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1 Abstract  

1.1 Introduction and Background 

The UK National Grid Gas Distribution system has measured gas losses of around 0.57% of throughput. 
This equates to an annual lost energy value of around 1,850 (Gigawatt hours) (GWh) with a global warming 
potential equivalent to around 2 million tonnes CO2 equivalent. 
 
The rate of gas lost through leakage is dependent upon the condition of the pipes and their operating 
pressure. 
 
Improving the condition of pipe assets, by repair or replacement, is ongoing, however reducing operating 
pressures at times when full capacity is not required has proven to be a cost effective mitigation strategy that 
can be implemented in a short period of time. 
 
Over a period of years National Grid has worked with equipment vendors to develop pressure control 
technology that enables pressures to be reduced to as low as practically possible whilst ensuring that 
consumers always receive an adequate pressure to safely operate their appliances. 
 

1.2 Objectives 

This paper provides an overview of the historic use of pressure management in National Grid up to the 
present day. It describes the latest technology used within the company and explains how the systematic 
analysis of the Distribution System enables the optimum application of the technology. It also discusses 
National Grid’s current £23 million pressure profiling investment programme and anticipates the benefits that 
will be achieved including the saving of 95GWh pa (per annum) of gas emission. 
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2 Introduction 

National Grid Gas Distribution has always sought to minimise gas leakage. Under the existing, and historic 
regulatory regimes National Grid has been exposed, economically, to the lost gas from system leakage. In 
addition high leakage brings with it increased public reported escapes that must be repaired adding to 
operating costs. 
 
As a result of this a number of different leakage mitigation strategies have been developed over the years, 
these are further discussed in this paper. 
 
In recent years the impact of Natural Gas emissions on the environment as a result of the significant global 
warming potential of Methane has come to the fore. This is a further incentive on gas distribution system 
owners to reduce the amount of gas that they lose. 
 
The National Grid system has been measured to lose around 0.57% of gas throughput, of which 80% is lost 
from the low pressure mains system that supplies small consumers. The balance of this paper addresses the 
initiatives that National Grid is undertaking to address leakage from Low pressure mains. 
 

2.1 Measuring leakage 

In the UK gas leakage has been measured by a comprehensive series of leakage tests, which in respect of 
gas mains have produced a leakage model that relates the operating pressure of mains, their material and 
the amount of ‘gas conditioning’ undertaken with the amount lost. This model has been demonstrated to 
produce results with an uncertainty of +/- 20% with a 90% confidence interval.  
 
Such a model is an essential pre-requisite of improving leakage performance because it enables the 
evaluation of potential leakage mitigation schemes at the design stage. 
 

2.2 Pressure management technologies 

Leakage occurs because there is a defect in the pipe, or pipe joint that results in a leakage path through 
which gas molecules are able to pass. 
 
A leakage minimising technology has to either remove or reduce the leakage paths by stopping up the holes 
in the pipe system, or reduce the pressure of the gas in the pipe so that there are less molecules to leak out. 
 
Obvious, but expensive technologies that are effective in minimising leakage are replacing leaking pipes with 
new ones that do not leak, and / or attempting to locate leaks and excavating to repair them. These 
technologies are very effective, for example replacing an old cast iron main with a new polyethylene one 
reduces measured leakage by a factor of around fifty, however they are not cost effective. For example 
mains replacement has a typical rate of return of less than 1% if the cost of reductions in lost gas and 
escape repair are compared with the cost of replacing the mains. 
 
More cost effective technologies are attempting to treat a main internally to reduce the number and size of 
leakage paths and to control pressures such that the rate of leakage through existing leakage paths is 
minimised. 
 

2.2.1 Treating mains to reduce the number and size of leakage paths 

There are a number of possible techniques available, for example the use of resins implied internally to joints 
that cure in an environment that does not contain oxygen, however the most cost effective method used by 
National Grid utilises Mono Ethylene Glycol (MEG) gas conditioning. Used appropriately MEG can reduce 
the rate of leakage from cast iron pipes by 4% relative to what it otherwise would have been. 
 
MEG gas conditioning works by swelling the materials used in respect of joints between cast iron pipes 
thereby reducing leakage through such joints. It is not effective in respect of other main types. 
 
MEG is introduced into the gas as a vapour at the Pressure Reduction Stations (PRS) that feed pipe 
networks around towns and the MEG is carried by the flowing gas through the network thereby treating a 
wide area from one location. 
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The cost effectiveness of MEG is gradually declining as cast iron pipes are removed from the National Grid 
system because of safety related mains replacement. As a result of this National Grid is gradually phasing 
out MEG gas conditioning, it is expected that by 2020 it will be almost completely absent. 
 

2.2.2 Reducing pressures to reduce the rate at which gas escapes through defects 

Lower gas pressure reduces the rate at which gas escapes through a given defect however adequate 
pressure is required in the mains system to move gas through the pipes and to enable consumers to operate 
their appliances. 
 
In the Great Britain gas is metered, and therefore supplied into domestic consumer pipework at around 21 
mbarg. and this requires a slightly higher pressure to be available at the emergency control valve (ECV) 
immediately upstream of the metering installation, to enable the meter governor to function appropriately. 
Also the maximum normal operating pressure of low pressure mains systems is limited by Legislation and 
Regulations to 75 mbarg. 
 
These two pressure requirements, the minimum pressure required by consumers and the maximum pressure 
permitted in low pressure systems form boundary constraints around the operation of such systems, 
however within these constraints the network operator has considerable latitude in respect of how they 
should operate. 
 
System capacity would be maximised and at the same time control system costs kept to a minimum if the 
system were operated continuously at 75 mbarg. however given that small consumer load factors are much 
less than unity much of this annual capacity would be unused and the resulting excess pressures that would 
be present for most of the time would produce excess leakage. 
 
A method of minimising pressures is to make seasonal adjustments. This works by determining in advance 
using demand forecasting what the maximum demand in a time period is likely to be and by use of Network 
Analysis what the corresponding PRS pressures should be to meet that demand. Manual adjustments are 
then made. The effectiveness of this process is a compromise between frequent adjustments requiring many 
visits, and therefore incurring manpower costs and infrequent visits requiring that require less manpower but 
which necessitate operating at higher pressures because more conservative assumptions have to be 
adopted. 
 
Another method of pressure control is to use a timer, or clock that adjusts the pressure at different times of 
day e.g. the pressure can be reduced over night when demand is expected to be lower. Such control 
requires relatively conservative assumptions to be made because it is programmed in advance and is not 
responsive to actual conditions, and as such requires higher pressures to be used than conditions require.  
 
The red line on the chart below shows a typical clock controlled PRS outlet pressure trace. 
 

 
Fig. 2.1 : Typical clock controlled PRS outlet pressure trace 
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The ‘best’ method, but not the most cost effective, of pressure control is to feed back extremity pressures to 
the PRS in real time and continuously adjust pressures such that the PRS just maintains required pressures 
at the extremity. This produces the lowest possible operating pressures and therefore the lowest possible 
leakage, however the cost of the telemetry, which has to operate more or less continuously makes this 
method not viable. 
 
It is possible to combine the best characteristics of these three pressure minimising techniques in one 
system profile control. 
 

2.2.3 How pressure profiling technology works 

Pressure profiling operates by setting a starting pressure profile at each PRS installation feeding a network 
of pipes. The effect of the PRS installations operating this pressure profile is then recorded by data loggers 
at system extremity points. These loggers send their readings on a daily basis using mobile phone modem 
technology to the controlling computer. 
 
The diagram below shows how the various components within the system relate to one another. 
 

Fig. 2.2 : Pressure profiling system components 

 
Most contiguous pipe networks in the UK have several PRS installations supplying them with gas, some 
have hundreds. 
 
There may be more than one profiled PRS site related to a single extremity point sensor, where there is 
more than one the PRS site related to a single sensor the PRSs are known as a control group and the profile 
of these PRS follow one another although they may be offset. 
 
All pipe networks have at least two extremity point sensors so that in the event that one becomes faulty there 
is a back up. 
 
The controlling computer looks at the PRS profiles and the effect that these have at the related extremity 
point. It contains ‘self-learn’ algorithms that enable it to discover the relationship between PRS pressure set 
point and extremity point measured pressure at different times of day. It then derives a new pressure profile 
that gives as low as possible a pressure throughout the anticipated coming day whilst having a reasonable 
probability of not producing unsatisfactorily low pressures and using cell ‘phone modem telemetry 
reprograms the PRS profilers. This low pressure minimises leakage whilst maintaining supply.  
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The chart below shows how a profiler controlled PRS varies its outlet pressure set point to maintain a 
relatively constant extremity pressure. The red line shows the PRS outlet pressure and the blue line shows 
the extremity pressure. 
 

 
Fig. 2.3 : Profiler controlled PRS trace 

 
In the event that the weather changes significantly, for example if a cold front passes through the area, the 
pressure experienced at the extremity points will deviate beyond pre-programmed limits. When this occurs 
the extremity point sensor immediately contacts the control computer, which in turn issues new profiles to 
PRS sites within the effected control group. In this way supplies to consumers are protected in the event that 
the predicted profile proves to be inappropriate. 
 
If a PRS profiler installation or extremity sensor is unable to make contact with a controlling computer it is 
programmed to attempt contact with a back up computer at another location.  
 
If a PRS profiler fails to contact both a controlling or back up computer and is not itself contacted by a 
controlling computer within a pre-programmed time interval the profiler defaults to a ‘safe’ high profile that is 
capable of maintaining supplies even at times of severely high demand. 
 
There is additional profiler functionality that enables PRS performance parameters for example, filter 
differential and protective device position to be monitored and reported using the profiler telemetry and 
control system, and the controlling computers can prioritise and may be programmed to text alarms to 
designated persons for action. This reduces the frequency of maintenance checks. 
 
The picture below shows the standard components of a profiler unit. The profiler is connected into an 
existing PRS installation by nylon pneumatic lines via the three fittings on the right hand side. The lowest 
connection is connected to the PRS inlet. The top connection to the PRS outlet and the central connection 
provides the loading pressure signal that controls the PRS outlet pressure. The logger functions as both a 
data recorder and computer. In operation the logger is connected to the modem by means of a wire that is 
not shown below. The modem is installed in a separate housing outside of the hazardous area. The 
installation shown below is “Zone 2” rated, which means that it is safe to use in areas where an explosive 
atmosphere may be present intermittently. Also absent from the picture is the connection to the solar panel 
that is used to power the system. The battery is used to store energy for use overnight. 
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Fig. 2.3 : Profiler unit components 

 
The drawing in appendix A shows the general arrangement of components. 
 

3 Current initiative 

As part of the recent price control review, Ofgem (National Grid’s economic regulator), introduced an 
incentive that targeted the reduction of leakage. In response, starting in the summer of 2008, National Grid 
has begun a major investment programme to increase the length of low pressure mains that benefit from 
profiling technology. 
 
Prior to September 2008 National Grid operated around 3,500 profiled PRS installations out of a total of 
around 8,000 PRS sites. They were installed progressively from 1990 when the technology was first 
introduced. The current investment programme will increase the number of profile controlled PRS 
installations to 5,500 at a cost of £23m. The programme will reduce gas emissions by 95 GWh pa. equivalent 
to reducing Carbon Dioxide emissions by around 125,000 tonnes pa. 
 

3.1 Identifying pipe networks where new technology is cost effective 

The all in mean cost of installing a profiling system to a PRS is around £11,500 (including associated 
controlling computers, outstations etc.) and the amount of leakage associated with the mains downstream of 
each PRS varies according to the operating pressures that are required and the compositions of the mains 
themselves.  
 
In respect of each pipe network not already benefiting from profiler technology National Grid evaluated the 
amount of leakage that was occurring, using the leakage model that was developed following our leakage 
measurement programme, and from that derived the cost of that leakage by looking at the likely cost of the 
lost gas, the anticipated escape repair costs and the societal costs of greenhouse gas emissions. 
 

Signal Converter 
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The plan below shows one of the pipe networks that was evaluated. The red lines are the mains and the 
black arrows indicate the PRS locations where gas is fed into the pipe network. 
 

 Fig. 2.4 : Network schematic 

 
Once the marginal improvement in leakage rate had been calculated the financial benefits of installing 
profiling technology was determined and from that it was possible to use Discounted Cash Flow analysis to 
decide whether each pipe network would derive economic benefit from profiler investment. 
 
Investment was sanctioned in respect of all pipe networks where the anticipated rate of return at least equals 
the hurdle rate. 
 

3.2 Installation programme 

Between 1990 and the summer of 2008 3,500 profiler installations were installed by National Grid. With a 
new focus on reducing emissions it was decided that all viable networks for the introduction of the 
technology should be profiled by the spring of 2010. This means that 2,000 new installations would be 
required in 20 months, or in other words six times the historic rate of installation would be required to ensure 
programme delivery. 
 
It was decided that new methods of working would be required to successfully deliver this programme with 
the subdivision of labour and as much as possible equipment prefabricated to a limited range of standard 
designs and constructed in a factory. 
 
At a high level the business process involves the following steps. 
 

1. Schedule pipe network for installation 
2. Attend site to survey, to determine the amount of likely solar energy available (and therefore the size 

of solar panel required and to measure the strength of mobile ‘phone reception) 
3. Select appropriate standard installation component modules 
4. Precise schedule of work – in factory and on site installation 
5. Preparation of site, e.g. attach cell ‘phone communications box to outside wall, by low skilled team 
6. Installation of component modules at site by semi skilled team 
7. Commissioning on site by technician 
8. Commissioning of entire network profiler system supervised by engineer from control centre location 
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4 Conclusion 

Leakage control has a place in most metallic (cast iron) gas distribution networks. However, the success, be 
it the reduction in leakage volume or economic return will be dependent on a number of factors. 
 

1. The physical constitution of the network (ie. the material mix) 
2. The number of source inputs 
3. The networks inter-connectivity and, 
4. The economic incentives and regime that exist 

 
National Grid Gas Distribution has used a number of different leakage mitigation strategies over the years to 
maximise the reduction in lost gas to protect both the environment, the consumer and to ensure the control 
of operational costs. 

5 Appendix A – general arrangement drawing of a typical installation 

 

 
Fig. 3.1 : Diagrammatic of a typical installation 

 


