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Abstract— Automobile industry has been transformed Air 

conditioning in its vehicle as its segment from providing 

compartment comfort as luxury to it as essential requirement 

in present time. This journey was started in 1908 by 

introduction of closed body Automobile and method used 

was windshields ventilation reached to its fully developed 

version as of today with future prospective. Today’s 99.6% 

automotive air conditioners are the result of a century’s worth 

of invention and refinement. After presenting historical 

development of automotive Air conditioning this paper brings 

concern towards need for finding possible alternative of 

conventional compressor technology. It further focuses to 

mitigate its detrimental effects on environment by human 

desire for comfort. This paper makes an attempt to 

preliminary evaluate number of alternative refrigerating 

methods which could be applied to Automobile air 

conditioning. This paper also helps to find feasibility of 

different Air conditioning methods on various aspects and 

check whether it be suitable and could engineered it for 

vehicles or not. 
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I. INTRODUCTION 

History of Automotive Air conditioning begins with first of 

its kind attempt made in late 1940 to 1941 by Packard and 

Cadillac respectively since introduction of first Closed-body 

automobiles in 1908.Chrysler’s Imperial was one of the first 

production car to offer Automobile Air conditioning in 1953. 

 Air Conditioning and Climate Control both provide 

ways of controlling the air temperature inside your vehicle to 

deliver Passengers and driver comfort. Days are gone when 

personal vehicle having automotive Air-conditioning is 

treated as luxury and status. Now a day, due to rising 

temperatures and extreme environmental conditions 

Automotive Air-conditioning is inevitable. Air conditioning 

is now the most popular accessory fitted to some 95 percent 

of new vehicles to provide comfort and controlled air inside. 

Over use of vehicle air conditioning can increase fuel 

consumption by up to 20%. Today, the field of air 

conditioning system design introducing alternative system 

other than compressor technology is more challenging than 

ever before. 

 Here it is more complex conditions a Automotive 

Air conditioning encounter as compared to stationary one is 

that system is more prone to leakages, varying environmental 

exposure to condenser, large amount of spontaneous entry 

load on system and instant demand for comfort environment. 

Automobile are more likely subjected to accidents and hence 

consequences of its damage in installed system contributes 

towards Ozone Layer Depletion and Global warming. 

 Over the past several decades, attempts are made to 

decide accountability of automobile air conditioning in 

climate change by directly through emission of refrigerants 

and indirectly by use of fossil fuels to run power generators 

and hence to develop and deploy technologies that can 

substantially reduce energy consumption and greenhouse gas 

(GHG) emission. 

 The global climate deal Kigali Amendment at the 

28th Meeting of the Parties to amend the Montreal Protocol 

1987 held at Kigali, Rwanda on 15 October 2016.Under 

Kigali Amendment, in all 197 countries, including India have 

agreed to a timeline to reduce the use of HFCs by roughly 

85% of their baselines by 2045. Agreement target of keeping 

global temperature rise to below 20 Celsius compared to pre-

industrial times. 

Presently, two major global problems have caused the 

engineering fraternity to explore new alternatives to 

Vapor-compression Technology: 

1) Cope up with effects of ozone layer depletion in the 

upper atmosphere and global warming. 

2) To fulfil desire for refrigeration in parts of the world 

where electricity is not readily available or economical. 

 This paper pay respects its theme “Caring for all life 

under the sun” on World Ozone Day 16 September 2017 for 

providing motivation. 

II. BRIEF HISTORY OF AUTOMOTIVE AIR CONDITIONING 

Bhatti, M. S. in his special series of an article of Riding in 

comfort to commemorate a century of innovation in the 

HVAC&R arts and sciences he included journey of Evolution 

of Automotive Heating. He brings attention to stages of 

development of heating devices like Early Portable Heaters, 

Exhaust Gas Heaters, Hot Water Heaters, Gasoline Heaters, 

Electric Car Heaters and Heating System Controls since 

Closed-body automobiles were introduced in year 1908 to the 

year 1964 when Cadillac introduced the first automatic air-

conditioning control.[1] 

 Bhatti, M. S.compiles a brief history of automobile 

Air conditioning begins at developing a mechanical comfort 

cooling system for a vehicle from earliest attempt made by 

William Whiteley, who in 1884 suggested fan and ice system 

was well known by that time. in 1930 two different attempts 

create road map for modern Automative Air conditioning are 

first by C&C Kelvinator co. which is a customized Cadillac 

owned by John Hamman Jr. of Houston, Texas and General 

Motors Research Laboratories that conceived the idea of the 

vapor compression system with R-12 refrigerant. [2] 

 R.K. Shah produced a comprehensive review of 

automotive air-conditioning systems by historical 

developments and the evolution of major components of the 

A/C system. He discussed about suitable alternative 

refrigerants to minimize the impact of A/C system operation 

on the environment without impacting the human comfort 

and further provide the overall and detailed prospective of the 

A/C system developments and provide an opportunity to the 
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researchers to accelerate R&D for the refrigerant 

changeover.[3] 

 In his article is an updated and revised version of the 

keynote paper presented by R. K. Shah entitled “Automotive 

Air-Conditioning Systems—Historical Developments, the 

State of Technology and Future Trends” at the Third 

BSMEASME Thermal Engineering Conference, Dhaka, 

Bangladesh, 2006. He further described Automotive air-

conditioning (A/C) or mobile air-conditioning (MAC) system 

and component optimization and cost reduction. [4] 

III. CURRENT TECHNOLOGY & STATE OF ART DEVELOPMENT 

IN MOBILE AIR CONDITIONING 

Shripad Ghurye discussed about the Basic concept of vapour 

compression figure no 1 to 4which is widely used in a car AC 

system for pumping out compartment heat to maintain 

comfort environment. Refer figure: the fixed displacement 

compressor compresses low pressure low temperature vapour 

to high pressure high temperature vapour to be discharge to 

the condenser where it is converted to high temperature 

liquid, which is then filtered by the filter-drier and passed 

through an expansion valve or orifice tube as low pressure 

low temperature liquid in to evaporator which is cooling unit 

of the system. 

 
Fig. 1: Automobile Air Conditioning Schematics 

 
Fig. 2: Automobile Air Conditioning Parts 

 
Fig. 3: Automatic Temperature Control in Automobile Air 

Conditioning 

 
Fig. 4: Electronic Control in Automobile Air conditioning. 

Figure no 1 to 4 Schematics by Shripad Ghurye 

 The low pressure in the evaporator causes the 

refrigerant to boil. The blow passes the cabin hot air over the 

evaporator to cool it for the passengers. The refrigerant 

absorbs heat from passing air, and since the boiling point of 

the refrigerant is achieved due to the low pressure in the 

evaporator, low pressure low temperature vapor gets sucked 

back to the compressor, thus completing the cycle.[5] 

 The global warming impacts of conventional vapour 

compression automobile air conditioning using HFC-134a is 

compared with the potential impacts of four alternative 

concepts on the basis of total equivalent warming impact 

(TEWI). Brief comments are also made concerning technical 

barriers that must be overcome for successful development of 

the new technologies. He examines five technologies that 

could conceivably be used to provide automobile air 

conditioning are conventional Rankine cycle vapor 

compression air conditioning using HFC- 134a, a 

compression cycle using CO2 as the refrigerant, Stirling cycle 

refrigeration, Adsorption cooling and Thermoelectric 

cooling.[6] 

 R. Farrington and J. Rugh investigated that Vehicle 

air-conditioning can significantly impact fuel economy and 

tailpipe emissions of conventional and hybrid electric 

vehicles (HEV) and reduce electric vehicle (EV) range. 

Conventional air-conditioning loads can reduce EV range and 

HEV fuel economy by nearly 40% depending on the size of 

the air-conditioner and the driving cycle. They found by 

Supplemental Federal Test Procedure (SFTP) that Current 

air-conditioning systems can reduce the fuel economy of high 

fuel-economy vehicles by about 50% and reduce the fuel 

economy of today. s mid-sized vehicles by more than 20% 

while increasing NOx by nearly 80% and CO by 70% They 

also suggested Opportunities to Reduce Air-Conditioning 

Loads by Advanced glazings and Recirculated Loads.[7] 

 J. Steven Brown et al. in their comparative study 

using simulation model they evaluated performance merits of 

CO2 and R134a automotive air conditioning systems using 
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semi-theoretical cycle models. The analysis showed R134a 

having a better COP than CO2 with the COP disparity being 

dependent on compressor speed (system capacity) and 

ambient temperature. They found that a compressor speed of 

1000 RPM,the COP of CO2 was lower by 21% at 32.2_C and 

by 34% at 48.9_C.At higher speeds and ambient 

temperatures,the COP disparity was even greater. The 

entropy generation calculations indicated that the large 

entropy generation in the gas cooler was the primary cause 

for the lower performance of CO2. [8] 

 Joudi KA presented Experimental and computer 

performance study with several alternative refrigerants (R-12, 

R-134a, R-290, R-600a and a mixture of R290/R600a) to find 

the most suitable alternative refrigerant for R-12. They 

suggested mixture of R290/R600a as an optimum substitute 

of R-12.It takes less time required to reach comfort conditions 

but slightly higher power consumption with the hydrocarbon 

mixture.[9] 

 McLinden, M.O et al in his work of 

Hydrofluorocarbons are potent greenhouse gases and will be 

phased down, thus replacement fluids must be found. the 

fluids passing the thermodynamic and environmental screens 

(critical temperature and global warming potential), we 

simulate performance to search for replacements by applying 

screening criteria to a comprehensive chemical data 

baseTable1 and found that that only a few pure fluids possess 

the combination of chemical, environmental, 

thermodynamic, and safety properties necessary for a 

refrigerant and that these fluids are at least slightly 

flammable. 

 
Table 1: Coefficient of Performance & Volumetric Capacity 

of Selected Low-Global-Warming-Potential Fluids [10] 

IV. NON COMPRESSION TECHNOLOGIES FOR AUTOMOBILE 

AIR CONDITIONING 

Mei V.C.et al. in their study did a detail discussion and made 

comparison been between different work actuated and Heat 

actuated Mobile Air conditioning as shown in Table no 2 and 

Table 3.The study indicates that each alternative MAC 

technology has its merits and limitations. Most of them 

require further R&D work. With R-134a facing possible 

future regulatory action and with no suitable non-CFC 

replacement refrigerant in sight, R&D of selected alternative 

MAC technologies has become urgent and important because 

of the long lead time required for such systems to be practical. 

 
Fig. 5: Non-CFC Alternative MAC Systems 

 
Table 2: Comparisons of Work-Actuated Mobile Air 

Conditioning (MAC) Systems [11] 

 
Table 3: Comparison of Heat-Actuated Mobile Air 

Conditioning (MAC) Systems [11] 

 Mei V.C.et al. did analysis in their study to 

investigate about some alterative non-CFC Mobile Air 

Conditioning methods. They can be divided into, two 

categories: work-actuated systems and heat-actuated systems. 

Some potential work-systems including hermetic vapour 

compression systems, reversed Brayton air-cycle systems, a 

thermoelectric cooling were presented. For heat-actuated 

systems, four concepts were identified fix possible MAC 

applications: ejector cooling, absorption cooling, adsorption 

cooling, and metal hybrid cooling. While traditional MAC'S 

are work-actuated, heat-actuated systems may provide better 

energy saving potential. Each cooling method was discussed 

for its advantages and limits. [12] 

 B.Multerer and R.L.Burton The investigation was 

carried out for a standard automobile (1990 Pontiac Grand 

Prix), an ambient temperature of 52°C (125°F), an in-car 

temperature of 24°C (75°F), a vehicle speed of 55 mph and a 

maximum hot soak pull-down time of 120 seconds. [13] 

 Don Carlyle Gauger in his pursuing doctorate work 

made attempt to identify, analyze, and assess technologies 

which could serve as alternatives to vapor-compression for 

the purpose of accomplishing refrigeration. He suggested 

Solid sorption is the most promising new refrigeration 
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technology in terms of technical feasibility, particularly for 

air conditioning. In case of gas-cycle refrigeration 

technologies, reversed Stirling, reversed Brayton, and 

pulse/thermoelectric, The highest cycle efficiencies occur at 

source temperatures below the lowest temperature considered 

in his study (—24 C) and these technologies are best suited 

to low-temperature refrigeration. He also commented for 

thermoelectric and magnetic refrigeration technologies that 

they are impractical for refrigeration and air conditioning 

applications, at this time. [14] 

 Toshihisa Kondo et al. describes the inspection of a 

heat pump air-conditioning system that uses thermal energy 

in the outside air to heat the vehicle cabin for low weather 

temperatures. In his research, existing refrigerant (R134a) 

was used because of its availability and affordability and 

made comparison made between heat pump systems using the 

two possible heat sources. He found when applied to electric 

and hybrid vehicles, this system reduces energy consumption 

by 20% to 60% compared to current systems. [15] 

 
Fig. 6: Taxonomy of non-Vapor Compression Technologies. 

[16] William Goetzler 

 William Goetzler in his study characterizes 

alternative technologies based on their development status 

(some technologies are in very early stages of development), 

potential for energy savings, and other factors that may affect 

their ability to compete with vapour-compression systems. 

Groups 22 non-vapour-compression technologies analyzed in 

the DOE study, classified by energy source and primary 

working fluid or material. Although vapour-compression sys-

tems are also used in refrigeration, transportation, and process 

cooling applications, the DOE study focuses solely on 

building HVAC applications. 

 Some alternative technologies are impractical for 

space-conditioning applications due to low efficiencies and 

capacities (e.g., pulse-tube and vortex-tube cycles), and some 

are too early in their development cycle to be fully evaluated 

(e.g., Bernoulli heat pump, critical-flow cycle, and electro-

caloric heat pump). The DOE study focuses on the remaining 

17 technologies that could serve as viable alternatives in 

vapour-compression space-heating and space-cooling 

systems, with some additional development. 

 In general, as depicted and mentioned in Figure: 5, 

Vapour-compression alternative technologies fall into three 

categories: solid-state, electro-mechanical, and thermally 

driven technologies [16] 

 William Goetzler et.al. Navigant Consulting, 

Inc.(2014) prepared a report on Energy Savings Potential and 

research, development, and deployment (RD&D) 

Opportunities for Non-Vapour-Compression HVAC 

Technologies by in which they identifying a wide range of 

technology options having the potential to serve as 

alternatives to vapour-compression technologies in 

residential and commercial HVAC applications. It includes 

Significant recommendations which were developed by 

adopting methodology are in chronological sequence are by 

performing literature search and initial research, develop 

initial list of 22 technological options, perform initial 

screening of options unsuitable for HVAC (i.e 20 Potential 

technological options), Identify early stage technology 

options(are of 3 early-stage ),perform in depth research and 

analysis(i.e. 17 viable options),develop scoring criteria, score 

technology options. 

 He also suggested in his assignment the potential 

supplementary applications for non-vapor-compression 

technology options for future reference. These technology 

options are Condenser sub cooling, Desiccant pre-cooling, 

Evaporative pre-cooling, Alternative Expansion devices, 

Secondary compression devices which helps to augment the 

efficiency and the performance. They then analyzed each of 

the 17 remaining viable technology options and calculated the 

technical energy savings potential for each technology option 

using BTO’s Prioritization Tool and their unit energy savings 

estimates. Figure 6 presents the technical energy savings 

potential for each of the non-vapor compression technology 

options. 

 
Fig.7: Comparison of Technical Energy Savings Potential 

(Quads/year 1 Quad = 1.055 EJ) [17] 

 William Goetzler et.al. Some promising Non-

Vapor-Compression Technologies Commercialization 

Timeline like Absorption / Adsorption (Near-Term (2017-

2019)), Magnetocaloric (Medium-Term (2019-2023) ), 

 Membrane(Medium-Term (2019-2023) ), 

Electrochemical(Medium-Term (2019-2023) ), Elastocaloric 

(Long-Term (2023→) ), Electrocaloric (Long-Term 

(2023→)) and they presented Elements of sustainable, low 

emissions building cooling systems in which Non-vapor 

compression technologies, at the intersection of Direct and 

indirect Air Conditioning emissions reductions opportunities 
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energy efficiency and GWP reduction, provide potential 

value for both direct and indirect emissions reduction 

opportunities as one important piece of the long-term 

solution. [18] 

 Van Baxter et al. presented Current Technologies, 

Future Technologies and R&D Roadmap for Air 

Conditioning Technologies. They discussed some non-

compressing technologies like Magnetic cooling system 

Membrane cooling system and Thermoplastic cooling system 

[19] 

V. CONCLUSION 

 Some 95 percent of new vehicles are now fitted with air 

conditioning. Over use of vehicle air conditioning can 

increase fuel consumption by up to 20%. 

 The high efficiency of Stirling cycle attracts as promising 

alternative by overcoming its limitations like reliability 

and durability which is biggest hurdle in establishing its 

suitability for automotive systems. 

 The concept of Absorption and Adsorption technologies 

may provide attractive solutions due to availability of 

large amount of waste heat in passenger vehicles in 

public transportation. 

 Suggestions can be made to develop scope for hybrid 

work-actuated systems and heat-actuated systems in non-

compression technologies and further rigorous research 

needed to make it commercially available 

 For hydrogen fuelled vehicles and weight is not 

predominant criteria Metal Hydride air conditioning 

considered feasible option. 
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