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On-Site SF6 Gas Analysis  
The Challenges within the Power Industry and a Unique Measurement Development 

By Daniel Mutter, MBW Calibration AG 

Abstract 

This report reviews some of the current issues relating to the gas analysis of SF6 gas filled equipment used 

throughout the power grid. 

Since Kyoto and the introduction of the F-Gas regulations, control of SF6 has become a hot topic worldwide. 

The SF6 community is moving toward a closed cycle of SF6 use, principally as a response to the threat of SF6 

being banned and the potential implications to the power industry. Gas quality measurement forms an integral 

part of SF6 management, especially with respect to any possible release of gas during or after analysis.  

SF6 gas quality must be maintained for its useful properties to remain effective. Routine SF6 gas testing forms 

an integral part of commissioning and maintenance procedures. Commonality of the test procedures varies 

between manufacturers, grid companies, countries and continents. Differences include the frequency of tests, 

methods of measurement, calibration traceability, units of measurement and the use of data. 

SF6 chemistry and the measurement science is associated with routine gas testing are often not well 

understood. For such an important test, measurement uncertainty is usually undefined and without the 

traceability usually expected within quality systems. The need to improve this situation through effective 

training and the adoption of existing best practices from the National and International Metrology structures 

is discussed. 

Also discussed are the key factors that require industry coordination and integration, including units of 

measurement, accuracy or uncertainty, calibration and breakdown gases measured. Current measurement 

practices, full gas collection systems and an innovative measurement solution is described together with a 

review of the current activity as regards International testing procedures. 

Biography 

Daniel Mutter, Chairman MBW Calibration AG 

Son of the MBW founder, Arthur Mutter, Daniel started working for the company in 

1980 on mechanical and product development, and continue the long family tradition 

of manufacturing precise solutions to challenging measurement applications. In 1990 

he took over as CEO and managed the transition from analogue to digital technology. 

Daniel became Chairman of the Board in 2009 and continues to drive the company’s 

technical focus.  

Based in Wettingen Switzerland, MBW has worked closely with BBC,  Sprecher & 

Schuh, which are today ABB and Alstom, through the development of GIS since the 

1970’s. MBW specialize in the measurement of water vapor concentration, and 

supplied the very first automatic instruments to GIS manufacturers nearby. MBW were 

the first manufacturer to include internal SF6 gas collection and remain the only manufacturer of condensation 

based SF6 purity measurements. 

The MBW principles are of best possible measurement precision, long instrument life and no quibble product 

support. Most National Standards Laboratories worldwide use MBW instruments as reference instruments. 
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A Brief History 

The use of SF6 gas insulated switchgear (GIS) expanded rapidly during the 1970’s thanks to its reliability, 

compact dimensions, durability and safety. GIS failures although rare, were carefully investigated and the 

presence of water vapor was clearly identified as a common factor. Manufacturers started to make regular 

measurements of humidity in SF6 gas, and even developed their own instruments (see Figure 1) to try to 

achieve the precise measurements they needed. 

MBW had been manufacturing chilled mirror hygrometers in 

the Baden area of Switzerland since 1962, principally as a 

supplier for heat treatment applications. The first contact 

from the SF6 industry came from the Central Laboratory of 

Brown Boveri & CIE (BBC, now ABB), as well as Sprecher & 

Schuh (now Alstom), who both approached MBW with the 

requirement to measure dew point in SF6 gas. As a local 

supplier, MBW worked closely with the switchgear 

development teams based in Switzerland to support their 

need to obtain accurate and repeatable measurements, and 

over the years, several instruments based on chilled mirror 

dew point technology were developed and supplied for SF6 

applications. 

The concentration of water vapor (humidity) within SF6 was 

identified to be of significance in maintaining gas quality and 

asset reliability. Understanding SF6 properties and specifically 

its breakdown components led to requirement for the measurement of ‘contaminants’ such as SO2 and HF. 

These are often performed together with the measurement of humidity during gas analysis procedures. 

Since Kyoto, gases with known greenhouse properties have been the subject of increased scrutiny and 

regulation. The significance of SF6 in terms of its greenhouse potential is well documented, so in recent years 

its use has become increasingly controlled and its release prohibited. Gas analysis was a contributor to 

emission of SF6, so innovation was necessary to capture and return measured gas to the compartment as part 

of the measurement procedure. 

In recent years, focus on improving standards of SF6 analysis and handling have continued to drive better 

understanding of measurement and gas handling. It is however the case that GIS manufacturers, network 

operators and SF6 management teams often disagree on various topics; several of which are raised later. 

Working groups within organizations such as CIGRE and IEEE continue to debate these issues with the 

objective of developing unified standards and best practice guides. 

Figure 1: BBC Manual Dew Point Instrument 
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How wet is my SF6? 

Arguably the presence of humidity within SF6 is the most significant contribution to poor SF6 quality and 

therefore equipment reliability. Without the presence of water vapor the threat of corrosion, arcing and 

decomposition would not be so significant. Its measurement has consequentially been an integral part of gas 

analysis alongside the development of GIS. 

Various types of humidity measurement techniques have 

been applied, but in most cases either condensation or 

electrical impedance type instruments are used. 

 

Impedance or capacitive dew point sensors provide cost effective measurements is gas samples with typical 

specifications of ± 2 °C. They are integrated within a gas measurement circuit together with others sensors for 

SF6 purity, SO2, HF etc. To meet specification, dew point sensors depend on accurate calibration both during 

production, and use. Calibration drift can be significant, so regular calibration is essential to maintain reliable 

results. 

Chilled mirror hygrometers are based on the physical principal 

of condensation formation on a temperature controlled surface. 

An optical detection system and closed loop control maintain a 

constant frost/dew layer at equilibrium. Such instruments offer 

a fundamental measurement principle that is used as a transfer 

standard within calibration laboratories up to National Standard 

level. Their disadvantage is a high initial cost when compared to 

dew point sensors. When used correctly, chilled mirror instru-

ments are highly repeatable and can be considered almost drift 

free. Routine calibration adjustment is not required; users can 

easily verify performance with a simple mirror clean and ice test 

routine that checks measurement stability. This means that 

whole life costs are comparable to dew point sensor based 

systems. It is however recommended that all instruments have a 

calibration check periodically; an interval of two to three years is 

typical. 

Frost or Dew? 

Whichever measurement technique is used, the correct definition of the actual 

measurement value is critical. Below 0 °C, the water vapor pressure curve differs 

with respect to water or ice. Any instrument should specify whether frost or dew 

point is the indicated value so that to correct calculations or comparison of the 

humidity values is possible. 

Chilled mirror instruments are now equipped with automatic systems that force 

the condensate to ice below a specific temperature. Dew point sensors should be 

delivered with a calibration certificate that states whether frost or dew point is 

the calibration reference. If these are not the case, there is a high possibility that measurements may not be 

comparable or repeatable. 

Figure 2: Impedance Type Sensor 

Figure 3: Dew Point Mirror Principle 

Figure 4: Frost and Dew Point 
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ppmV or ppmW? 

Humidity measurements are often converted from frost/dew point to ppmv or ppmw. Both are ratios of the 

partial humidity content compared to the total gas content. Volumetric ratios are independent of the actual 

gas make up; mass ratios depend on the molecular weight of the base gas, so variation of the gas make up has 

a direct influence on the result of the calculated value. 

Surprisingly, many operational limits are specified in terms of ppmw but without consideration of the SF6 

purity. For example, given a fixed amount of water vapor, ppmw in 100% SF6 would not be the same as in 90% 

SF6. 

Compartment or Atmospheric Pressure? 

 

Dew point is pressure de-

pendent, so derived values such 

as ppmv cannot be correct 

unless pressure is measured and 

included within the calculation. 

Whether the displayed value is 

at compartment or atmospheric 

pressure depends on the proce-

dure used, so this must be 

specified and the correct deter-

mination confirmed. Possible 

differences between instrument 

configuration and or product 

type must be taken into 

consideration in any comparison 

of measured data. 

 

 

 

Breakdown Components 

Over time, due to leaks, or as a result of discharge events within GIS, the quality of SF6 gas diminishes. This 

may lead to equipment failure, so in combination with humidity, measurement of SF6 breakdown gases such 

as SO2, HF and CO is performed. Which component is significant varies between manufacturers, operators and 

countries. 

As an example of breakdown diagnostic purpose, incremental changes in SO2 concentration may allow the 

operator to predict or pre plan when gas maintenance may be necessary. Another example could be that 

increased concentration of HF may be an indication of a recent partial discharge event. 

Figure 5: Measurement at Atmospheric and GIS Pressure 
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Gas Collection and Pump Back 

To meet the industry requirement for complete capture of SF6 during gas analysis, MBW pioneered an 

integrated gas recovery system within the 973-SF6 Analyzer. This fully automated system includes pressure 

measurement, regulation and a compressor for pressure control and pump back to the gas compartment at 

pressures up to 1000 kPa (10 bar). 

For gas analysis on-site, integrated gas recovery means that the engineer simply connects the Analyzer to the 

compartment, initiates the measurement and when finished, the system pumps back the measured SF6.  

SF6 Purity Measurement – A Unique Approach 

Together with humidity, the measurement of SF6 purity forms an essential part of commissioning and gas 

quality tests. SF6 purity is typically measured using conductivity or speed of sound measurement techniques. 

During development of the 973-SF6 Analyzer, a ‘Eureka’ moment occurred. SF6 compartments are maintained 

at variable pressures; to achieve repeatable results, the 973-SF6 Analyzer regulates its internal pressure to  

250 kPa (2.5 bar) using an internal regulator and compressor. The triple point of pure SF6 is approximately          

-49,5 °C at 226 kPa (2.26 bar). So when measuring humidity in terms of frost/dew point in the typical SF6 range    

(-30…-60 °C) using a chilled mirror hygrometer, there is clearly a risk that an optically detected condensate 

layer could be SF6. From a humidity perspective this adds a potentially significant measurement uncertainty, 

but as an analysis option for SF6 purity, there was potential for a highly useful and precise measurement 

solution.Using the integrated automation software of the 973-SF6 Analyzer, the MBW development team was 

able to develop an automated and reliable dual measurement solution for humidity and SF6 purity. When 

connected to the SF6 compartment or cylinder, the Analyzer extracts a gas sample at regulated flow and 

pressures and stabilizes a frost/dew layer for the determination of water vapor concentration. Once analysis is 

complete, the humidity value is stored and the Analyzer automatically changes mode and starts to search for 

the SF6 condensation point. Measuring the temperature when the condensate forms defines the ‘dew’ point 

and hence the SF6 purity. 

As with the condensation method of humidity measurement, this approach for SF6 purity provides a 

fundamental, temperature based measurement method that remains stable over long periods and provides 

excellent repeatability. Traceable calibration of the mirror temperature measurement can be performed as 

part of a dew point calibration at any accredited laboratory. SF6 purity calibration can also be verified using 

reference gases. 

 

 Figure 6: 973-SF6 Analyzer 
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Calibration Traceability,  Uncertainty and Responsibility 

Most businesses run quality systems such as ISO9001. 

Measurements performed within manufacturing or test 

procedures are usually specified to be performed using calibrated 

instruments. Surprisingly there seems to be no requirement of 

traceability within the power industry for measurements 

performed during gas analysis. This would not be accepted in 

other critical humidity applications such as climatic testing of 

products or pharmaceutical production. 

The issue becomes more significant when different measurement systems disagree. When comparing two 

measurements, it should be expected that they should agree within the combined uncertainties as defined on 

the respective calibration certificates. Calibration uncertainty is the standardized form for defining the 

‘precision’ of a measurement. During a calibration, an instrument is compared with a reference instrument 

that has itself been calibrated by a higher standard, typically an accredited laboratory. Accredited laboratories 

are bodies assessed within a National Accreditation scheme to provide calibration services that are 

‘trustworthy’ and traceable to National Standards. In most regulated organizations (e.g. ISO9000), calibration 

traceability must be demonstrated by approved procedures and the availability of reference equipment 

calibrated by an accredited laboratory. Such structures reduce the risk of incorrect measurements, minimize 

the likelihood of disagreement, and comply with the requirements of Quality Management Systems. 

Responsibility for the correct maintenance of equipment rests with some part of the power industry. In the 

event of a breakdown due to an incorrect measurement, would an inspector first check that the test 

equipment used was fit for purpose? Can measurement equipment without a credible calibration be 

considered as such? 

CIGRE and IEEE Working Groups 

MBW are active within the International Power Community in the development of best practice guides and 

standards. In both cases, involvement has been by invitation to support the working groups’ technical 

preparation of documents supporting good humidity/moisture measurement in SF6 and the calibration of 

instrumentation. 

CIGRE SCB3.25 - SF6 Analysis 

- Working towards a publication that will guide asset managers towards better understanding of analysis and 

improved testing procedures. 

IEEE Working Group K8 – C37.122.5 (P1125) Guide for Moisture Measurement and Control in SF6 

- Drafting of a revised standard. 

Conclusions 

There has been a dramatic increase in the discussion relating to SF6 management and gas analysis during the 

past two years. There is a clear need for improved understanding of the fundamental science and its 

application in the management of SF6 equipment. As MBW’s experience with both the SF6 and humidity 

standards communities is longstanding, we are trying to make sure that the key technical issues are correctly 

considered so that future developments are technically correct and unbiased. We welcome open discussions 

with all sections of the SF6 community in this respect. 

Figure 7: MBW 17025 Accreditation 


