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Abstract
The use of HCFCs, and specifically R-22, are commonplace in a variety of refrigeration and air-conditioning systems. Simply substituting R-22 to HFC alternatives, such as R407C, R404A and R410A offers no benefit in reduction of greenhouse gas emissions, and in fact, increases the amount of global warming gases in most cases. Therefore it is desirable to use alternatives that not only have zero ozone depletion potential (ODP) and negligible global warming potential (GWP), but which also offer improvements in potential efficiency, thereby reducing indirect emissions associated with electricity production. This paper identifies the main areas where natural refrigerants – specifically hydrocarbons, ammonia and carbon dioxide – can be used to substitute the use of HCFCs in refrigeration and air-conditioning equipment. Due to their particular physical characteristics these natural refrigerants cannot always be applied as a direct replacement for conventional fluids. To illustrate these differences, an overview of the technical implications is provided. The applications where natural refrigerants can be used are identified which also allows for an estimation of the potential reduction in emissions of global warming gases for China. This in turn is compared against the GWP impact should all HCFCs be replaced with HFCs. Lastly, given the notable benefits arising from the use of natural refrigerants, a summary is provided of the large number of end users now making fluorine-free refrigeration and air-conditioning part of their corporate policies .
1. Introduction
The issue of climate change is escalating in importance and there is increasing attention paid to means for reducing current and future emissions of greenhouse gases. With the new restriction applied to the production and use of hydrochlorofluorocarbons (HCFCs), this offers China an excellent opportunity for avoiding further emissions of the potent greenhouse gases: hydrofluorocarbons (HFCs). Emissions reductions of this type may be achieved through the use of so-called natural refrigerants, including ammonia (R-717), hydrocarbons (HCs, particularly R-290 and R-1270) and carbon dioxide (R-744). 

The general objective of this paper is to identify the possibilities for using natural refrigerants within refrigeration and air conditioning (RAC) equipment, primarily for residential and commercial applications, and to estimate the potential emissions reductions by comparison with the continued use of fluorinated fluids. 
The study follows the sequence:

· Environmental impact of refrigerants

· Application of natural refrigerants

· Commentary on energy consumption

· China RAC equipment data

· Estimation of emissions

[Finalise text]
2. Environmental impact

The most significant impacts of the use of HCFCs are ozone depletion and global warming effects, once emitted to the atmosphere. The recently accelerated phase-out of HCFCs in Article 5 countries are intended to further mitigate against ozone depletion effects, but also with the intention of reducing emissions of greenhouse gases [quote from MOP19??]. 
Presently, a variety of organisations are promoting the use of HFCs (for example, R-134a, R404A, R-407C and R-410A) as replacements for HCFCs (primarily R-22) as used in RAC equipment. However, if such replacements are widely adopted, significant implications will arise due to their high global warming potential (GWP), which in some cases is greater than that of R-22 (see Table 1). Thus, from a global warming perspective, the adopted use of HFCs seems somewhat illogical. 

Table 1: GWP and ODP of various refrigerants
	Refrigerant
	Composition/chemical type
	ODP (Montreal)
	GWP100 (Kyoto)

	GWP100 (WMO, 2007)

	R-22
	HCFC
	0.055
	-
	1,810

	R-134a
	HFC
	0
	1,300
	1,430

	R-404A *
	HC mixture
	0
	3,260
	3,920

	R-407C ‡
	HFC mixture
	0
	1,530
	1,770

	R-410A †
	HFC mixture
	0
	1,730
	2,090

	R-290
	Propane
	0
	-
	(~3)

	R-1270
	Propylene
	0
	-
	(~3)

	R-744
	Carbon dioxide
	0
	1
	1

	R-717
	Ammonia
	0
	-
	0

	† Composition by mass: 50% R-32, 50% R-125

‡ Composition by mass: 23% R-32, 25% R-125, 52% R-134a
* Composition by mass: 44% R-125, 4% R-134a, 52% R-143a


Moreover, a deeper look at the warming impact of HFCs indicates that the potential hazard of widespread replacement of HCFCs is more severe than suggested solely through GWP values. Figure 1 shows the actual warming impact following the release of 1 kg of various HFCs (which represent the components of the HFC mixture in Table 1) and 1000 kg of CO2, calculated as the absolute global temperature potential (Shine et al, 2004). It is seen that for all of the HFCs, there is an immediate warming impact during the first 20 – 30 years, which then diminishes until decomposition. Due to the use of a 100-year integration period for calculating the GWP of such fluids, this impact is normally hidden. Considering the temperature rise, it can be seen that the immediate effect of emissions of HFCs is up to 3½ times more severe than is implied by the GWP100. Given the increasing understanding of the relevance of the feedback mechanisms that are likely to accelerate climate change (IPCC, 2007), this characteristic of high-GWP refrigerants should be taken into account. 
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	Figure 1: Actual warming effect from the release of 1 kg of various HFCs and 1000 kg of CO2


Notwithstanding, if emissions reporting is to be considered, the issue of replacing HCFCs with HFCs is of even greater concern. Since HCFCs are not considered within the Kyoto emissions reporting requirements, the introduction of Kyoto gases will result in the automatic increase of reported emissions. [Is China obliged to report these emissions?] 

Also, from a general environmental perspective, it is important too note that the manufacture of the most common HFCs (specifically those listed in Table 1) all require the production of HCFCs and/or CFCs (IPCC/TEAP, 2005). This inevitably results in the emissions of ozone depleting substances (ODSs) in the manufacturing process (e.g., Banks et al, 1998), which are incidentally not controlled by the Montreal Protocol. 
Given the environmentally hazardous implications of replacing HCFCs with HFCs, there is a very strong case for the adoption of natural refrigerants, which are known to exhibit negligible environmental impact, particularly with respect to global warming (Table 1). The following provides a basic overview of the characteristics of these natural refrigerants, although more detailed information is widely available elsewhere.
· R-717 is a commonly occurring substance in nature, and its environmental characteristics are well-known. It has zero ODP and negligible GWP. In fact, ammonia is used extensively within the agricultural industries, which dwarfs any potential use within the RAC sector. 
· HCs also exist in nature and the environmental impact of these fluids is well known. R-290 and R-1270 have zero ODP and a negligible GWP; because the atmospheric life of HCs is so short, the direct GWP is very low, probably less than 1 (Collins, 2006). The only environmental impact associated with HCs that is of photochemical ozone production. However, the contribution is minute by comparison with existing volatile organic compound (VOC) emissions in China, where, if all RAC systems used HCs, the emissions would only account for less than 0.05% of existing VOC emissions (based on VOC data in Klinger et al, 2002). As with ammonia, HCs are used extensively in a variety of other industries, which emissions would make the potential emissions from RAC negligible.
· R-744 is again a commonly occurring substance in nature, and its environmental characteristics are extremely well-known. It has zero ODP and a GWP of 1. Its use in the RAC sector would also be miniscule by comparison with all other sources of carbon dioxide emissions. 
In conclusion, these natural refrigerants have minimal environmental impact, by comparison with those of HCFCs and HFCs. Moreover, they have been in common use for many decades and their nature is very well understood. Adoption as refrigerants certainly implies an environmentally safe option. 
3. Application of natural refrigerants 

Historically the three natural refrigerants – R-717, HCs and R-744 – have been used in a large number of situations since the advent of vapour-compression and sorption refrigeration in the mid-1800s. As a result, there is extensive accumulated knowledge and experience with them. Nevertheless, there are reasons for why these refrigerants are not currently extensively used in most applications. 

There are three main factors affecting the application of any refrigerant: these are cost, safety and technological status. In principle, virtually any refrigerant can be used for any application; the key is to ensure that is can be applied using an acceptable budget and that will not pose significant hazards to workers or to members of the public. Typically, the difficulties in adopting R-717 and HCs are related to safety issues, whilst with R-744 they are pressure-related matters. Generally, such considerations are handled through the use of safety standards, such as the European Standard on environmental and safety requirements for refrigeration systems, EN 378. More specific guidance of how to appropriately use these refrigerants may be found in codes of practice; for example, the British Institute of Refrigeration Code of Practice for Ammonia (IOR, 2007a), for A2/A3 Refrigerants (IOR, 2007b) and for Carbon Dioxide (IOR, 2007c).
In terms of economic factors of adopting alternative technologies, it is important to recognise that the cost of systems using technology that deviates from the standard, generally attract higher initial costs. This is often due to the scale of economies, for example, the “purchasing power” of the organisations involved. It is also observed that many companies that develop more environmentally-friendly products attach a “green” premium, thereby artificially inflating the selling price of their goods. Nevertheless, a useful example is the case of domestic refrigerators transition from R-12 and R-134a to a HC; R-600a. There are now over 200 million domestic refrigerators on the market (UNEP, 2007) with no premium attached to them, when compared to R-134a units, despite initial concerns of increased production expenditure. 

In recent years, there has been increasing research and development work carried out into natural refrigerants within China (e.g., Wang and Li, 2007), demonstrating that the level of expertise in this region is extensive and of a high standard.

R-717 (ammonia; NH3)
The main consideration with using R-717 is its safety: under ISO 817 which allocates safety classifications to refrigerants, it is identified as having “higher toxicity” and “lower flammability”, giving it a Group B2 classification. Previously, R-717 has been in common use in many industrial and food-processing applications for many years, and as such its handling and technology is well understood. However, the use of R-717 has broadened into other sectors, such as chillers for air-conditioning and in secondary systems for supermarkets. An excellent overview of the implication of using ammonia is in Lindborg (2007).
The B2 classification for R-717 means that it is effectively prohibited from use inside occupied spaces (except for sorption machines), but it can be accommodated in unoccupied spaces or outside (Table 2). Thus R-717 can be used where indirect (or secondary) systems can be economically adopted. In addition, consideration needs to be given to ventilation requirements and the consequences of a release, where it may come into contact with members of the public. 
Table 2: Safety characteristics and simplified refrigerant charge limits (EN 378: 2007)
	Criteria
	R-717
	R-290, R-1270
	R-744

	Max. working pressure at 32°C ambient †
	15 bar
	14 bar, 16 bar
	~100 bar ‡

	Safety group
	B2
	A3
	A1

	Practical Limit
	0.00035 kg/m3
	0.008 kg/m3
	0.10 kg/m3

	Maximum refrigerant charge sizes:
	
	
	

	· In public occupied space
	Practical limit
	1 – 2.5 kg
	Practical limit

	· In non-public occupied outside area
	2.5 – 10 kg
	1 – 10 kg
	No restriction

	· In human occupied outside area
	25 kg – no limit
	5 – 10 kg
	No restriction

	· In unoccupied space
	10 – 25 kg
	5 – 25 kg
	No restriction

	· In unoccupied machinery room
	No restriction
	No restriction
	No restriction

	· In unoccupied outside area
	No restriction
	No restriction
	No restriction

	† Say, a 40°C condensing temperature for sub-critical systems
‡ This value is highly variable and is a function of circuit design, evaporating temperature, and so on


Hydrocarbons (HC)
Both R-290 and R-1270 are lower toxicity and high flammability, giving them a Group A3 classification in ISO 817. As summarised in Table 2, this also introduces stricter safety requirements, in terms of the quantities permitted in certain locations – specifically within occupied spaces. 

In terms of the refrigerating system, using R-290 and R-1270 is essentially identical to using R-22. For example, the same compressor displacement, pipe seizes, heat exchanger dimensions and oil selection may be used (although as with any fluids whose thermophysical properties differ, opportunities for optimisation should be exploited). The only significant difference in the design of equipment is the avoidance of potential sources of ignition on the equipment, for example, switches, thermostats, etc., that are capable of producing a spark. Guidance for this is well documented (e.g., EN 378, 2007, IOR, 2007b). In addition, because of the charge size limitations for systems in occupied spaces, it is beneficial to design the system to maintain a small refrigerant charge (for a specific capacity), i.e., low specific charge in terms of kg/kW.  

With respect to the potential flammability hazard, Figure 2 illustrates some example results from a quantitative risk assessment (QRA). This shows the risk of ignition for a commercial refrigerated cabinet using 0.5 kg of R-290, using a QRA model developed specifically for this purpose (Colbourne and Suen, 2004). The value of the far-left data-point is the risk of ignition of a basic design according to EN 378; this implies about 1 ignition event in 10 million units per year. However, each subsequent data-point to the right is the result of the QRA where alternative features have been incorporated into the design of the cabinet; in this case showing that the risk can easily be reduced by two orders of magnitude. (It is noted that these frequencies are for ignition of any type of release, and the case of an ignition that could produce damage to people or property is typically around 1% or less of the general ignition frequency.) These values are significantly lower (by a factor of at least 10,000) that the UK Health and Safety Executive (HSE) recommended risk tolerances. By means of comparison, data is also included in Figure 2 that shows the probability of a house fire (in the UK) arising from other appliances, typically due to electrical faults. These are also seen to be around 1,000 times higher than the risk of ignition from using flammable refrigerants.
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	Figure 2: Reduction of flammability risk through design measures and comparison with other risk measures


Carbon dioxide (CO2)

In terms of its fundamental safety properties, R-744 has a lower toxicity and no flammability, giving it a Group A1 classification in ISO 817. This means that its use is permitted is almost any situation, without restriction of refrigerant charge sizes. However, the fact that R-744 has a very high working pressure (see Table 2) does introduce some technical problems. Specifically, this increases the pressure rating of components and assemblies by a factor of 5 – 10 times above that of conventional refrigerants. As a result, the choice of materials, component thickness, jointing methods and mechanical operation of certain components (such as compressors) have been affected. Current developments have managed to overcome most of these issues for a wide variety of equipment sectors, although the cost implications of handling these high-pressure aspects mean that in some cases, the costs of adopting R-744 are presently prohibitive. In particular, this relates to equipment that has a large internal volume. 
Another feature of R-744 that introduces technological challenges is the low critical point (the condition at which the vapour and liquid density are equal and the liquid and vapour phases can no longer be distinguished), which is 31°C. If the heat sink temperature is above this temperature, then a variant of the conventional vapour compression cycle is required by the RAC equipment. Massive research and development efforts have been carried out into this topic for the past decade and as such there is now technologically mature equipment available on the market. 
4. Refrigerant impact on energy consumption
System energy consumption is an important issue since it relates approximately to the global warming emissions arising from electricity production. For example, in China, the electricity emissions factor is 1.05 kg CO2 per kWh, in 2002 (IPCC/TEAP, 2005); i.e., for each kWh of electricity consumed, the equivalent of just over 1 kg of CO2 is emitted. 
The energy consumption of a system is related to a number of factors, including the 

· Use of ancillary components, such as electric motors for fans/pumps and controls

· Parasitic energy use from lighting, resistance and defrost heaters

· Motor efficiency and mechanical losses within the compressor

· Specific external conditions, such as heat sink and heat source temperatures

There are also a number of thermodynamic losses associated with the design of the components, and many of these can be related to the properties of the refrigerant. Specifically, these include pressure losses along pipework and heat exchangers, refrigerant-side heat transfer in evaporator and condenser and leakage and heat transfer within the compressor. They key properties that affect these losses are:
· Low liquid and vapour viscosities
· High liquid specific heat

· High liquid and vapour thermal conductivities

· High latent heat

· Minimal temperature glide

Values for these refrigerants are presented in Table 3. When various refrigerants are compared with respect to these properties, it is seen that the natural refrigerants – R-290, R-1270, R-744 and R-717 – are more favourable in almost all respects, according to the list above. 
However, it is important to understand the implications of these observations. Specifically, this does not mean that these refrigerants automatically offer a higher efficiency – although it is observed in many cases – but that they are significantly more susceptible to achieving higher efficiency when the equipment is designed accordingly. In other words, the natural refrigerants demonstrate a higher potential efficiency than the others listed. 
Table 3: Important properties of selected refrigerants at 0°C (Lemmon et al, 2007)
	Refrigerant
	Liquid viscosity 

(Pa s ( 106)
	Vapour viscosity

(Pa s ( 106)
	Liquid specific heat 

(kJ/kg K)
	Liquid thermal conductivity 

(W/m K)
	Latent heat 

(kJ/kg)

	R-22
	216
	11.4
	1.17
	0.095
	205

	R-134a
	267
	10.7
	1.34
	0.092
	199

	R-404A
	179
	11.0
	1.39
	0.073
	166

	R-407C
	211
	11.3
	1.42
	0.096
	210

	R-410A
	161
	12.2
	1.52
	0.103
	221

	R-717
	170
	9.1
	4.62
	0.559
	1262

	R-290
	126
	7.4
	2.49
	0.106
	375

	R-1270
	121
	7.8
	2.44
	0.126
	378

	R-744
	99
	14.8
	2.54
	0.110
	231


5. Quantification of emissions
In order to assess the viability of adopting natural refrigerants, and to quantify the potential reduction in emissions of non-CO2 greenhouse gases, a model had to be developed. This model was used to estimate the current and future emissions of R-22 and HFCs from RAC equipment used in residential and commercial applications. Based on the viability of substituting HCFCs and HFCs with natural refrigerants, the potential reduction in greenhouse gas emissions was also estimated.
Equipment population data
In order to understand the potential impact on emissions associated with the use of various alternatives, it I important to use data on the population of different types of equipment. For this study, the range of equipment types was limited to the most common standard categories: residential and commercial air conditioning and commercial refrigeration. Specifically, the following classifications were used, which were chosen primarily because of similarities in their technical characteristics:
· Window/through-the-wall: small integral units used for residential and commercial air conditioning
· Portable: small integral units normally used for residential air conditioning
· Single split

· Multi-split: split systems with two or more evaporators, including variable refrigerant flow (VRF) type systems
· Package, central, ducted: this includes the less common equipment types including ducted splits, roof-top ducted units, indoor packaged units and close control systems
· Chillers: including positive displacement and centrifugal types
· Integral cabinets: stand-alone chilled and freezer cabinets, bottle coolers, vending machines, etc
· Condensing unit: commercial systems fed by a condensing unit including remote chilled and freezer cabinets, and small coldstores 
· Central direct expansion: multi-evaporator systems where a number of cabinets and coldstores are fed by a central compressor/condenser unit, typically employed in supermarkets
Table 4 provides China domestic population data for refrigeration and air-conditioning equipment, based on that available from BSRIA (2006), UNEP (2007) and CPR (2007). The data from 2004 to 2006 is historical and 2007 to 2010 is forecasted from the publications. The forecast up to 2020 was based on extrapolating the existing trends; this implies an approximate doubling of the population, which is a very conservative assumption, based on economic growth projections to that year (e.g., Hodgeson, 2007).
Table 4: China domestic historical and forecast RAC equipment population (000’s)
	Year
	Air-conditioning equipment
	Refrigeration equipment

	
	Window/ through-the-wall
	Portable
	Single split
	Multi-split
	Package, central, ducted
	Chillers
	Integral cabinets
	Cond-ensing unit
	Central direct exp.

	2004
	712
	80
	17100
	630
	52
	43
	4644
	4240
	311

	2005
	540
	78
	19370
	750
	56
	47
	5039
	4600
	338

	2006
	456
	77
	21109
	817
	60
	51
	5467
	4992
	367

	2007
	365
	75
	23215
	909
	63
	55
	5932
	5416
	398

	2008
	292
	74
	25334
	1000
	67
	60
	6436
	5876
	432

	2009
	250
	70
	27420
	1100
	70
	65
	6983
	6376
	468

	2010
	203
	69
	29685
	1180
	73
	71
	7577
	6918
	508

	2011
	164
	67
	35391
	1294
	78
	81
	7371
	7068
	531

	2012
	133
	65
	37460
	1385
	82
	86
	7858
	7512
	564

	2013
	108
	64
	39529
	1475
	85
	90
	8344
	7956
	596

	2014
	88
	62
	41596
	1566
	89
	95
	8830
	8400
	629

	2015
	72
	61
	43663
	1656
	93
	99
	9316
	8843
	662

	2016
	59
	59
	45728
	1746
	96
	104
	9802
	9287
	694

	2017
	48
	58
	47793
	1837
	100
	109
	10287
	9730
	727

	2018
	39
	56
	49856
	1927
	103
	113
	10772
	10173
	759

	2019
	32
	55
	51919
	2018
	107
	118
	11257
	10616
	792

	2020
	26
	53
	53980
	2108
	110
	122
	11742
	11058
	824


Viability of natural refrigerants
The viability of the adoption of various natural refrigerants for each equipment category was assessed based on safety, technological and cost aspects, both for current and anticipated future situations. The potential viability of R-717, HCs and R-744 for the different equipment categories, and also the cost implications, are detailed in Table 5. These potentials consider both current levels of development, and developments anticipated to occur in the immediate future (based on discussions with experts and manufacturers). Overall, it is considered that some 90% of total equipment types can be substituted with natural refrigerants over the next ten years. 

Considering the substitution of HCFCs and HFCs, it is important to consider the use of alternative systems to serve a particular application. Specifically, this is the case with replacing a direct expansion system with indirect (secondary) systems, and indeed combining technologies – for example the use of cascade systems with R-717 or HCs in a high-stage chiller, and circulating R-744 through distributed pipework in a lower temperature circuit. 

Table 5: Viable alternative refrigerants in RAC equipment

	Equipment type
	Potential for using natural refrigerants

	
	R-717
	HCs
	R-744

	
	Viability potential
	Cost increase
	Viability potential
	Cost increase
	Viability potential
	Cost increase

	Windows/through-the-wall
	0%
	–
	100%
	1 – 2%
	50%
	

	Portable
	0%
	–
	80%
	1 – 3%
	50%
	

	Single split
	0%
	–
	80%
	1 – 5%
	50%
	

	Multi-split
	0%
	–
	0%
	–
	50%
	

	Package, central, ducted
	(20%)
	
	(30%)
	5 – 15%
	80%
	

	Chillers
	60%
	20%
	80%
	1 – 5%
	30%
	

	Integral cabinets
	0%
	–
	70%
	1 – 5%
	40%
	

	Condensing unit
	20%
	
	30%
	2 – 10%
	50%
	

	Central direct exp.
	(50%) †
	
	(80%) 
	0 – 20%
	80%
	

	† Indicates where system type has to be changed from direct expansion to indirect/secondary


Emissions data
The total annual emissions was calculated as the sum of emissions for each equipment category, 
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 is the number of units of a particular type and with a particular refrigerant in use that year. It is also noted that these values were actually discretised further according to capacity range, to account for the variation in leak rate with equipment size. 

The basic data for the current HCFC and HFC refrigerant use and emissions is detailed in Table 6, and GWP data is from Table 1. The scenario without the use of natural refrigerants assumes that R-22 is linearly replaced with HFCs over the next 10 years. The alternative scenarios, assume a gradual progression to the adoption of natural refrigerants over the same period, where R-22 is simultaneously phased-out in favour of a mix of HFC and natural refrigerants; ultimately 90% of equipment uses natural refrigerants and the remaining 10% uses HFCs. 
Table 6: Refrigerant usage in RAC equipment

	Equipment type
	Capacity range (kW)
	Refrigerant use (current)
	Charge size † (kg)
	Leakage rate

	Windows/through-the-wall
	2 – 5 
	70% R22, some R407C and R410A
	<1 – 2 
	2 – 5%

	Portable
	2 – 5 
	20% R22, mainly R407C, R410A
	<1 – 2 
	2 – 5%

	Single split
	2 – 12 
	55% R22, R407C, some R410A
	<1 – 5 
	5 – 10%

	Multi-split
	10 – 80 
	75% R22, R407C and R410A
	3 – 50 
	10 – 20%

	Package, central, ducted
	20 – 100 
	mainly R22, some R407C and R410A
	5 – 50
	5 – 20%

	Chillers
	30 – 3000 
	90% R22, R134a
	10 – 500 
	2 – 5%

	Integral cabinets
	<1 – 10 
	70% R22, some R404A and R134a
	<1 – 3 
	1 – 5%

	Condensing unit
	1 – 20 
	90% R22, some R404A and R134a
	<1 – 10 
	5 – 15%

	Central direct exp.
	20 – 1000 
	95% R22, some R404A
	10 – 1000 
	20 – 40%

	† HCFC and HFC charge size; charge size for R-717, HCs and R-744 is normally much less


The results, in terms of total cumulative CO2-equivalent emissions from refrigerants only, are presented in Figure 3. The “no substitution” scenario illustrates the exponential increase in emissions, originating from 2004. In the “substitution” scenarios, either 10% or 20% of the equipment produced uses natural refrigerants, year-on-year, until 90% of the annual production uses them. In these cases, the cumulated emissions reduction is in the order of 70 – 80%.  
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	Figure 3: Cumulative emissions on non-CO2 gases under different substitution scenarios


Figure 4 shows the same basic data, but interpreted as the annual emissions that have to be reported under the UNFCCC. It is observed that the substitution of HCFCs and HFCs by natural refrigerants is followed through, then the reported emissions in 2020 will be similar to those currently. If gradual substitution with HFCs, then the reported emissions will be approximately 10 times greater in 2020 than at present.  
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	Figure 4: Annual reported emissions of non-CO2 gases under different substitution scenarios


It is noted that these data do not account for all RAC systems in China, for example, that used in industrial and process applications.

[Check usage and emissions data for R22 against SEPA report]
6. Concluding remarks

[To be tidied up.]
The most commonly used natural refrigerants are R-717 (ammonia), hydrocarbons and R-744 (carbon dioxide).Their environmental and thermophysical characteristics are well know, and there has been many decades of experience with their application.

The use of HFCs leads to significant environmental effects, primarily global warming, which is of major concern. Also their production leads to emissions of ozone depleting substances.

Adoption of the natural refrigerants can be used to substitute away from using HFCs as HCFCs are phased out.
From an environmental perspective, it is not favourable to replace HCFCs, specifically R-22, with HFC alternatives.
From an emissions reporting point-of-view, the introduction of HFCs to replace HCFCs will result in increased emissions of greenhouse gases by up to 90% in terms of CO2-equivalent.
There is a gradual shift towards the use of natural refrigerants within Europe (e.g., RAC, 2007), and also amongst a number of multi-national companies (e.g., Refrigerants Naturally, 2007). 

China can demonstrate environmental advances beyond what Europe and North America want to entertain, because of the hold that interested parties have on the RAC industry.
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� With the widespread use of natural refrigerants, a large trade association – Eurammon – has evolved over the past decade, which can provide extensive information on the use, application and technologies associated with natural refrigerants (� HYPERLINK "http://www.eurammon.com/" ��http://www.eurammon.com/�). 
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