down by the 

ultraviolet (UV) radiation, releasing chlorine and bromine tittles. These tittles catalytically 

destroy ozone motes, performing in the thinning of the ozone subcaste. Over Antarctica, 

during the polar spring, unique meteorological conditions, similar as the presence of polar 

stratospheric shadows, enhance the destruction of ozone. This leads to the conformation of 

the" ozone hole" over that region. The goods of stratospheric ozone holes are primarily 

associated with increased situations of dangerous UV radiation reaching the Earth’s face. UV- 

B radiation is known to beget colorful health problems, including skin cancer, cataracts, and 

vulnerable system repression. It can also have mischievous goods on terrestrial and marine 

ecosystems, including damage to phytoplankton, crops, and marine organisms. The 

connection between refrigerants and ozone holes led to the transnational sweats to phase out 

ozone- depleting substances and borrow druthers with lower or zero ozone reduction 

eventuality. The given data shows the ingredients that are making holes in the stratospheric 

Ozone subcaste. Then, it’s easily defined that about 37% holes are forming by refrigerants. 
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Other Environmental Impacts 

Refrigerants can have direct and indirect environmental impacts beyond ozone depletion. 

Some refrigerants, such as hydrofluorocarbons (HFCs), have high global warming potentials 

(GWPs). When released into the atmosphere, they contribute to the greenhouse effect, leading 

to global warming and climate change. High-GWP refrigerants can trap a significant amount 

of heat in the Earth's atmosphere, exacerbating the effects of greenhouse gas emissions. 

Additionally, refrigerants, particularly those used in older systems or improperly managed, 

can be released into the air during leaks, maintenance, or end-of-life disposal. These 

emissions can contribute to poor air quality, as certain refrigerants are classified as volatile 

organic compounds (VOCs) and can participate in the formation of ground-level ozone 

(smog) when combined with other pollutants.                                          

The indirect environmental impacts of refrigerants also include their potential to harm 

ecosystems and human health. To mitigate these environmental impacts, there has been a push 

to develop and adopt alternative refrigerants with lower ODP, lower GWP, and reduced 

toxicity. These alternatives include hydrofluoroolefins (HFOs) and natural refrigerants such as 

carbon dioxide (CO2), ammonia (NH3), and hydrocarbons. Transitioning to these 

alternatives, along with proper handling, maintenance, and disposal practices, can help 

minimise the environmental impact of refrigerants. 

Alternatives and Mitigation Strategies 

Low-GWP Refrigerants: Low-GWP (Global Warming Potential) refrigerants are substances 

that have a lower impact on global warming compared to high-GWP refrigerants like 

hydrofluorocarbons (HFCs) commonly used in many refrigeration and air conditioning 

systems. Some examples of low-GWP refrigerants include: 

1. Hydrofluroolefins (HFOs): a new generation of synthetic refrigerants with significantly 

lower GWPs compared to HFCs. 
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2. Hydrocarbons (HCs): such as propane (R-290) and isobutane (R-600a) are natural 

substances with very low GWPs. 

3. Ammonia (R-717): Ammonia is a natural refrigerant with zero ozone depletion potential 

and a GWP of zero. 

Advantages of low-GWP refrigerants include 

▪ Reduced environmental impact: Low-GWP refrigerants have significantly lower GWPs 

than traditional high-GWP refrigerants, resulting in reduced greenhouse gas emissions and 

less contribution to global warming.                                                                               

▪ Regulatory compliance: The phase-out of high-GWP refrigerants is being enforced in 

many countries through regulations such as the Kigali Amendment to the Montreal 

Protocol. Adopting low-GWP refrigerants helps comply with these regulations. 

Limitations of low-GWP alternatives include 

▪ Flammability: Some low-GWP refrigerants, such as hydrocarbons, have flammable 

properties. While they can be safely used in specific applications with proper design and 

safety measures, their flammability poses challenges in certain contexts.               

▪ Toxicity: Certain natural refrigerants like ammonia can be toxic, requiring appropriate 

safety precautions during installation, operation, and maintenance. 

Natural Refrigerants 

Natural refrigerants are substances that occur naturally in the environment and have low or 

zero ozone depletion potential and GWPs as it has discussed earlier in brief, they include 

hydrocarbons (propane, isobutane), carbon dioxide (R-744), and ammonia. 

Advantages of natural refrigerants include 

1. Environmentally friendly: Natural refrigerants have low or zero GWPs, contributing 

significantly less to global warming compared to synthetic refrigerants                                                                                                                                                                                       

2. Energy efficiency: Natural refrigerants have favorable thermodynamic properties, which 

can result in more energy-efficient cooling systems. 

Challenges of natural refrigerants include 

▪ Safety considerations: Some natural refrigerants, like ammonia and hydrocarbons, have 

flammable or toxic properties, requiring proper handling, training, and safety measures 

during installation and maintenance.                                                                 
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▪ Infrastructure and compatibility: Adopting natural refrigerants may require modifications 

to existing refrigeration and air conditioning systems to ensure compatibility, efficiency, 

and safety.  

So, we can say that in adopting low-GWP refrigerants, including natural refrigerants, and 

implementing advanced technologies and energy-efficient cooling systems are key strategies 

for mitigating the impact of refrigerants on global warming. These approaches help reduce 

greenhouse gas emissions, comply with regulations, and promote sustainable cooling 

practices. 

 

 

Research and Development Efforts  

Emerging Refrigerants 

The research on next-generation refrigerants focuses on developing alternatives that have 

even lower GWPs, improved energy efficiency, and reduced flammability and toxicity. 

Innovations and breakthroughs in the field include:  

HFO Blends: Researchers are exploring blends of hydrofluoroolefins (HFOs) to optimize 

their performance and improve their compatibility with existing refrigeration systems. These 

blends offer a balance between low-GWP properties and desired performance character.                                                                                                                                                                  

HFO-HC Blends: Combining HFOs with hydrocarbons (HCs) such as propane or isobutane 

can create refrigerant blends that have both low GWPs and reduced flammability concerns.                                                                                                                                               

Carbon Dioxide (CO2) with Additives: CO2 is a natural refrigerant with a GWP of 1. 

However, it has challenges related to high operating pressures. Researchers are investigating 

the use of additives to enhance CO2's performance, reduce pressures, and improve energy 

efficiency.                                                                                                                                                                                                                

Hydrofluorocarbon (HFC) Replacements: Efforts are underway to develop non-flammable 

alternatives for high-GWP HFCs used in specific applications. These replacements aim to 

provide similar performance while reducing environmental impact. 

Sustainable Refrigeration Systems 

The development and deployment of sustainable cooling technologies focus on creating 

refrigeration systems that minimize environmental impact and maximize energy efficiency. 

Some key areas of research include:                                                                                         
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Advanced System Designs: Researchers are working on optimizing system designs to 

improve energy efficiency, enhance heat transfer, and reduce refrigerant charge requirements. 

This includes innovations in heat exchangers, compressors, and controls.      

▪ Natural Refrigerant Systems: There is a growing emphasis on the adoption of natural 

refrigerants such as hydrocarbons, CO2, and ammonia. Research focuses on developing 

reliable and efficient systems that can safely handle these refrigerants while minimizing 

leakage and maximizing energy performance.     

▪ Integration of Renewables: The integration of renewable energy sources such as solar and 

wind power into refrigeration systems is being explored. This includes the development of 

hybrid systems that combine renewable energy generation with energy storage solutions to 

ensure continuous and sustainable operation.     

▪ Energy Storage: Researchers are investigating energy storage technologies to address the 

intermittent nature of renewable energy sources. Energy storage systems enable better 

utilization of renewable energy, allowing refrigeration systems to operate efficiently even 

during periods of low or no renewable energy generation.                                                                                                                                                                                                                                            

Conclusion  

In conclusion, refrigerants play a significant role in global warming. The impact of 

refrigerants on the environment is mainly due to their potential to contribute to the depletion 

of the ozone layer and their high global warming potential (GWP).   Historically, 

chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) were commonly used as 

refrigerants but were found to have a severe impact on the ozone layer. The Montreal 

Protocol, an international agreement, was enacted to phase out the production and use of these 

substances, leading to the development and adoption of alternative refrigerants.                                   

However, many of the replacement refrigerants, such as hydrofluorocarbons (HFCs), have a 

high GWP. HFCs have a significant warming potential compared to carbon dioxide (CO2), 

which is the reference gas used to measure the GWP. Their long atmospheric lifetimes and 

potency as greenhouse gases contribute to global warming. Recognizing the need to address 

the impact of HFCs on climate change, the Kigali Amendment to the Montreal Protocol was 

agreed upon in 2016. The amendment aims to gradually phase down the production and 

consumption of HFCs and promote the use of low-GWP alternatives, such as 

hydrofluoroolefins (HFOs), natural refrigerants (e.g., ammonia, carbon dioxide, 

hydrocarbons), and blends. Transitioning to low-GWP refrigerants and implementing more 

energy-efficient technologies can significantly reduce the environmental impact of 
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refrigeration and air conditioning systems. These efforts are crucial to mitigating global 

warming and achieving climate goals set forth in international agreements like the Paris 

Agreement. It is essential for governments, industries, and individuals to prioritize the use of 

environmentally friendly refrigerants, promote energy efficiency, and ensure proper handling, 

disposal, and recycling of refrigerants to minimize their impact on global warming. Continued 

research and innovation in the field of refrigerants are also necessary to develop even more 

sustainable and climate-friendly alternatives in the future. 

References

Brown, J. S. Introduction to hydrofluoro-

olefin alternatives for high global warming 

potential hydrofluorocarbon refrigerants. 

HVAC&R Res. 2013, 19, 693– 70.  

Gopalnarayanan, S.  (1998).  Choosing the 

right refrigerant.  Mechanical 

Engineering, Published by the 

American Society of Mechanical 

Engineers (ASME), Vol. 120, No. 10, 

pp. 92-95.                                                                                                                       

Gopalnarayanan, S.  and Rolotti, G.D.  

(1999).  Total Equivalent Warming 

Impact of R22 alternatives in air-

conditioning and heat pump 

application.  ASHRAE Transactions, 

Part 1, 1999, pp. 1228-1234.                                                                                                                       

Green, A.  and Battistutta, D.  (1990).  

Incidence and determinants of skin 

cancer in a high-risk Australian 

Population.  International Journal of 

Cancer, Vol.  46, pp.356-361.                                                                                                                                                                    

10.Hummel, K.E., Nelson T.P. and 

Thompson, P.A. (1991). Survey of the 

use and emissions of 

chlorofluorocarbons from large 

chillers. ASHRAE Transactions, 

Atlanta (GA), USA, Vol. 97, No. 2, pp. 

416-421.                                                                                                                  

Hwang, P.  (1996).  An experimental 

evaluation of flammable and non-

flammable high pressure HFC 

replacements for R22. Proceedings of 

the 1996 International Refrigeration 

Conference at Purdue, 23 – 26 July, 

West Lafayette, Indiana, USA, pp. 21- 

Hwang, P. (1995). An experimental 

evaluation of medium and high 

pressure HCF replacements for R22. 

Proceedings of International CFC and 

Halon Alternatives Conference, 

Washington D.C., October 23 – 25, pp. 

41-48.                                                                                     

Hwang, Y., Ohadi, M.  and Radermacher, 

R.  (1998).                                                                                                                                                   

Natural refrigerants. Mechanical 

Engineering, Published by American 

Society of Mechanical Engineers 

(ASME), Vol. 120, No. 10, pp. 96 99.                                                                                                                                                                                                                                   

J.M. (1986). The production and release to 

the atmosphere of CFC-11 and CFC-

12.  Atmospheric Environment, Vol. 

20, No. 3, 1077-1085.                                                                                                                                                                                                          

Kerr, R.  A.  (1988a).  Stratospheric ozone 

is decreasing. Science, Vol. 239, pp. 

1489-1491.  

Kim, S.G., Kim., M.S. and Ro, S.T. 

(2002). Experimental investigation of 

the performance of R22, R407C and 

R410A in several capillary tubes for 

air-conditioners. International Journal 

of Refrigeration. Vol. 25, No. 5, pp. 

521-331.  

M.J. Molina, F.S. Rowland, 1974, 

Stratospheric sink for 

chlorofluoromethanes: Chlorine atom 



Omniscient 

(An International Multidisciplinary Peer Reviewed Journal) 

Vol 1 Issue 4 December 2023                                                                                                      EISSN: 2583-7575 

38 
 

catalyzed destruction of ozone, Nature 

n. 249, pp.810-812.                                                                                                                                                                                                                                                               

Model calculations of CFCs and their 

replacements on global warming 

Nature (1990).                                                                                                                                    

Muller C.1993Atmospheric ozone and 

greenhouse gases observation: an 

update, Proc. Int. Conf. Energy 

Efficiency Refrig. and Global Warming 

Impact, Commission B1/2 IIR, 

University of Ghent, Belgium, 4554.                                                                                                  

Scientific Assessment of Stratospheric 

Ozone Depletion: 1991: Global Ozone 

Research and Monitoring Project, 

Report No. 25 (1991).                                                                                                                                                

 


