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Outline  

Å Introduce the concepts of refrigerators and heat pumps 

and the measure of their performance. 

ÅHeat Pump ï General Overview and Some Applications 

ÅWorking Fluids for the Heat Pump. 

Å Review the factors involved in selecting the right 

refrigerant and related environmental concerns. 

ÅHigh temperature and Industrial Heat Pumps 

Å Evaluate the performance of the high temperature heat 

pump using vapor-compression refrigeration systems. 

ÅDiscuss the special heat pumps (absorption, adsorption..) 

Å Introduce the concepts of heat driven refrigeration 

systems. 
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REFRIGERATORS AND 

HEAT PUMPS 

The objective of a refrigerator is to remove heat 

(QL) from the cold medium; the objective of a heat 

pump is to supply heat (QH) to a warm medium. 

The transfer of heat from a low-temperature 

region to a high-temperature one requires 

special devices called refrigerators . 

Another device that transfers heat from a 

low-temperature medium to a high-

temperature one is the heat pump . 

Refrigerators and heat pumps are essentially 

the same devices; they differ in their 

objectives only. 

for fixed values of 

QL and QH 
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THE REVERSED CARNOT 

CYCLE 

Schematic of a 

Carnot refrigerator 

and T-s diagram 

of the reversed 

Carnot cycle. 

Both COPs increase as 

the difference between the 

two temperatures 

decreases, that is, as TL 

rises or TH falls. 

The reversed Carnot cycle is the most efficient refrig. cycle operating between TL and TH. 

It is not a suitable model for refrigeration cycles since processes 2-3 and 4-1 are not practical 

because Process 2 -3 involves the compression of a liquid ïvapor mixture, which 

requires a compressor that will handle two phases , and process 4-1 involves the 

expansion of high-moisture-content refrigerant in a turbine. 
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THE IDEAL VAPOR -

COMPRESSION 

REFRIGERATION CYCLE 

The vapor -compression refrigeration cycle  is the ideal model for refrigeration 

systems. Unlike the reversed Carnot cycle, the refrigerant is vaporized completely 

before it is compressed and the turbine is replaced with a throttling device.  

Schematic and T-s 
diagram for the ideal 
vapor-compression 
refrigeration cycle. 

This is the most 
widely used cycle 
for refrigerators, 
A-C systems, and 
heat pumps. 
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An ordinary 

household 

refrigerator. 

The P-h diagram of an ideal vapor-

compression refrigeration cycle. 

The ideal vapor-compression refrigeration cycle involves an irreversible (throttling) 

process to make it a more realistic model for the actual systems.  

Replacing the expansion valve by a turbine is not practical since the added benefits 

cannot justify the added cost and complexity . 

Steady-flow 

energy balance 
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ACTUAL VAPOR -COMPRESSION 

REFRIGERATION CYCLE 

An actual vapor-compression refrigeration cycle differs from the ideal one owing 

mostly to the irreversibilities that occur in various components, mainly due to fluid 

friction (causes pressure drops) and heat transfer to or from the surroundings.  

Schematic and 

T-s diagram for 

the actual 

vapor-

compression 

refrigeration 

cycle. 

DIFFERENCES 

Non-isentropic compression 

Superheated vapor at evaporator exit 

Subcooled liquid at condenser exit 

Pressure drops in condenser and evaporator 

The COP decreases as a result 

of irreversibilities. 
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¸ Reducing CO2  emissions 

¸ Reducing primary energy consumption 

¸ Increasing the amount of renewable energy used 
 
 
 

 

Scope of industrial applications  
¸ Expected to expand further enhancing these effects 

 

Typical applications  
 

¸ for hot water supply 

¸ for hot air supply 

¸ for heating of circulating hot water 

¸ for steam generation 

 

Heat pump technology  
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Industrial heat pumps are 
mainly used for:  

 Ɉspace heating; 

Ɉheating and cooling of process streams; 

Ɉwater heating for washing, sanitation and 
cleaning; 

Ɉsteam production;  

Ɉdrying/dehumidification;  

Ɉevaporation; 

Ɉdistillation;  

Ɉconcentration. 
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ɈSpace heating: 
Heat pumps can utilize conventional heat 
sources for heating of greenhouses and 
industrial buildings, or they can recover 
industrial waste heat that could not be 
used directly, and provide a low - to 
medium temperature heat that can be 
utilized internally or externally for space 
heating. Mainly electric closed-cycle 
compression heat pumps are used. 

 

http://www.nctu.edu.tw/


ɈProcess water heating and cooling:  
Many industries need warm process water in 
the temperature range from 40-90ºC, and 
often have a significant hot water demand in 
the same temperature range for washing, 
sanitation and cleaning purposes. This can be 
met by heat pumps. Heat pumps can also be 
a part of an integrated system that provides 
both cooling and heating. Mainly electric 
closed-cycle compression heat pumps are 
installed, but a few absorption heat pumps 
and heat transformers are also in use. 
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ɈSteam production:  
Industry consumes vast amounts of low -, 
medium - and high-pressure steam in the 
temperature range from 100-200ºC. Steam is 
used directly in industrial processes, and for 
heat distribution. Current high temperature 
heat pumps can produce steam up to 150ºC (a 
heat pump prototype has achieved 300ºC). 
Both open and semi-open MVR systems, 
closed-cycle compression heat pumps, cascade 
(combination) systems and a few heat 
transformers are in operation. 
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Refrigerant Compressor 

Expansion 

Valve 

Condenser Evaporator 

Flash 

Tank 

Waste Hot 
Water (65oC) 

Water 

Supply 

(20oC) 

Steam, 120oC, 

0.1MPa Gauge, 

0.51t/h Heat Pump Unit 

Steam-generating heat pump SGH 120 model, Kobe Steel, 

Ltd. 
370kW, COP3.5 Industrial Process 
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Steam-generating heat pump SGH 120 model, Kobe Steel, 

Ltd. Supply 0.0 to 0.1 MPa Gauge steam, lifting up waste heat at 35 to 65 oC 
 

 
 
 
 

Flash Tank 

Heat Pump Unit 
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Refrigerant Compressor 

Expansion 

Valve 

Condenser Evaporator 

Steam 

Compressor 

Flash 

Tank 

Waste 

Hot Water 

(70oC) 

Water 

Supply 

(20oC) 

Steam 

100-120 oC 

660kW, COP2.5 
 

Steam, 165oC, 

0.6MPa Gauge 

0.89t/h 

Heat Pump Unit 

Steam-generating heat pump SGH 165 model, Kobe Steel, Ltd. 

Industrial Process 
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Steam-generating heat pump SGH 165 model, Kobe Steel, Ltd. 
Supply 0.2 to 0.8 MPa Gauge steam, lifting up waste heat at 35 to 70 oC 
 

 
 
 
 

Flash Tank 
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ɈDrying process:  
Heat pumps are used extensively in industrial 
dehumidification and drying processes at low and 
moderate temperatures (maximum 100ºC). The main 
applications are drying of pulp and paper, various 
food products wood and lumber. Drying of 
temperature-sensitive products is also interesting. 
Heat pump dryers generally have high performance 
(COP 5-7), and often improve the quality of the dried 
products as compared with traditional drying 
methods. Because the drying is executed in a closed 
system, odours from the drying of food products etc. 
are reduced. Both closed-cycle compression heat 
pumps and MVR systems are used. 
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ɈEvaporation and distillation processes:  
Evaporation and distillation are energy -
intensive processes, and most heat pumps are 
installed in these processes in the chemical 
and food industries. In evaporation processes 
the residue is the main product, while the 
vapour (distillate) is the main product in 
distillation processes. Most systems are open 
or semi-open MVRs, but closed-cycle 
compression heat pumps are also applied. 
Small temperature lifts result in high 
performance with COPs ranging from 6 to 30. 
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Steam supply  service in a manufacturing  plant  

¸Producing cars, auto parts, electrical equipment, food, etc. 

¸Steam is produced in the energy center 

¸Supplied to some factories and all areas of each factory 

¸Used in the manufacturing process 
 

 

Manufacturing Plant 

Energy Center 

Factory Factory Factory 

Factory Factory Factory 

Steam Supply Service 
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Total  energy effic ienc y of  steam supply  service  

¸ generally low (e.g. 20-40%) due to 

¸ Boiler losses 

¸ Heat losses from piping 

¸ Steam leakage losses in traps 

¸ Drain recovery losses 
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Steam supp ly service in  a factory  

¸The most commonly used steam 
temperature zone is in the range e.g. 55-
80ᴈ 

¸Many electric heaters are used for these 
processes for which temperature control 
is required  
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Distr ibuted heat pumps 

Significant energy savings are expected by 

¸Replacing some steam supply service and electric heaters 
¸With distributed high-temperature heat pumps 

Heat Pumps  
Heat Pumps,  

Preheating  
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Heat recovery  
ÉSimultaneous utilization of cooling and heating 

ÉUtilization of waste heat 

Waste Heat Refriger ation Cooling 

Steam 

Generating 

Heat Pump  

Heat Pump, 

Preheating  

Heat Pump 
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Heat pump for  washing process 
Zeneral Heat Pump Industry Co., Ltd. 
 

Cutting and washing process of machinery parts 

Çooling water-soluble cutting oil by chiller 

Ḩeating washing liquid by boiler steam 
 

 

Simultaneous cooling and heating by heat pumps  The 

total COP in heating and cooling mode reaches 5 
 

 

Three operating modes 

-1) Heating mode, 2) Cooling mode 

-3) Heating and cooling mode 

-Available using the heat exchanger between the air and 

refrigerant 
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Heat pump for  washing  proc ess 
Zeneral Heat Pump Industry Co., Ltd. 
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Heat pump for  washing process 

Zeneral Heat Pump Industry Co., Ltd. 
 

As an example of the effect 

achieved using these heat pumps 
 

 
 
 

¸a reduction of 73 % in primary energy 

consumption 

¸a reduction of 86 % in CO2  emissions 
 

 
 
 

compared with the conventional method 
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HEAT PUMP SYSTEMS The most common energy source for 
heat pumps is atmospheric air (air-to- 
air systems).  

Water-source systems usually use 
well water and ground-source 
(geothermal) heat pumps use earth as 
the energy source. They typically have 
higher COPs but are more complex 
and more expensive to install. 

Both the capacity and the efficiency of 
a heat pump fall significantly at low 
temperatures. Therefore, most air-
source heat pumps require a 
supplementary heating system such 
as electric resistance heaters or a gas 
furnace. 

Heat pumps are most competitive in 
areas that have a large cooling load 
during the cooling season and a 
relatively small heating load during the 
heating season. In these areas, the 
heat pump can meet the entire cooling 
and heating needs of residential or 
commercial buildings. A heat pump can be used to heat a house in 

winter and to cool it in summer. 

http://www.nctu.edu.tw/


Generalized Heat Pump System  

http://www.nctu.edu.tw/
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INNOVATIVE VAPOR-COMPRESSION 

REFRIGERATION SYSTEMS 

Å The simple vapor-compression refrigeration cycle is the most widely used 

refrigeration cycle, and it is adequate for most refrigeration applications.  

Å The ordinary vapor-compression refrigeration systems are simple, 

inexpensive, reliable, and practically maintenance-free.  

Å However, for large industrial applications efficiency, not simplicity, is the 

major concern.  

Å Also, for some applications the simple vapor-compression refrigeration 

cycle is inadequate and needs to be modified.  

Å For moderately and very low temperature applications some innovative 

refrigeration systems are used. The following cycles will be discussed: 

Å Cascade refrigeration systems 

Å Multistage compression refrigeration systems 

Å Multipurpose refrigeration systems with a single compressor 

Å Liquefaction of gases 
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Cascade Refrigeration Systems  

Some industrial applications require moderately low temperatures, and the 

temperature range they involve may be too large for a single vapor-compression 

refrigeration cycle to be practical. The solution is cascading.  

Cascading 

improves the 

COP of a 

refrigeration 

system.  

Some systems 

use three or 

four stages of 

cascading. 

A two-stage cascade refrigeration system 

with the same refrigerant in both stages. 
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Multistage 

Compression 

Refrigeration Systems  

A two-stage compression refrigeration 

system with a flash chamber. 

When the fluid used throughout the cascade 

refrigeration system is the same, the heat 

exchanger between the stages can be 

replaced by a mixing chamber (called a flash 

chamber) since it has better heat transfer 

characteristics.  
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Multistage  Compression  
Refrigeration  Systems  
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Variations of Refrigeration Systems with 

a Single Compressor (Muti -evaporators)  

There may not be any 

improvement in system COP due 

to this arrangement. It is easy to 

see that this modification does not 

result in significant improvement in 

performance due to the fact that 

the refrigerant vapor at the 

intermediate pressure is reduced 

first using the PRV and again 

increased using compressor.  
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Multipurpose Refrigeration Systems with 

a Single Compressor (Muti -evaporators)  

Schematic and T-s diagram for a refrigeratorïfreezer unit with one compressor. 

Some applications require refrigeration at more than one temperature. A 

practical and economical approach is to route all the exit streams from 

the evaporators to a single compressor and let it handle the compression 

process for the entire system. 
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Limitations of multi -stage 
systems  

ɈSince only one refrigerant is used throughout the system, 
the refrigerant used should have high critical temperature 
and low freezing point.  

ɈThe operating pressures with a single refrigerant may 
become too high or too low. Generally only R12, R22 and 
NH 3

 systems have been used in multi-stage systems as other 
conventional working fluids may operate in vacuum at very 
low evaporator temperatures. Operation in vacuum leads to 
leakages into the system and large compressor displacement 
due to high specific volume.  

ɈPossibility of migration of lubricating oil from one 
compressor to other leading to compressor break-down.  

ɈThe above limitations can be overcome by using cascade 
systems.  

http://www.nctu.edu.tw/
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É Compared to conventional refrigerants, CO 2 has many 
advantages as a refrigerant.  

É It is a stable substance with a minimal environmental 
impact (ODP=0, GWP=1) and higher cooling capacity 
(up to 6 times the capacity of R404A).  

É Its good heat transfer performance makes smaller 
evaporators and condensers possible and its lower 
viscosity makes less pipe work pressure drop.   

É But CO2 also has some disadvantages, such as its low 
critical temperature, high pressures in refrigeration cycle 
and high coefficient of expansion.  

É So CO2 refrigeration cycle is always in trans -critical 
operation in high ambient with air cooled condensers, 
which cause the capacity and COP reduction. 

Transcritical Carbon Dioxide (R744) Refrigeration 
Cycles  

http://www.nctu.edu.tw/


É Due to the critical point of CO 2 (73.77 bar and 30.85̄C) the 
refrigeration cycle has to be operated transcritically when the 
ambient temperature is near or higher than the critical 
temperature.  

É In this case the evaporation takes place at subcritical pressure 
and temperature and the heat rejection at supercritical state.  

cycles of subcritical and transcritical operation of CO2 
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Schematic diagram of a CO2 refrigeration 

cycle (heat pump cycle) 

É The main components of 
a CO2 refrigeration cycle 
are compressor, gas 
cooler (instead of a 
condenser because of the 
supercritical heat 
rejection, which occurs 
sometimes), internal heat 
exchanger, expansion 
valve, evaporator and 
low-pressure receiver.  
 

É At the transcritical cycle 
the compressor sucks 
refrigerant as superheated 
vapor and compresses to 
high pressure.         
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Schematic diagram of a CO2 refrigeration cycle (heat pump cycle) 

É At the supercritical pressure, 
the CO2 is cooled in the gas 
cooler by transferring a heat 
flux to the ambient climate.  
 

É The CO2 is cooled down 
near to the ambient 
temperature.  
 

É In the internal heat 
exchanger the high-pressure 
CO2 is cooled and the low-
pressure CO2, as saturated 
vapor from the receiver, is 
superheated. Then the 
refrigerant is throttled to 
low pressure. 

http://www.nctu.edu.tw/


Types of refrigerants  
 

ɈRefrigerants can be divided in two main 
groups:  

ɬsynthetic (basically halocarbon fluids: CFCs, 
HCFCs and HFCs) and non-synthetic 
(hydrocarbons, carbon dioxide, ammonia, 
water, air ɬ so-called natural refrigerants).  

ɬNatural,  such as hydrocarbons, carbon 
dioxide, ammonia, water, air and the like.  
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The Mollier Diagram 
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How are refrigerants named? 

R ï 134a 
refrigerant 

one less than the 

# of carbon 

atoms 

one plus the # of 

hydrogen atoms 

# of fluorine atoms 

structure of 134 

molecule 

http://www.nctu.edu.tw/
http://en.wikipedia.org/wiki/File:1,1,1,2-Tetrafluoroethane.svg
http://en.wikipedia.org/wiki/File:1,1,1,2-tetrafluoroethane-3D-balls.png
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Types of Refrigerants 

Prefix Stands for 
Atoms in 

Molecule 
Example 

CFC chlorofluorcarbon Cl, F, C 
CFC-11 

(R-11) 

HCFC hydrochlorofluorocarbon H, Cl, F, C 
HCFC-22 

(R-22) 

HFC hyrofluorocarbon H, F, C 
HFC-134a 

(R-134a) 
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Applications vary  

Ɉrefrigerators / freezers R-11, R-12, R-134a 

Ɉair conditioners / heat pumps R-22, R-410A 

Ɉchillers  R-11, R-12, R-123, R-22, R-134a 

Ɉcommercial refrigeration  R -12, R-22, R-502, 

R-404A 

Ɉindustrial refrigeration  R-12, R-22, R-502, R-

134a, NH3 
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Desirable Refrigerant 
Characteristics 

Thermodynamic 

high latent heat 

low freezing 

temperature 

positive evaporator 

pressure 

low condensing 

pressure 

Physical 

high heat transfer 

low water solubility 

stability 

Safety 

nonflammable 

non toxic 

non irritability 
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SELECTING THE RIGHT REFRIGERANT 
Å Several refrigerants may be used in refrigeration systems such as chlorofluorocarbons 

(CFCs), ammonia, hydrocarbons (propane, ethane, ethylene, etc.), carbon dioxide, air (in 
the air-conditioning of aircraft), and even water (in applications above the freezing point).  

Å R-11 (R-123), R-12, R-22, R-134a, and R-502 account for over 90 percent of the market. 

Å The industrial and heavy-commercial sectors use ammonia (it is toxic). 

Å R-11 is used in large-capacity water chillers serving A-C systems in buildings. (currently 
replaced by R-123) 

Å R-134a (replaced R-12, which damages ozone layer) is used in domestic refrigerators 
and freezers, as well as automotive air conditioners.  

Å R-22 is used in window air conditioners, heat pumps, air conditioners of commercial 
buildings, and large industrial refrigeration systems, and offers strong competition to 
ammonia.  

Å R-502 (a blend of R-115 and R-22) is the dominant refrigerant used in commercial 
refrigeration systems such as those in supermarkets. 

Å CFCs allow more ultraviolet radiation into the earthôs atmosphere by destroying the 
protective ozone layer and thus contributing to the greenhouse effect that causes global 
warming. Fully halogenated CFCs (such as R-11, R-12, and R-115) do the most damage 
to the ozone layer. Refrigerants that are friendly to the ozone layer have been developed. 

Å Two important parameters that need to be considered in the selection of a refrigerant are 
the temperatures of the two media (the refrigerated space and the environment) with 
which the refrigerant exchanges heat. 
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The choice of refrigerant 

ɈDependence? 

ɬThe efficiency of a Carnot heat engine is independent 
of the working medium of the engine.  

ɬThe coefficient of performance of a Carnot 
refrigerator is independent of the refrigerant.  

ɬVapor-compression cycle cause the coefficient of 
performance to dependent to some extent on the 
refrigerant.  

ɈOther factors: 

ɬtoxicity, flammability, cost, corrosion properties, 
vapor pressure in relation to temperature, etc. 
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ɈSafety, risk & regulation  

ɬEnvironmental impacts  

ɬLikelihood of future availability  

ɈRefrigerant properties  

ɬToxicity & flammability  

ɬThermodynamic & Transport  

ɬOther 

Ɉ Economics 

ɬ Operating efficiency  

ɬCapital costs (refrigerant & equipment)  

Ɉ Staff capabilities 
56 
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ÅTwo requirement: 
ïThe vapor pressure of the refrigerant at the evaporator temperature 

should be greater than atmospheric pressure to avoid air leaking.  

ïThe vapor pressure at the condenser temperature should not be 

unduly high, because of the initial cost and operating expense of 

high -pressure equipment.  

ÅRefrigerants 
ïAmmonia, methyl chloride, carbon dioxide, propane and other 

hydrocarbons 

ïHalogenated hydrocarbons 

Åcommon in 1930s (e.g. CCl3F, CCl2F2) and now mostly end 

Åstable molecules causing severe ozone depletion 

Åreplacements are certain hydrochlorofluorocarbons, less than fully 

halogenated  hydrocarbons, and hydrofluorocarbons which contains 

no chlorine (e.g., CHCl2CF3, CF3CH2F). 
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Synthetic refrigerants  
 ɈRefrigerators from the late 1800s until 1929 used the higher 

toxicity gases - ammonia, methyl chloride, and sulphur 
dioxide . Fatal accidents occurred from time to time because 
of leakage from refrigerators.  

ɈIn 1928, CFCs and HCFCs were invented as substitutes for 
the higher toxicity and flammable refrigerants . CFCs and 
HCFCs are a group of aliphatic organic compounds 
containing the elements carbon and fluorine , and, in many 
cases, other halogens (especially chlorine) and hydrogen.  

ɈMost CFCs and HCFCs tend to be colorless, odorless, non-
flammable, non-corrosive substances. Because CFCs and 
HCFCs have low toxicity, their use eliminated the danger 
posed by refrigerator leaks. 

http://www.nctu.edu.tw/


Chlorofluorocarbons  (CFC)  
Inert, non -toxic, non -flammable compounds with low boiling 

points that once is called the perfect refrigerants.  

 
 

ɈCFCs consist of chlorine, fluorine, and carbon . The most 
common refrigerants in this group are R -11, R-12 and R-115 
(within the blend R -502).  

ɈWidespread use since the 1930s, in nearly all applications. 

ɈContain no hydrogen, CFCs are very chemically stable , and 
tend to have good compatibility with most materials and 
traditional lubricants such as mineral oils  

ɈGenerally good thermodynamic and transport properties , 
thereby offering the potential for good efficiency.  

ɈHowever, because they contain chlorine , CFCs are damaging 
to the ozone layer, and due to their long atmospheric life, the 
CFCs have a high ODP. 

ɈSimilarly, they are strong greenhouse gases with high GWP.  
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Hydrochlorofluorocarbons  (HCFCs)  
 Ɉ HCFCs consist of hydrogen, chlorine, fluorine, and carbon. The most 

common refrigerants in this group are R -22, R-123 and R-124 (within 
various blends).  

Ɉ Widespread use since the 1930s, in nearly all applications, including 
commercial refrigeration, cold storage, transport refrigeration, 
stationary air conditioning and chillers.  

Ɉ HCFCs Contain hydrogen, HCFCs are theoretically less chemically 
stable than CFCs, but nevertheless tend to have good compatibility 
with most materials  and traditional lubricants such as mineral oils.  

Ɉ Good thermodynamic and transport properties , thereby offering the 
potential for very good efficiency.  

Ɉ As with CFCs, because of the chlorine content, they are damaging to 
the ozone layer , although with a relatively low ODP . 

Ɉ Similarly, they are strong greenhouse gases with high GWP.  
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Hydrofluorocarbons (HFCs)  
 Ɉ HFCs consist of hydrogen, fluorine, and carbon. The most common 

refrigerants in this group are R -134a, R-32, R-125 and R-143a (mostly 
within blends, such as R-404A, R-407C and R-410A). 

Ɉ Large scale use since the 1990s, in nearly all applications that have 
traditionally used CFCs and HCFCs, including domestic and 
commercial refrigeration, cold storage, vehicle air conditioning, 
transport refrigeration, stationary air conditioning and chillers.  

Ɉ HFCs are generally chemically very stable, and tend to have good 
compatibility with most materials .  

Ɉ Not miscible  with traditional lubricants, synthetic oils are needed.  

Ɉ Their thermodynamic and transport properties range from fairly to 
very good, thereby offering the potential for good efficiency.  

Ɉ HFCs contain no chlorine, do not damage the ozone layer. 

Ɉ However, due to their long atmospheric lifetime, they are typically 
strong greenhouse gases with high GWP.  
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Environmental Effects of 
Refrigerants  

 - Depletion of the ozone layer in the stratosphere 
(CFC/HCFC) 

 

- Global warming : (CFC/HCFC/HFC)  

 Refrigerants directly contributing to global warming 
when released to the atmosphere 

 

 Indirect contribution based on the energy 
consumption ( CO2 produced by power stations ) 

http://www.nctu.edu.tw/


63 

Background The sooner the lesser 

The sooner we 

introduce 

alternatives for 

todays HFCs, the 

lesser the impact 

would be 

Source: 

 ñThe large contribution of projected HFC emissions to future climate forcingò by Guus J.M.Velders et.al. 

If we start earlieré 

Montreal Protocol 

impact 

http://www.nctu.edu.tw/
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Background HFC Growth (BAU)and Impact of Developing Countries 

Source:  

ñProjections of global emissions of fluorinated green house 

gases in 2050ò by Ö ko Recherche 

Quick Gain is important  

Impact of  

Refrigeration/AC 
Note: includes stationary and mobile AC 

Impact of  
Developing 
Countries 

Impact of  

Commercial Refrigeration 

http://www.nctu.edu.tw/


Refrigerants & Climate Change 

hot 

research 

areas 

#ôs 

relative 

to R-11 
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Subjects 

Research & 
Evaluation of  

Every Alternatives 

CFC12 to R134a 

R22 to R410A  

Hydro Carbon  

CO2 

R32 

HFO1234yf 
 development  

1990  1995  2000  2005  2010  

Montreal  

Protocol  

Kyoto  

Protocol  

Post Kyoto &  

HCFC Phase out  

(Dvlp=2020, Dvlping=2030)  

Absorption, Stirling,  
HFC, Water, Air cycle  

Technology  

development  

Evaluation of safety 

modification equipment  

Development of  
CO2 heat pump  

CO2 water heater  (Eco -Cute)  

CO2 VRV (in 2008)  

 start sales   

Development of R32 A/C  

Japan -U.S.  

joint project  

Development  
for mitigation  
of global warming  

Development for  
 ozone protection  

On hold  

Because R410A adopted to all equipment as global solution  

HFC as optimal  

solution  

Evaluation of HFO  

and the mixture  

What are the Possible Options?   

Release  R134a for container & chiller  

R410A for room A/C and  

R407C for commercial A/C  

    (converted to R410A from 2003)  

 Developed technology 

 for commercialization  

Reconsider 

R32 

Installed about 500 HC A/C units  

for beer factory  

http://www.nctu.edu.tw/


Refrigerants with zero ozone 
depleting potential (other than HFCs)  
ɈPerfluorocarbons  
ɬThey represent another group of fluorocarbons which contains five 

different fluids. One of these (R218) is occasionally used in refrigerant 
blends. Generally PFCs are very stable, but as a result have very high 
GWP. 

ɈUnsaturated HFCs  
ɬWhilst conventional HFCs are saturated, there are a small number of 

unsaturated HFCs, known as olefins . Generally, there are highly 
unstable, but recently a small number have been identified which are 
sufficiently stable  to be used as refrigerants, and have low -toxicity 
and low flammability and low GWP . The two receiving most interest 
are R-1234yf and R-1234ze; the former is being considered for use in 
MVAC systems, but it is unlikely that they will be applied as 
refrigerant in other sectors for several years.   

http://www.nctu.edu.tw/


ɈHydrofluoroethers  (mainly for solvent)  

ɬThis group of fluorinated chemicals tends to be fairly 
stable and amongst them have a fairly wide range of 
boiling points, although they tend to be lower pressure 
fluids. They have been considered as use as refrigerants, 
but to date have not achieved market acceptance for 
various reasons.  

ɈNatural refrigerants  

ɬVarious hydrocarbons, ammonia and carbon dioxide 
ÉÌÓÖÕÎɯÛÖɯÈɯÎÙÖÜ×ɯÕÈÔÌËɯɁÕÈÛÜÙÈÓɯÙÌÍÙÐÎÌÙÈÕÛÚɂȭɯ ÓÓɯ
natural refrigerants exist in material cycles present in the 
nature even without human interference. They have zero 
ODP and zero or negligible GWP.  

ɬSome natural refrigerants: Ammonia (NH 3, R-717) , 
Carbon dioxide (CO 2, R-ƛƘƘȺɯȮɯ'àËÙÖÊÈÙÉÖÕȱ 

http://www.nctu.edu.tw/


Ammonia as Refrigerant  
ɈAdvantages 
ɬODP = 0, GWP = 0 
ɬExcellent thermodynamic characteristics: small molecular 

mass, large latent heat, large vapor density and excellent 
heat transfer characteristics 
ɬHigh critical temperature (132 C̄)  : highly efficient cycles 

at high condensing temperatures 
ɬIts smell causes leaks to be detected and fixed before 

reaching dangerous concentration 
ɬRelatively Low price  

ɈDrawbacks: 
ɬToxic 
ɬFlammable ( 16 ɬ 28% concentration ) 
ɬNot compatible with copper  
ɬTemperature on discharge side of compressor is higher 

compared to other refrigerants  

http://www.nctu.edu.tw/


Source: Manual for Refrigeration Servicing Technicians  

 

http://www.nctu.edu.tw/


Refrigerant physical properties  

Cond.Press. 
MPa  

ODP 
GWP  

(IPCC4)  
Life 
Year  

Flamm 
-ability 

Toxicity  

R22  Single 1.73 0.05 1810  11.9  No  Low  

H
F

C
 

R410A  Azeotrope 2.72 0 2090  5-29 No  Low  

R407C  Zeotrope  1.86 0 1770  5-29 No  Low  

R32  Single 2.80 0 675  5  Low*1 Low  

HFO1234ze Single 0.88 0 6 11 days Low*1 Low*3 

HFO1234yf  Single 1.16 0 4  7 days Low*1  Low*3 

HFO mixture  Under investigation Low  

N
o

n
-H

F
C

 

Propane (R290)  Single 1.53 0 3  Some days  High Low  

CO2(R744 )  Single 10.0 0 1  120  No  Low*2  

Ammonia  (R717)    Single 1.78 0 0  0  Low  High 

*1 According to ISO817 draft 

*2 Practical limit is 0.1 kg/m³ according to EN378 

*3 Based on latest data proposed for ASHRAE34 

Following table shows properties of alternative refrigerants compared to R22. 

http://www.nctu.edu.tw/


Carbon Dioxide as Refrigerant 

ɈNon Flammable 

ɈNon toxic  

ɈInexpensive and widely available  

ɈIts high operating pressure provides potential 
for system size and weight reducing potential.  

 

Drawbacks:  

ɈOperating pressure (high side) : Above 80 bars 

ɈLow efficiency  

 

http://www.nctu.edu.tw/
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Air -source CO2  transcritical heat pump 

Mayekawa Mfg. Co., Ltd. 

ḑelivering hot water, with screw type compressor 

şupplied to Japan, South Korea, Taiwan, Indonesia 

http://www.nctu.edu.tw/


Water-source  CO2  transcri tical heat pump  
Mayekawa Mfg. Co., Ltd. 

ḑelivering hot air, with screw type compressor 

http://www.nctu.edu.tw/


Hydrocarbon Refrigerants  
Ɉ4ÚÌËɯÚÐÕÊÌɯÛÏÌɯƕƜƜƔɀÚ 
ɈZero ODP and negligible GWP 
Ɉ&ÖÖËɯÚÜÉÚÛÐÛÜÛÌÚɯÍÖÙɯ"%"ɀÚȮɯ'"%"ɀÚȮɯÈÕËɯ'%"ɀÚȭ 
ɈDrop in solution  
ɈCompatible with copper  
ɈMiscible with mineral oil  
ɈA third of original charge only is required when 

replacing halocarbons refrigerant in existing 
equipment  
ɈEnergy saving : up to 20% due to lower 

molecular mass and vapor pressure 
 

Drawback :  
ɈFlammable 
 

 

http://www.nctu.edu.tw/


Why R-1234yf? 

ɈGWP  = 4 

ɈSimilar to R-134a (property & production)  

ɈDrop -in replacement of R-134a 

http://www.nctu.edu.tw/


  molecular weight  
critical 

temperature  
Critical pressure  

R-134a 102 g mol -1 374.13 K 4.07 MPa 
R-1234yf 114.042 g mol-1 367.85 K 3.382 MPa 

Table 1a ς Fundamental constants of HFO-1234yf. 
 

T 
C̄ 

Fluid  P 
kPa 

rL 
kg/m 3 

rG 
kg/m 3 

mL 
ϟ/ÈɯÚ 

mG 
ϟ/ÈɯÚ 

k L 
W/m K  

k G 
W/m K  

i LG 
kJ/kg  

Ϧ 
N/m  

CpL 
kJ/kg K  

CpG 
kJ kg K  

0 R-134a 292.8 1295 14.43 271.1 10.73 0.092 0.01151 198.6 0.01156 1.341 0.0897 

R-1234yf 315 1175 17.17 220 11.44 0.0746 0.0091 162.3 0.0093 1.259 0.933 

5 R-134a 350 1278 17.14 254.4 10.94 0.0898 0.01195 194.8 0.01085 1.355 0.921 

R-1234yf 372 1160 20.8 206 11.67 0.073 0.0094 159 0.00868 1.275 0.957 

10 R-134a 414.6 1261 20.23 238.8 11.15 0.0876 0.0124 190.7 0.01014 1.37 0.946 

R-1234yf 436 1144 24.4 194 11.9 0.0713 0.0098 155.6 0.0081 1.293 0.983 

20 R-134a 571.7 1225 27.78 210.7 11.58 0.0833 0.01333 182.2 0.00876 1.405 1.001 

R-1234yf 590 1111 33 171 12.36 0.0672 0.0106 148.3 0.0067 1.332 1.041 

30 R-134a 770.2 1187 37.54 185.8 12.04 0.079 0.01433 173.1 0.00742 1.446 1.065 

R-1234yf 782 1075 44 152 12.86 0.0631 0.01143 140.1 0.00563 1.379 1.11 

40 R-134a 1017 1147 50.09 163.4 12.55 0.0747 0.01544 163 0.0061 1.498 1.145 

R-1234yf 1017 1037 58.3 134 13.49 0.0586 0.0123 131.1 0.00462 1.437 1.196 

50 R-134a 1318 1102 66.27 143.1 13.12 0.0704 0.01672 151.8 0.0048 1.566 1.246 

R-1234yf 1301 993.3 76.7 118 14.12 0.054 0.01326 120.9 0.0035 1.515 1.31 

Table 1b ς Thermodynamic and transport properties of HFC-1234yf. 
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