             Overview on F gas applications

                              Ewald Preisegger

                                            Solvay Fluor GmbH

1. Range of F gas applications

Fluorinated gases are used since decades in a wide range of different applications. While sulphur hexafluoride (SF6) and perfluorocarbons (PFCs) are used in their specific applications such as arc quenching and insulating gas in high and medium voltage electricity distribution systems (SF6) and plasma etching in the production of semiconductors (PFCs) from the beginning of the relevant technologies, HFCs are in the process of substituting the ozone depleting substances CFCs and HCFCs in their typical applications 

· Refrigeration and Air Conditioning

· Cell gas in heat insulating foams

· Propellant for metered dose inhalers (MDIs)

· Stationary fire extinguishing systems

2. Why F gases in these applications? 

HFCs and PFCs are hydrocarbons whose hydrogen atoms are substituted partially or completely by fluorine atoms. Therefore the frequently asked question in environmental discussions "Why F gases in these applications?" also could be reversed as follows:

"Why do we fluorinate hydrocarbons?"
The answer is: Mainly for three reasons:

For safety reasons, as HFCs and PFCs have very low toxicity and are mostly non-flammable. Therefore they are preferably used in cases where specific safety requirements have to be met.

For technical reasons, as fluorinated gases provide "tailor-made" properties for specific application sectors as a prerequisite for high-performing insulation foams and refrigeration systems.

For environmental reasons, as HFCs often provide the best energy efficiency among all available options, thus saving CO2 emissions associated with the generation of heat or electrical energy. The same is true for SF6!

3. HFC applications - example for a specific market sector

Sometimes fears are expressed regarding uncontrolled extension of the application of fluorinated gases in certain market sectors. A typical example is the market for thermal insulation: Only around 10 % of this market in the EU is expected to consist of plastic foams using HFCs as cell gases after the transition from HCFCs to HFCs, and with some likelihood it can be assumed that this fraction will not further increase! 90 % will be plastic foams with hydrocarbons or CO2 as cell gas, and not-in-kind products like mineral wool or foam glass. In other words: Only when the specific properties of HFCs for high performing thermal insulation tasks are really decisive, the normally more expensive rigid foams with HFCs as cell gas are chosen.

4. Contribution of F gases to man-made greenhouse effect

As only HFCs, PFCs and SF6 are listed in the Kyoto Protocol due to the fact that ozone depleting substances (ODS) are controlled by the Montreal Protocol, one could believe that the contribution of HFCs to the man-made greenhouse effect increased dramatically since 1995, the base year for emission monitoring of fluorinated gases.

However, the reality in the atmosphere is quite the opposite: As the CFCs were not only ozone destroyers, but also much stronger greenhouse gases than most of the HFCs which are replacing them; and as HFCs are only used in the core applications of the former CFCs where their application properties are indispensable (remember the example of thermal insulation!), the contribution of HFCs together with PFCs and SF6 to the man-made greenhouse effect is expected not to exceed 2-3 % by 2010. This would correspond to a reduction of about 90 % compared to the contribution of fluorinated gases (mainly fully halogenated chlorofluorocarbons, the CFCs) only 10 to 15 years ago! 

5. The system approach: Impact of F gas application on global warming

Despite the comparably high global warming potential (GWP) of fluorinated gases it would be misguiding to base political decisions on an isolated gas approach, only taking in consideration the direct impact of emissions of these gases.  Especially in energy related applications the whole system has to be taken in consideration, asking the question: "Does the application of a fluorinated gas in this specific system perhaps contribute to reduce emissions of another greenhouse gas listed in the Kyoto Protocol?" Often this will be the case, the other gas being carbon dioxide. To reduce CO2 emissions associated with the generation of heat or electrical energy, energy efficiency of the system is the crucial factor. And often are fluorinated gases the key to increase energy efficiency of systems, thus reducing indirect contribution to global warming by reducing CO2 emissions. Only the net effect counts: If the CO2 emission reduction via F gas induced energy saving is more significant than the CO2 equivalents of emitted F gas, then the use of F gas in that system is advantageous in terms of the systems contribution to the greenhouse effect over its use phase.  

An appropriate tool to quantify the relationship between direct F gas emissions and possible CO2 emission reductions induced by improved energy efficiency of systems using fluorinated gases is a Life Cycle Assessment (LCA). Such life cycle assessments have been carried out for the SF6 application in gas insulated switchgears of an electricity distribution system and for the application of HFC 365mfc as cell gas in heat insulating rigid polyurethane foams. 

The LCA study on “Electricity supply using SF6 technology” compared an electricity supply network of a German city with about 40 km2  and around 130,000 inhabitants. The result was a saving of 21% emissions of greenhouse gases for the supply system with gas insulated switchgears compared to a supply system for the same city using air insulated switchgears over a service life of 30 years. 

The LCA study on “HFC 365 mfc and high performance rigid polyurethane insulation” compared the insulation of a warm flat roof of an industrial building using rigid PU spray foam and the insulation of a cavity wall of a domestic dwelling using rigid PU foam boards with the best non-HFC solution. This is in case of the warm flat roof a water/CO2 blown foam, and in case of the cavity wall insulation a PU foam with n-pentane as cell gas.

The studies showed an average net saving of greenhouse gas emissions of 5% for the foams with HFC 365 mfc as cell gas over a service life of 25 years (industrial building) respectively 50 years (domestic dwelling), thus clearly demonstrating the advantageous effect of an HFC as cell gas in these applications.

6. Integrated environmental policy - balance of measures

Concerning the possible political measures to reduce emissions in the specific applications of fluorinated gases, there is a full range of possibilities from no restrictions at all to a complete phase-out of applications of fluorinated gases.

These two extremes lead to extremely different consequences:

The option "no restriction" means completely free markets and would end up with some probability in uncontrolled, perhaps increasing emissions. Therefore this option is not considered to be acceptable.

The option "phase out" of course would reduce F gas emissions to zero, but in parallel also would eliminate all opportunities for technical progress and system optimization based on the use of fluorinated gases - clearly counterproductive, also from the environmental view! Therefore, like often, a balance between these two extremes, characterized by 

· system optimization

· product stewardship

· monitoring

· co-operation

will perform best and provide optimum results in terms of environmental, economic and social benefit. Such balance, which we designate as "sustainability corridor", was the main outcome of the subgroup "Fluorinated gases" of the ECCP and should be followed in all further legislation in order to allow a continuous improvement of systems where fluorinated gases already have proven their importance.   

