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1 Executive Summary 

The overall brief for this project was to study the determination and calculation of shrinkage and to 

review the methodology used to calculate gas shrinkage and assess whether it needs updating or 

improving. 

The methodology followed was based on a review of: 

 The technical and regulatory literature produced by the regulator and operators in the UK 

 Similar literature for other jurisdictions 

 The open academic literature 

 Material from other industry sectors (e.g. water, offshore oil and gas). 

These were coupled with some engineering analysis of the data and published models. 

This report has reviewed: 

 The GDN shrinkage and leakage model and its input factors 

 Similar models and factors used elsewhere 

 Evidence from a variety of leakage measurements 

 Practices in other industries 

 Regulation and policy around shrinkage 

 

These are some of the key findings: 

Model 

 The model is most sensitive to  

o the metallic length 

o the leakage rate for the metal service connected to metal main 

o the number of relays per km 

o the leakage rates of polyethylene (PE) mains  

 There is evidence that a zero leakage rate (as assumed by the model) for polyethylene 

services is highly unlikely in practice (although this number is low) 

 The sample-based approach from the 2002 study to generate the leakage factors is likely 

generate a bias towards underestimation as the leakage rate distribution is skewed, with 

large amounts of leakage being caused be relatively few leaks in large systems; such leaks 

could be missed in small samples. 

 We have found that there are some important anomalies in the shrinkage model which are 
not consistent with theory; that some of the data are not in line with international estimates 
and some assumptions border on the optimistic. It has been over 12 years since the last 
calibration study and it would be reasonable to request another one, especially considering 
the intervening improvements in technology. 
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 More evidence to justify the network composition assumptions should be made available to 
shippers and other stakeholders to generate more confidence in the SLM. We were not 
available to find evidence on network composition on the gas governance website.  

 The elapsed time means that knowledge of how the model was developed and the 
assumptions made and procedures for model maintenance are not as clear as they could be. 

 Note that the same model is used in each region/area. 
 

Measurements 

 There is evidence from an review of actual international methane emission measurements in 

cities that reported leakage rates based on estimation models underestimate actual 

leakages. For example, a London study described  in section 4.2 indicates that actual leakage 

rates could be up to three times higher. 

 This will of increasing concern as countries will be required to provide increasingly accurate 

greenhouse gas (GHG) emissions inventories. For example, DEFRA/DECC must provide such 

statistics to the European Commission and UNFCC. 

 

Regulation/Policy 

 The Shrinkage Allowance and Environmental Emissions Incentive have had some effect on 

improved system pressure management which has had a moderate impact but may 

increasingly not deliver the desired effect. 

 The HSE based IMRP (REPEX) process has potentially had a larger impact on shrinkage than 

the  Ofgem shrinkage allowance and emissions based incentives, although both policies 

generate similar outcomes. Around 80% of the shrinkage reduction arises out of mains 

replacement. 

 The model assumptions around iGTs are leading to an underestimate of shrinikage: iGTs 

started off as a small part of the system but they are now quite substantial and efforts 

should be made to include them properly in the estimation of shrinkage and to require the 

relevant reporting. There are around 1.5 million meter points and the actual shrinkage could 

constitute up to 2-5% of the current estimate, i.e. £1.4-3.5m. Furthermore, no figures are 

available for estimates of third party damage/interference; it may be expected that 

relatively higher amounts of excavation are taking place in iGT areas as they are areas of 

new development. 

Possible Developments in Accuracy Improvement 

 The water industry equates leakage rate estimation with unaccounted for supply and bases 

it on actual measurements using on the balance between water entering the network and 

that consumed. A total/integrated flow method is used for the whole network and a “night-

flow” method for smaller sub-networks. 

 The oil and gas production industry uses “age factors” to indicate that older equipment is 

expected to have higher leakage rates. This could be particularly relevant to AGIs and 

preheaters. It also applies temperature and pressure corrections which could be used to 

improve shrinkage estimates. Finally, it has developed a range of leak detection and 
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measuring methods (e.g. IR detection, bagging) which might be exploited in distribution 

networks. 

 The Netherlands survey their GDNs every 5 years, leading to good quality network 

composition data (less than 0.4% unknown). This is an example of best practice. 

Core Recommendation 

It has been over 12 years since the last calibration study and it would be reasonable to request 

another one, especially considering the intervening improvements in technology. Although the cost 

might be of the order of £10m, when compared to the uncertainty of the shrinkage measures the 

figure is not large. For example, it could easily be argued that the shrinkage estimate error is at least 

20% which is of the order of £15m p.a. (based on a total estimate of £75m p.a.), hence the 

uncertainty resolution cost which would apply over several years is very low compared to the level 

of uncertainty. The cost may be reduced through new non-invasive technologies as well (or semi-

invasive methods such as the “suction method” used in the Netherlands studyxlvi described later in 

this report); these could be evaluated using low carbon innovation network funding. Furthermore, 

this is important for the National Emissions Inventory which must be reported by DEFRA every year. 

It has been stated that an updated study might be made redundant by smart meters, however since 

these may be able to evaluate shrinkage more accurately but not apportion it and hence not lead to 

actionable data, this should not be the case. The new study would therefore be future proof. This 

could be coupled with periodic, non-invasive leak detection activities. 

This could be co-managed/supported by stakeholders interested in better national emissions 

inventories (e.g. DECC/DEFRA) and the means to reduce emissions. 
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2 Background and project brief 

Background to Study  

The Gas Retail Group (GRG) identified the need for a study which looks into, and quantifies, the 

effect of gas shrinkage on domestic customers. Currently, gas is measured at the off take meter as it 

flows from the National Transmission System (NTS) to the Local Distribution Zones (LDZs). Most gas 

consumed is metered, however, some gas is lost and unaccounted for between the offtake meter 

and consumer supply point due to, amongst other things, theft, leakage, and own use gas. All of 

these, while being precisely unknown, are modelled and estimated by GDN operators. The current 

arrangements under the UNC allocate charges to shippers based on the volume of gas transported. 

This methodology ultimately sees all lost, stolen, and own use gas allocated across the whole 

market.  

Reforming the settlement arrangements is being addressed through Project Nexus, however the 

GRG see the need for a piece of work looking into the effects of shrinkage on charges made to 

shippers. 

Study Requirements 

The GRG agreed that a study into the determination and calculation of shrinkage should be 

commissioned to review the methodology used to calculate shrinkage and assess whether it needs 

updating or improving. The group agreed that it should be carried out by an independent expert to 

ensure the outcome is not prejudiced in any way and has a high level of credibility moving forward. 

The study requirements have been split into two areas as some elements will require the 

cooperation of Gas Distribution Networks (GDNs), whereas some will be able to be undertaken 

unilaterally and with publicly available material. 

Study requirements able to be conducted unilaterally: 

 Analyse the current allocation methodology to determine if the GDN allocation is sufficient 

and fair, and whether an incentives based system would be beneficial to shippers; 

 Compare how losses are accounted for, assessed and incentives applied in other utility 

industries e.g. electricity and water, and how they differ from the gas. Consideration of the 

way losses are accounted for in offshore oil and gas would also be beneficial.  

Study requirements which will require GDN cooperation: 

 Look at the assumptions used to calculate the estimates for leakage, gas theft and own use 

gas to determine if they are relevant and up to date and the best means of 

calculation/evaluation; 

 Evaluate the effect and extent of infrastructure characteristics on shrinkage, for example, 

the ‘leak-proof’ assumptions of plastic pipes, and, the effect of undulations and subsidence 

on the integrity of pipeline joints and leakage; 

[during the project it was found that these did not need GDN cooperation as there was 

sufficient data in the public domain] 

 Establish the effects of the characteristics of metal pipes, and the degree to which they are 

used in modelling and whether assumptions are correct, and the degree to which they 
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should be used in modelling i.e. whether the level of replacement of metal pipes is 

accurately reflected in modelling and assumptions; 

 Consider what mechanisms are in place to verify the accuracy of mains replacement activity, 

both in terms of the network maps on location of PE pipes, but assurance that the mains 

have indeed been replaced. 

 Analyse the impact of Independent Gas Transporters (iGTs) on shrinkage assumptions. 

[similarly, there was enough data in the public domain to perform this] 

 Determine whether the reporting of escapes takes into consideration the different rates of 

pressure in the gas network and how the rate of flow impacts the reporting of the amount of 

lost gas during an escape, and how this factors into settlement.  

 Whether it would be beneficial to consider independent verification of actual leakage 

against the assumptions in the leakage model. 
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3 Overview of the shrinkage and leakage model (SLM) 

The GB gas infrastructure serves around 21.5 million gas customers, using around 282,000km of 
pipes. 
 
Section 9.1.a of the Gas Act 1986i requires gas transporters to “develop and maintain an efficient 
and economical pipe-line system for the conveyance of gas” and the Pipeline Safety Regulations 
1996 require network operators to ensure that pipelines are “maintained in an efficient state, in 
efficient working order and in good repair”ii. 
 
OFGEM define Shrinkage as followsiii: 

“Shrinkage is gas lost from the distribution network through leakage, theft and own use gas 

(e.g. purging the system during system operations or gas pre-heating prior to pressure 

reduction). In order to compensate for this unaccounted for gas leaving the system, 

additional gas to that input by Users has to be purchased by the Gas Distribution Networks 

(GDNs) and the cost passed onto Users. This process is governed by UNC Section N. 

GDNs therefore have a UNC responsibility to purchase Local Distribution Zone (LDZ) 

Shrinkage gas. This shrinkage volume is based on an estimate of likely shrinkage in the 

forthcoming Gas Year using a variety of assumed system parameters known at the time. At 

the end of the Gas Year, a shrinkage assessment is made using revised known parameters 

and the differences reconciled with Users. The GDNs therefore have LDZ Shrinkage 

volumetric allowances within their price control revenue allowances which limits the 

shrinkage volumes that they are allowed to pass through to Users. GDNs are thus 

incentivised to minimise shrinkage. If they incur shrinkage volumes below their shrinkage 

allowances they retain the value of this over the price control period.” 

 
OFGEM further state: 

“Shrinkage comprises leakage from pipelines (around 95 per cent of gas losses), theft from 

the GDN network (c. three per cent), and own-use gas14 (c. two per cent).15 Under the 

Unified Network Code (UNC), GDNs are responsible for purchasing gas to replace the gas lost 

through shrinkage, and we fund companies to purchase reasonable levels of gas shrinkage in 

setting price limits.” 

 
Shrinkage results in a  difference in volume between the gas entering the GDN systems and the total 
volume of gas used by customers. The amount deemed to have been used by customers is the 
amount entering the GDN (measured by the GDN operator) and the shrinkage. There may be a 
residual difference between this quantity and the quantity billed to customers by suppliers, this is 
called “unidentified gas” and outside the scope of this study. 
  
There are three main elements of shrinkage in gas distribution networks (GDNs): 
 

 Leakage (94% of shrinkage) – this forms by far the largest element of shrinkage and can be 
further split into three high level groups: those from distribution mains, distribution services 
and above ground installations (AGIs). 

 Theft of Gas (4% of shrinkage) – includes situations where, for whatever reason, end users 
are unaccounted for and are utilising unrecorded gas. 
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 Own Use Gas (2% of shrinkage) – which relates to gas that is used in the running of the 
network, particularly gas used for the purposes of preheating at pressure reduction stations. 

 
The overview of the shrinkage elements in Gas Distribution Networks is shown below. 

 

Figure 1. Gas Networks Shrinkage and Leakage Model (SLM)  elements (average of 2013-14; all GDNs) 

 

Overall information for the GDNs is provided below, followed by total throughput figures. 
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Figure 2. Network lengths (km) per GDN and per group 

 

 

 

Figure 3. Annual throughputs (GWh) per network and group 

 

The figures below indicate the baseline forecasted levels of shrinkage in total by GDN and split out 

by GDN. 

 

Figure 4. Shrinkage and leakage baseline allowances and actual outcomes (GWh)
lxviii

 

 

The forward allowances are listed belowiv. 
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Figure 5. Forward OFGEM Shrinkage Allowances (in financial terms) by GDN
lxviii

 

 

Similarly with the SLM model diagram in Figure 1 above, the joint GDN submission for 2014v gives 

similar figures: 

“The shrinkage output from the SLM is comprised of three elements: 

• Leakage (95%) 

• Theft of Gas (3%) 

• Own Use Gas (2%)” 

Figure 6. Joint GDN SLM leakage elements 

As can be seen, the large majority of the estimated shrinkage is from leakage, which in turn has 

consequently been the main focus of our report. 

The current Shrinkage model has three major components:- 

a) Gas lost through transportation (leakage and venting) 

b) Own Use Gas (OUG) 
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c) Theft of Gas (TOG) 

Gas lost through transportation is calculated using asset populations, asset attributes, system 

operating pressures and leakage rates developed through operational research. OUG and TOG are 

assumed to be a function of throughput, even though it is acknowledged that this is essentially an 

assumption. 

According to Metrovi: 

“Leaks are defined as gas escaping to the atmosphere at a given rate at an unknown 

location. The rate of gas loss is dependent on the pressure and the size of the hole. Normally, 

gas leakage will be at a fairly constant rate and will increase gradually with time if not 

located and repaired.” 

Each of the shrinkage elements are reviewed in this document, starting with the leakage model. 
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3.1 Explanation and review of the leakage model and worked example 

3.1.1 Leakage Model and data for Mains 

As seen in Figure 6, low pressure mains and services are the largest causes of leaks. Below we first 

review the mains model and data. 

Low pressure mains leakage is definedvii as “the gas lost from joints, tapings, corrosion holes and 

sections of porous main. It does not include releases of gas from broken mains or damaged mains, 

these are assessed separately”. 

A national survey carried out in 2002/03 established  

 Leakage rates for 11 diameter/material bands 

 It considered > 2000 low pressure networks nationally, using these key parameters: 

 Average System Pressure (ASP) is length weighted average of the average pressure 

in each pipe in the network, which is determined via recorded source pressure data 

and network analysis 

 MEG Saturation (where used) – determined from recorded data and network 

analysis 

 Network parameters:  

 For mains: pipe asset lengths by type (note that replacement of metallic 

mains has the greatest impact) 

 For services:  the number (not length) of services by type 

 

Leakage is computed as followsviii 

 For Ductile Iron, Steel and PE Pipes, leakage rate is: 

 (Rate x Length x ASP)/Reference Pressure (30mbarg)     (1) 

 For Pit Cast Iron and Spun Cast Iron pipes 

 Split into Lead Yarn (LY) jointed treated by MEG (monoethylene glycol), Lead Yarn 

jointed not treated by MEG and non-Lead Yarn Jointed 

 Assumption based on historical network analysis 88.5% Pit Cast and 18.5% Spun Cast 

are Lead Yarn jointed. This gives three elements of the calculation for the leakage 

rate: 

 For Treated Lead Yarn: 

 [(Rate x Length x LY% x Treated% x ASP)/Reference Pressure] x [MEG 

Factor/Reference MEG Factor] 

 For Untreated Lead Yarn: 

 [(Rate x Length x LY% x (1-Treated%) x ASP)/Reference Pressure] / 

[Reference MEG Factor] 

 For non Lead-Yarn jointed 

 (Rate x Length x (1-LY%) x ASP)/Reference Pressure 

 

 Average System Pressure is 

 Determined via Network Analysis 
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 Demand set at 25% 1 in 20 Peak Six Minute Demand (typical average demand level 

experienced over the year) 

 LP Sources are set at average annual pressure for the purposes of the calculation 

 This figure is determined by profiling data, data loggers, clock settings etc. 

 

 (Monoethylene glycol) MEG 

 Monoethylene glycol is used to treat lead yarn jointed mains, which applies to Cast 

Iron pipes only (Pit and Spun). It is a replacement for the water which was in the 

original town gas and it is absorbed by the lead yarn, causing it to swell and better fit 

the joint. The degree of swelling depends on MEG saturation.   

 Saturation is measured throughout the year  

 % of cast iron treated determined using the same network analysis model as used 

for determining ASP 

 Default cast Iron leakage rates are deemed applicable to a MEG saturation level of 

25%, which reflects a 20% reduction in leakage.  

 If less or no MEG is used, leakage rates are uplifted (Fig. 1) 

 if more MEG is used, leakage rates are reduced (Fig. 1) 

 The model user most supply the degree of MEG saturation of the gas 

 We have not found similar MEG related assumptions in other countries; it 

could be a legacy of the transition from town gas infrastructure. 

 

 

Figure 7. Dependence of Cast Iron leakage versus  MEG saturation level 

 

We also note that details on joints are not used in the model. 

Theoretical Impact of MEG Saturation on Leakage
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The overall default leakage rates for mains assumed in the UK SLK model are listed below  

 

 

 

 

m
3

/annum/km 

@30mbarg D1  D2  D3  D4  D5  

MATERIAL  <=3"  4"-5"  6"-7"  8"-11"  >=12"  

PE  63.51  

Steel  3416.34  3854.34  

Ductile  719.18  576.40  

Pit Cast  2407.21  1639.85  2525.47  2203.98  7463.40  

Spun Cast  1075.71  

Figure 8. Rate of leakage for mains as defined in a national survey carried out in 2002/03 

 

Iron mains 

Pit cast grey iron is a brittle material with reasonable tensile strength but very limited elasticity. 
Natural ground movement, from seasonal changes in soil temperature or moisture, can apply 
significant forces to a buried pipe, although the extent of overall movement is usually limited in all 
but landslide conditions. Typically, the ground movement will temporarily distort or deflect a section 
of the pipe by a few degrees from its original line, which will spring back when soil 
temperature/moisture returns to its earlier state. However, grey iron pipe will fracture at deflections 
beyond a few minutes of arc less than 0.1 degree. Ground movement from heavy vehicles produces 
a similar effect on grey iron mains that are not well supported by the ground below the pipe; forces 
from wheel loads are less than from soil temperature/moisture change, but are repeated with each 
vehicle, gradually increasing the pipe deflection until it fractures.  

Ground movement and traffic loading are both capable of fracturing pit cast iron pipe in almost all 

diameters, even when newly laid. If the pipe is subject to surface or pitting corrosion in service, the 

wall thickness will gradually decrease, reducing the amount of ground movement or loading needed 

to fracture the pipe. 

Relative to pit cast iron pipe, spun iron pipe has a marginally higher tensile strength and slightly 

thinner wall, giving a similar overall strength and similarly limited elasticity. 

Ductile iron is a relatively elastic material, able to withstand substantial deflections and resist all but 

the most extreme ground movement and surface traffic loads. Ductile iron is also a relatively strong 

material, with a higher tensile strength than low grades of plain carbon steel. However, the ultimate 
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strength of ductile iron pipe is limited by its wall thickness, which is substantially less than pit or 

spun cast iron pipe. Ductile iron is still a cast iron material and its overall corrosion rate within any 

specific soil type is broadly similar to that of pit or spun cast iron. When buried within aggressive 

soils, all cast irons, including ductile iron, will corrode at an extremely rapid rate. 

Grey iron is not an elastic material; grey iron mains will fracture when subject to ground movement 

arising from normal changes in soil temperature/moisture and/or routine vehicle traffic at the 

surface. Pipe sizes below 10 to 12 inch diameter fracture readily; larger pipes are more likely to 

fracture if changes in soil temperature/moisture occur rapidly or when surface loading includes HGV 

traffic, or when weakened by graphitic corrosion. 

The rate of any corrosive reaction will depend principally on the following:  

i. Soil temperature 

ii. Amount of oxygen available 

iii. Inherent corrosivity of the specific soil type 

iv. Inherent reactivity of the specific pipe material 

 

Ductile iron mains are likely to have sufficient flexibility to tolerate all but the most extreme ground 

movement and will rarely fracture in service. For all sizes of ductile iron main, the dominant failure 

mode is likely to be through wall corrosion. Ductile iron mains below ground will corrode and 

gradually lose strength; most mains will eventually suffer loss of integrity by some form of 

perforation. Inevitably, substantially corroded ductile pipe can fracture if subject to significant 

external loading or ground movement. 

The only formal comprehensive review of the Iron Mains Replacement Programme (see section 

6.2.3) was carried out by the HSE in 2005. One of the key issues highlighted in the review was that 

the length of the ‘at risk’ pipes was significantly higher than estimated in 2001. Transco’s 2004 

survey found that in 2001 there had been 101,800Km of ‘at risk’ mains compared to the original 

estimate of 91,000Km. 

Steel Mains  

Steel pipe corrodes at broadly similar rates to cast iron pipe and protective coatings applied to steel 

pipe are similarly prone to damage, usually during transport, storage and pipe laying. However, steel 

pipe is usually substantially thinner than cast iron pipe of similar diameter, and through wall 

corrosion will usually occur earlier. 

Steel pipe below ground is capable of resisting all but the most extreme ground movement and 

external loading; the pipe is also prone to corrosion, depending on the aggressive nature of the 

adjacent soil. In general, steel pipe of all sizes is unlikely to fail in service unless subject to external 

corrosion. In practice, the protective coatings applied to LP and MP steel mains are prone to damage 

and corrosion failure in service is not uncommon.  

In general, many types of joint used for steel pipe are essentially similar to those used for cast iron 

mains and joint leaks do occur. However, a substantial majority of small diameter steel mains are 

screw jointed; overall, steel pipe of all sizes are less likely to leak than cast iron mains. 
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Wales  and  the  West  estimate  460,000  steel  or  part  steel  services  and,  NGG estimate  

1.94x10^6 steel  services  in  use in 2010. That suggests  that somewhere between 5x106 and 6x10^6 

steel or part steel services may be currently in service. Based on WWU data, about 8.0% of total 

steel services may be connected to steel mains 

WWU report an average replacement of 22,700/year, with a total steel population of  
460,000. This suggests a replacement rate of about 4.9%. NGG report an estimated 1,942,000 steel 
services and average replacement rates of 114,000/year, equivalent to 5.9% 
 

Polyethylene (PE)  

PE pipe below ground is unaffected by all but the most extreme ground movement and external 
loading; PE is also noncorrosive and isn’t affected by aggressive soils. However, PE can be subject to 
degradation by chemical attack; PE gas mains within land contaminated with industrial pollutants do 
occasionally suffer chemical attack in service, but such occurrences are thought to be quite rare. In 
general, PE gas mains of all sizes/pressures are expected to provide a service life of 50 years or 
more. 

Services 

Services are not held on an asset register. The location, material, diameter and age of any individual 
service is there not known.  
 

In general, if the operating pressure of a gas main is higher, gas will escape at a greater rate. 

However, there is no clear evidence to show that MP gas mains represent a higher risk than LP 

mains. 

One can see from that Figure 8 and Figure 9 the dependence of the leakage rate for Pit cast mains 

versus diameter D is highly non monotonic which contradicts physical laws (see section 3.2). We also 

note that the leakage rates for steel increase with diameter as expected, while they decrease with 

diameter for ductile which is somewhat unrealistic. The leakage rates for PE and spun cast do not 

depend on diameter at all, which is again not in accordance with permeation physics. All these 

inconsistencies are probably the result of limited samples size of materials and networks used in the 

tests and potentially inaccurate statistical methods applied for processing data.  
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Figure 9. The rate of leakage for Pit cast mains versus diameter D 

 

These inconsistencies all point to the high desirability of conducting a new study; a recommendation 

that we shall come back to in terms of cost-benefit analysis. 

Below a sample leakage calculation is used to clarify the methodology. 

 

3.1.2 Example Leakage Calculation for Mains. Test Case 1 

 

We use assumptions and formulas from the Shrinkage Forum Documentationviii 

 Test Case 1: 

 <=3” Pit Cast; Original Length = 5.163; Proportion of CI treated = 75%; MEG 

Saturation = 40%; ASP = 30mbarg 

 Lead Yarn Length (5.163 x 88.5%) = 4.569 

 Lead Yarn Treated Length (4.569 x 75%) = 3.427 

 Lead Yarn Untreated Length (4.569 – 3.427) = 1.142 

 Non Lead Yarn Length (5.163 x (1-88.5%)) = 0.594 

 

 Lead Yarn Treated Length Leakage =  

 3.427km 

 x 2407.21 m3/km/annum@30mbarg [Leakage Rate for D1 Pit Cast] 

 x 30mbarg [ASP] 

 / 30mbarg [Ref Pressure] 

 x 69.78% [MEG Factor Associated with achieved 40% MEG Saturation] 

 / 79.86% [MEG Factor Associated with the reference 25% MEG Saturation] 

=7,208scm 

 

 Lead Yarn Untreated Length Leakage =  

 1.142km 

 x 2407.21 m3/km/annum@30mbarg [Leakage Rate for D1 Pit Cast] 

 x 30mbarg [ASP] 

 / 30mbarg [Ref Pressure] 

 / 79.86% [MEG Factor Associated with the reference 25% MEG Saturation] 

 =3,443scm 

 

 Non-Lead Yarn Length Leakage =  

 0.594km 

 x 2407.21 m3/km/annum@30mbarg [Leakage Rate for D1 Pit Cast] 

 x 30mbarg [ASP] 

 / 30mbarg [Reference Pressure] 

 =1,429scm 
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Total Leakage = 7,208scm (Lead Yarn Treated Length Leakage) 

 + 3,443scm (Lead Yarn Untreated Length Leakage) 

+ 1,429scm (Non Lead Yarn Length Leakage) 

=12,080 scm/year 

 

3.1.3 Example Leakage Calculation for Mains. Modeling full mains leakage  

 

To model full mains network we need to know the topology ( the proportion of various components 

) of the network. We use the Test Case 1 data and the typical topology from the US EPA data from 

Figure 10. (Emissions assumptions used by US EPA): 

Main-Cast Iron - -   30,904 miles 

Main Unprotected Steel  60,633 miles 

Main Protected Steel  486,521 miles 

Main-Plastic -   674,808 miles 

 

Services Unprotected Steel  3,668 miles 

Services Protected Steel - 14,751 miles 

Services Plastic -  46,153 miles 

Services Copper -  973,107 miles 

 

Then Total Network = Main-Cast Iron + Main Unprotected Steel + Main-Plastic = 766,3 miles 

From these data we can fine proportions of various components of the network: 

Main-Cast Iron / Total = 4% 

Main Unprotected Steel / Total = 8% 

Main-Plastic / Total = 88% 

 

Now we can design a test case for the UK mains network using proportions above. From Test Case 1: 

Length (3” Pit Cast mains) = 5.163 km, then  

Total Length = 129 km 
Main Unprotected Steel = 10.3 km 
Main-Plastic  = 113.6 km 
 

Test Case 2: 

Further we use formula (1) to compute 
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 Main-Plastic  Leakage =  

 113.6 km 

 x 63.51  m3/km/annum@30mbarg [Leakage Rate for D1 Pit Cast] 

 x 30mbarg [ASP] 

 / 30mbarg [Reference Pressure] 

 = 7,214 scm 

 

 Main- Unprotected Steel Leakage =  

 10.3 km 

 x 3854.34   m3/km/annum@30mbarg [Leakage Rate for D1 Pit Cast] 

 x 30mbarg [ASP] 

 / 30mbarg [Reference Pressure] 

 = 39,699.7 scm 

 

Finally, the leakage from the whole network consisting of Main-Cast Iron (Test Case 1), Main 

Unprotected Steel and Main-PE:  

Total Leakage = 7,208scm (Lead Yarn Treated Length Leakage) 

 + 3,443scm (Lead Yarn Untreated Length Leakage) 

+ 1,429scm (Non Lead Yarn Length Leakage) 

 + 7,214 scm (Leakage PE) 

 + 39,699.7 scm (Unprotected Steel Leakage) 

= 58,963 scm 

We can conclude that  

1) Leakage from PE (7,214 scm) is comparable with that from 3” Pit Cast Lead (12,080 scm); 

2) Leakage from Unprotected Steel is by far the most important contributor to the total 

leakage ( 67% of the total leakage)  

 

The above only considers the mains. The other important element of the leakage part of the model 

is service leakage. This is reviewed later. 

We can compare the UK mains and service leakage rates and those of other countries. This is done in 

overview below, with more explanation in section 4. 

 

3.1.4 Mains and services leakage rates: comparison with other counties 

 

Below is the summary of data from section 4. It indicates that there is a wide variation in leakage 

rates across countries with similar infrastructure, indicating that the assumed leakage rates are 
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subject to significant uncertainty. The other important point to note is that the UK assumed leakage 

rates for PE are much lower than those assumed elsewhere; this implies that the expected 

reductions in leakage from mains replacement may not be as large in practice. 

MATERIAL UK (m
3

/an/km  US EPA Netherlands UNFCC 

assumptions 

Mains –Cast Iron 2407.21 - 7463.4 

m
3

/an/km 0 

4224 m
3

/an/km 775 m
3

/an/km 5000- 7800 

m
3

/an/km 

Mains-Unprotected steel 3416.34- 3854.34 

m
3

/an/km 

1947 m
3

/an/km No data  No data 

Mains-Protected steel No data 54.33 m
3

/an/km 50 m
3

/an/km No data 

Mains –PE 63.51 m
3

/an/km 175.4 m
3

/an/km 210 m
3

/an/km  300 m
3

/an/km 

Services- Unprotected steel 10.6 m
3
/an/service 

leakage 

48.13 

m
3
/an/service 

leakage 

No data No data 

Services- Protected steel 10.6 m
3
/an/service 

leakage 

5.09 m
3
/an/service 

leakage 

No data No data 

Services- PE 0.0 m
3
/an/service 

leakage 

0.28 m
3
/an/service 

leakage 

No data No data 

Figure 11. Leakage rates for mains and services. Comparison with other countries: US (EPA), Netherlands 
and UNFCC (see section 4) for details. 

 

The important message from this comparison is that, given that LP mains leakage is of the order of 

60% of all leakage and that the UK uses a relatively low value for the Mains PE leakage rate, there 

may be an underestimation of leakage in comparison with other international benchmarks. This has 

implications for both the commercial aspects of system operation and the accounting of national 

emissions inventories. 

There is another important assumption in the mains leakage. This relates to Medium Pressure (MP) 

Leakage (8% of leakage). The model assumptions state:  

MP Leakage is estimated by applying the LP leakage rates at 30mbar to the MP mains asset 

profile. The rationale for this is that the number of public reported escapes (PREs) per km of 

MP main is of a similar order to that of the LP system and, hence, it is inferred that the mains 

must be leaking at a similar rate.  

This assumption does not distinguish number of leaks and leak quantity, the physics of leakage (see 

section 3.2 and Spanish study in section 4.2) indicate that there should be a significant pressure 

effect. Indeed, our sensitivity analyses below find that ASP is the most important factor in LP mains 

leakage. 
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3.1.5 Estimation of Service Leakage 

 
The other major element of the leakage mode is the service leakage element. The service leakage 

rates established in the 2002 National Leakage Tests were categorised within 4 individual categories 

based upon the material of the service and the material of the main:  

1. Metal service connected to metal main:  10.6m3/annum/service leakage  

2. PE service connected to metal main:  2.2m3/annum/service leakage  

3. Metal service connected to PE main:  Zero leakage  

4. PE service connected to PE main:   Zero leakage  

 

The leakage rates are defined as ‘per service’ rates and are not dependent upon the individual 

length of each service. There is no clear substantiation for this assumption. 

 

Estimation of Service Leakage for period  2009 –2012 

Following the acceptance and implementation of the revised methodology contained within the 

2009 Modification, the service estimation methodology within the leakage model for the period 

2009 onwards was amended to include the following additional steps [that would provide improved 

accuracy in relation to the service leakage estimate from 31st March 2007 onwards] to account for 

service replacement activity (but not for leakage rates by material).  

A] Establish a fixed number of metallic services for each LDZ when the baseline numbers were 

applicable (i.e. 31st March 2007) based upon the assumption that one third of all services on a 

mixed material network are metallic.  

B] Establish a fixed number of metallic services for each network when the baseline numbers were 

applicable (i.e. 31st March 2007) based upon the assumption that one third of all services on a 

mixed material network are metallic.  

C] Based upon the number of metallic services replaced within the LDZ since the baseline value was 

established, calculate the percentage of metallic services replaced for the LDZ for the year.  

D] Apply this percentage reduction in services to the fixed metallic service population of each 

network to determine a revised total of metallic services within each network.  

E] Calculate the PE service population for each network by subtracting the value determined in D] 

from the total number of services within the network.  

F] Apply the same assumptions as within the current estimation methodology to determine the 

service populations within the 4 individual service categories for each network. 

Proposed Service Leakage Estimation Methodology 

The implementation of the revised methodology for service leakage estimation contained within the 

2009 Modification, effectively ‘fixed’ the number of metallic services assumed at the time the 

incentive allowances were set in 2006/07 and subtracted from this the cumulative number of 

services replaced in subsequent years. However, the assumed populations in 2006/07 were 

themselves based on the relative populations of steel and PE services that existed at the time of the 

1992 National Leakage Tests.  
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The most recent Leakage Model Modification proposes a methodology that is designed to more 

accurately reflect the service populations within networks. 

Service Populations  

The proposal to establish current service populations is:  

To use the data from 2008/9, 2009/10 and 2010/11 replacement mains lengths, service relays and 

transfers data to determine the proportion of each type of service connection to metallic mains over 

this period for each LDZ and to deem this representative of the overall population of service 

connections to metallic mains for the LDZ. The level of replacement done over a three year period 

provides a substantial sample of connections, which will lead to a statistically valid estimate of the 

population; details are provided in Tables 1 and 2.  

All service connections to PE mains have zero leakage and therefore the steel/PE service mix of such 

connections does not matter for leakage derivation purposes. For completeness, it is proposed to 

utilise data on the mix from the 2002/03 National Leakage Tests (NLT) as outlined in Appendix A. This 

will establish new values for the four service categories for the base year, which will be 2010/11. For 

the subsequent years, the population values will be derived from these base year values along with 

the known 

Service Transfers  

Following the establishment of new service populations for the base year, 2010/11, the leakage 

model will have an estimate of the number of services in each of the four categories:  

Steel service connections to metallic mains  

PE service connections to metallic mains  

Steel service connections to PE mains  

PE service connections to PE mains  

The current model takes account of re-laid services each year by subtracting these from the number 

of ‘steel service connections to metallic mains’ category but does not take into account transferred 

services in a year. There appears no good reason to ignore transferred services. It is proposed, 

therefore, that the annual updating methodology should include the impact of transferred services; 

this being achieved by subtracting the number of service transfers from the ‘PE service connections to 

metallic mains’ category. The number of service re-lays and transfers will be added to the ‘PE service 

connections to PE mains’ category. 

 

Figure 12. Northern Gas Networks mains replacement data for 2008/9 to 2010/11 
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Figure 13. Service type connected to PE mains from 2002/03 National Leakage
ix

 

There were a number of assumptions within the ‘pre 2009’ leakage model relating to individual 

network populations of services that enable an estimate of the number of services within the 4 

individual service categories to be included within the leakage model. These assumptions were 

identified as follows:  

 

1. The number of services within a network is deemed to be the same as the number of 

connected consumers.  If possible, this assumption should be checked through the current 

data cleansing exercise in the industry 

2. For an ‘all PE’ mains network, all services are PE  

3. For mixed material networks, two thirds of services are PE  

4. The number of metallic services attached to PE mains is calculated by multiplying the 

assumed number of metallic services by 0.187097.  

5. PE services are evenly distributed between PE and metallic mains on a length weighted 

basis.  

6. Within the leakage model, the number of services attached to ‘all PE’ networks were 

identified as ‘excluded services’ and were not included within the subsequent service split 

calculation. 

 

The service estimation methodology within the leakage model for the period 2009 onwards was 

amended to include the following additional steps to account for service replacement activity. Leaks 

are assumed to take place under defined conditions of temperature and pressure. 

 

1. Establish a fixed number of metallic services for each LDZ when the baseline numbers were 

applicable (i.e. 31st March 2007) based upon the assumption that one third of all services on 

a mixed material network are metallic.  

2. Establish a fixed number of metallic services for each network when the baseline numbers 

were applicable (i.e. 31st March 2007) based upon the assumption that one third of all 

services on a mixed material network are metallic.  

3. Based upon the number of metallic services replaced within the LDZ since the baseline value 

was established, calculate the percentage of metallic services replaced for the LDZ for the 

year.  

4. Apply this percentage reduction in services to the fixed metallic service population of each 

network to determine a revised total of metallic services within each network.  

5. Calculate the PE service population for each network by subtracting the value determined in 

D] from the total number of services within the network.  

6. Apply the same assumptions as within the current estimation methodology to determine the 

service populations within the 4 individual service categories for each network. 
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3.1.6 Service network leakage: population and leakage factor worked examples. 

 

We consider two different LDZ’s, using data published  by GDNs 
 

1. Keswick network in North LDZ (published as part of the review of NGN’s SLMx)  

The data/ assumptions provided are: 
 

Metallic Length = 12.585km;  
 
Total Number Services = 2934 
 
Number Steel Service Connections to Metallic Mains  = Relays/km x Metallic Length 

= 44.28 x 12.585 
=557 

Number PE Service Connections to Metallic Mains   = Transfers/km x Metallic Length 
= 31.506 x 12.585 
=397 

Total no. service connections to metallic mains   = 557+397 
= 954 

Total no. service connections to PE mains   = 2934-954 
=1980 

Number PE service connections to PE mains   = 1980*98.25% 
= 1945 

Number steel service connections to PE mains   = 1980*1.745% 
= 35 

 
Using these data we can compute:  

Total leakage =  Service Leakage Rate (Metal service connected to metal main) *  

Number Steel Service Connections to Metallic Mains + 

Service Leakage Rate (PE service connected to metal main) *  

Number PE Service Connections to Metallic Mains =  10.6m3/annum/service leakage 

* 557 + 2.2m3/annum/service leakage * 397 = 5904.2 + 873.4 = 6,777.6 m3/annum 

 

Emissions assumptions used by US EPA 

 

Using data presented in Section 4 the following leakage rates can be used for estimates: 

  

1. Metal service connected to metal main:  5.09 or 48.13 m3/annum/service leakage  

2. PE service connected to metal main:              0.28 m3/annum/service leakage  

3. Metal service connected to PE main:  5.09 or 48.13  m3/annum/service  

4. PE service connected to PE main:   0.28 m3/annum/service  

 

In this case, if we just change the PE service assumption to the EPA service rate leakage figure we 

obtain an increase in leakage of about 10% to 7,439 m3/annum.  

On the other hand, if we assume metallic services are unprotected steel, this would lead to an 

increase to 29,616, ie over fourfold. 
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2. The Dundee network in Scotland (SC) LDZ  

This data comes from the review of SGN’s SLM in June 2012. 
 
Metallic Length = 211.813km;  
 
Total Number Services = 43,708 
 
Number Steel Service Connections to Metallic Mains = Relays/km x Metallic Length 

= 44.177 x 211.813 = 9,357 

Number PE Service Connections to Metallic Mains = Transfers/km x Metallic Length 

= 54.505 x 211.813 = 11,545 

Total no. service connections to metallic mains = 9,357+11,545 = 20,902 

Total no. service connection to PE mains = 43,708-20,902 = 22,806 

Number PE service connections to PE mains = 22,806 x 98.2% = 22,395 

Number steel service connections to PE mains = 22,806 x 1.8% = 411 

Using these data we can compute  

Total leakage = Service Leakage Rate(Metal service connected to metal main) * Number Steel Service 

Connections to Metallic Mains +  

Service Leakage Rate(PE service connected to metal main) * Number PE Service Connections to 

Metallic Mains =  10.6m3/annum/service leakage * 9,357 

+ 2.2 m3/annum/service leakage * 11,545 = 99,184.42 + 25,399 = 124,583.42 m3/annum 

 

Using the EPA assumption on PE services would increase this figure to around 134,000.  

3.1.7 Uncertainty and sensitivity analysis 

 

Background 

Models used to compute leakage are based on uncertain parameters. It is important to quantify 

how uncertainty in model parameters effects uncertainty the in model output. Global sensitivity 

analysis (GSA) offers a comprehensive approach to model analysis by quantifying how the 

uncertainty in model output is apportioned to the uncertainty in model inputsxi,xii. Unlike local 

sensitivity analysis, GSA estimates the effect of varying a given input (or set of inputs) while all other 

inputs are varied as well, thus providing a measure of interactions among variables. GSA is used to 

identify key parameters whose uncertainty most affects the output. This information then can be 

used to rank variables, fix unessential variables and decrease problem dimensionality. The variance-

based method of global sensitivity indices based on Sobol' sensitivity indices became very popular 

among practitioners due to its efficiency and easiness of interpretation. Annex 3 has more 

information. 

Global sensitivity analysis of the leakage model for Mains 
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The results for the mains leakage model example is below, where Sobol’ sensitivity indices Si are 
calculated for three different scenarios (S1, S2 and S3). Scenario  S3 is the most useful piece of 
information 
 

X Name Value (Xb) Si (S1) Si (S1) Si (S3) 

XM1 Leakage Rate of 3” Pit Cast mains 2407.21 
m3/km/annum 
@30mbarg 

0.130 0.219 0.0176 

XM2 Proportion of CI treated 75% 0.130 0.0147 0.00104 

XM3 MEG Saturation* 40% 0 0 0 

XM4 Assumption of Pit Cast 88.5% 0.130 0.00 0.0 

XM5 MEG Factor Associated with achieved 
40% MEG Saturation 

69.78% 0.131 0.078 0.00629 

XM6 MEG Factor Associated with the 
reference 25% MEG Saturation 

79.86% 0.132 0.172 0.0138 

XM7 3” Pit Cast mains Length 5.163km 0.131 0.219 0.0172 

XM8 ASP 30mbarg 0.130 0.219 0.418 

XM9 Main-Plastic  Length 113.6 km   0.00625 

XM10 Leakage Rate of PE 63.51 
m3/km/annum 
@30mbarg 

  

0.00624 

XM11 Unprotected Steel Length 10.3 km   0.189 

XM12 Leakage Rate of Unprotected Steel ( D 
>= 3”) 

3854.34 
m3/km/annum 
@30mbarg 

  

0.189 

Note: * XM3 is not used in the inputs, hence Si(MEG Saturation) is 0 

Figure 14. Sensitivity analysis of mains leakage model 

 

Figure 14 presents the base values of parameters XMb and Sobol’ sensitivity indices  assuming 20% 

variation in the values of parameters (Xb +/- 10%) for three different scenarios: 

S1 – only Lead Yarn Treated Length Leakage is used as output 
S2 – all three components of 3’’ Pit cast mains (Lead Yarn Treated and Non-Lead Treated) are used as 
output (Test Case 1) 
S3 – total leakage: total leakage: all five components (Lead Yarn Treated and Non-Lead Treated, 
Steel and PE ) are used as output. 
 

Global sensitivity analysis shows that for scenario S1 all parameters are equally important,  

for scenario S2 the most important parameters are 

1. the Length  

2. ASP  

3. MEG Factor Associated with the reference 25% MEG Saturation 

 

for scenario S3 the most important parameters are  

1. ASP ( the highest impact)  
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2. Unprotected Steel Length 

3. Leakage Rate of Unprotected Steel ( D >= 3”) 

 

Global sensitivity analysis of the service leakage model 

This technique aims to identify the most important parameters/assumptions in the model. These 

help to prioritise the areas where information is most important. 

1. Keswick network in North LDZ.  

 

X Name Value (Xb) Si (S1) Si (S2) Si (S3) 

X1 Metal service connected to 
metal main 

10.6m3/annum/service 0.257 0.259 0.172 

X2 PE service connected to metal 
main 

2.2m3/annum/service 0.006277 0.00629 0.00413 

X3 Metal service connected to PE 
main 

0 0 0.007 0.0911 

X4 PE service connected to PE 
main 

0 0 2.84E-06 3.40E-05 

X5 Relays/km  44 0.257 0.235 0.108 

X6 Transfers/km  32 0.00587 0.003537 1.04E-05 

X7 Metallic Length 12.585km 0.340 0.296 0.108 

X8 Total Number Services 2934 0 0.016 0.208 

X9 PE service %  98.214 %  0 0.007 0.0911 

X10 Steel service %  1.786%  0 2.08E-06 2.63E-05 

Figure 15. Sensitivity analysis of service leakage model (Keswick) 

 

Figure 15 presents the base values of parameters Xb and Sobol’ sensitivity indices (the indices which 

quantify how important the quantity is in the leakage model) assuming 20% variation in the values of 

parameters (Xb +/- 10%) for three different scenarios: 

S1 – all Xb’s are taken from Northern Gas Networksxiii; 

S2 – X2 = X3  = 0.5. m3, while the rest of Xb’s are unchanged; 

S3 – X2 = X3  = 2.2. m3 ( that is they are equal to X2), while the rest of Xb’s are unchanged; 

 

In scenarios S2 and S3 it is assumed that the assumptions that the leakage rates for metal service 

connected to PE main and PE service connected to PE main are equal to zero are unrealistic. Global 

sensitivity analysis shows that for all three scenarios the most important parameters are 

 

1. the metallic length 

2. the leakage rate for the metal service connected to metal main 

3. the number of relays per km 

 

For scenario S3 however, the total number of services becomes an important parameter while the 

importance of relays/km and metallic length decreases. Surprisingly, even assuming quite high 
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values of the leakage rates for metal service connected to PE main and PE service connected to PE 

main does not strongly influence the sensitivities of corresponding parameters.  

 

2. The Dundee network in Scotland (SC) LDZxiv 

Figure 16 presents the base values of parameters Xb and Sobol’ sensitivity indices assuming 20% 

variation in the values of parameters (Xb +/- 10%). Global sensitivity analysis shows similarly to the 

previous case the most important parameters are 

1. the metallic length 

2. the leakage rate for the metal service connected to metal main 

3. relays/km 

 

X Name Value (Xb) Si (S1) 

X1 Metal service connected to metal main 10.6m3/annum/service 0.230 

X2 PE service connected to metal main 2.2m3/annum/service 0.0164 

X3 Metal service connected to PE main 0 0 

X4 PE service connected to PE main 0 0 

X5 Relays/km  44 0.230 

X6 Transfers/km  32 0.0157 

X7 Metallic Length 211.813km 0.367 

X8 Total Number Services 43,708 0 

X9 PE service %  98.214 %  0 

X10 Steel service %  1.786%  0 

Figure 16. Sensitivity analysis of service leakage model (Dundee) 

3.1.8 Conclusions 

 

1. For all sizes of ductile iron main, the dominant failure mode is likely to be through wall 

corrosion. When buried within aggressive soils, all cast irons will corrode at an extremely 

rapid rate. The leakage model does not account for the geography in general and for types 

of soils, in particular. 

2.  Steel pipe corrodes at broadly similar rates to cast iron pipe. However, steel pipe is usually 

substantially thinner than cast iron pipe of similar diameter, and through wall corrosion will 

usually occur earlier. Steel pipes are prone to corrosion, depending on the aggressive nature 

of the adjacent soil. Hence types of soils which are not accounted for in the leakage play an 

important role in estimating leakage rates.  

3. PE pipes can be subject to degradation by chemical attack; PE gas mains within land 

contaminated with industrial pollutants can suffer chemical attack in service which will 

result in the increased leakage rates. 

4. Services are not held on an asset register. The location, material, diameter and age of any 

individual service is there not known. 
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5. It follows from the rates of leakage for mains as defined in a national survey carried out in 

2002/03 that the dependence of the leakage rates 

A) for Pit cast mains versus pipe diameter are highly non monotonic  

B) decrease with diameter for ductile 

C) for PE and spun cast do not depend on diameter at all 

all of which contradict physical laws. These inconsistencies are the result of limited samples 

size of materials and networks used in the tests and potentially inaccurate statistical 

methods applied for processing data. 

6. Comparison with other counties show that the UK assumed leakage rates for PE are much 

lower than those assumed elsewhere. A relatively low value for the Mains PE leakage rate 

may result in an underestimation of leakage in comparison with other international 

benchmarks. 

7. MP Leakage is estimated by applying the LP leakage rates at 30mbar to the MP mains asset 

profile. This assumption does not distinguish number of leaks and leak quantity, while the 

physics of leakage  indicates that there should be a significant pressure effect. 

8. The service leakage element of the leakage mode contain some assumptions which don’t 

have clear substantiation, f.e. zero leakage rate for metal and PE services connected to PE 

main, the assumption that one third of all services on a mixed material network are metallic, 

the assumption that the number of metallic services attached to PE mains is calculated by 

multiplying the assumed number of metallic services by 0.187097, etc. 

9. Leakage from a typical network in one LDZ computed with the US EPA service rate leakage 

figures for PE gives an increase in leakage up to 10%.  

10. Global sensitivity analysis aims to identify the most important parameters/assumptions in 

the model. These help to prioritise the areas where information is most important.  

11. Global sensitivity analysis of the leakage model for mains show that A) for scenario S2 in 

which all three components of 3’’ Pit cast mains (Lead Yarn Treated and Non-Lead Treated) 

are used as output the most important parameters are the length, ASP, MEG factor 

associated with the reference 25% MEG Saturation; for scenario S3 all five components of 

the network are used as output (total leakage) the most important parameters are ASP ( the 

highest impact), unprotected steel length and the leakage rate of unprotected steel ( D >= 

3”). 

12.  Global sensitivity analysis of the service leakage model shows that the most important 

parameters are the metallic length, the leakage rate for the metal service connected to 

metal main and the number of relays per km. 
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3.2 Permeation in PE pipelines 

As noted above, the leakage model assumes no leakage in PE service pipelines and relatively low (by 

international standards) leakage in mains. In addition to actual fractures or perforations in a pipeline 

system, the other ways for gas to leak from a pipeline is via the joint seal and via permeation 

through the pipe wall. Permeation losses in PE are small, but non-zero and it may be necessary to 

distinguish between permeation losses and possible leakage. The following equation may be used to 

determine the volume of a gas that will permeate through PE pipe of a given wall thicknessxv,xvi: 

𝑞𝑃 =  
𝐾𝑝𝐴𝑠𝜃𝑃𝐴

𝑡′
 

Where  

qP = volume of gas permeated, cm3 (gas at standard temperature and pressure) 

KP = permeability constantxvii 

As = pipe outside wall area in units of 100 square inches 

PA = pipe internal pressure, atmospheres  

Θ = elapsed time, days 

t’ = wall thickness, mils 

Of the above, the major source of uncertainty is the permeability constant, KP, which is a function of 

the material of construction of the pipeline. It the case of CH4 and PE pipeline, KP is reported to be 

approximatelyxviii  85 𝑐𝑚3𝑚𝑖𝑙
100𝑖𝑛2𝑎𝑡𝑚. 𝑑𝑎𝑦⁄ . Using this figure we obtain the graph below. 

 

Figure 17: Gas permeation rate through PE pipelines as a function of pipeline diameter and operating 
pressure, calculated on the basis of a 1 mile length of pipeline.  

 

As is evident from Figure 17, the dominant factor in this relationship is the pressure at which the 

pipeline is operating. The key result is that a 1 km length of 2” diameter of PE pipeline will leak 

slightly more than 450 m3 per year via permeation of CH4 through the pipeline wall. This is a non-
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trivial number, relative to those calculated in the previous section (but subject to significant 

uncertainty as explained below since the Kp = 85 value was probably derived at high pressure). It 

may therefore be reasonable to suggest that leakage via permeation is an important contributing 

factor to gas shrinkage; this factor is not included in the GDN model for services at the moment as it 

is based on the empirical data from the 2002 trial. 

Hence, the hypothesis that natural gas (CH4) does not leak from plastic (PE) service pipelines is 

incorrect, however it is still likely small (on a per unit length basis) relative to other sources of 

leakage. However, the data above also indicate a considerable range of uncertainty, all of which 

relate to rates of permeation. It is important to note that the uncertainty comes from a number of 

sources 

 Kp is actually difficult to measure in a reliable fashion, particularly at low pressures and we 

suspect the figure of 85 was derived at higher pressures e.g. 4MPa. 

 The transport properties of the polymer are a function of the polymer properties, e.g., its 

crystalinity, void fraction, thermal history – so there is little reason to think that one Kp value 

is representative of an entire network 

We therefore re-evaluate the permeation model using first principles below. 

3.2.1 Permeation model  

That CH4 will permeate through PE pipelines is well established in the literature. However, this 

phenomenon is complex to measure and analyse. Indeed, the permeability (Pe), the diffusion (D) or 

the solubility coefficients (S) vary generally with many parameters which can be intrinsic to the 

polymer, such as the weight fraction of crystallinity, the nature of the polymer or even the thermal 

history of the samplexix,xx. The three key parameters, Pe, D and S are defined as followsxxi: 

The permeability coefficient, Pe, expressed in cm3(STP)/cm·s·MPa, is directly proportional to the rate 

of gas flow versus the applied pressure and in steady state is written as: 

𝑃𝑒 =
𝑄𝑙

𝐴𝑡𝑝
 

where Q is the amount of gas in cm3 (STP), l is the membrane thickness in cm, A is the diffusion area 

in cm2, t is the time in s, and p is the applied pressure in MPa. As is evident from the units used here, 

the pressure of the gas is an important parameter for a given material. 

The diffusion coefficient, D, given in cm2/s, is obtained from the relation: 

𝐷 =
𝑙2

6𝜃
 

where θ is the “time lag” in s. Finally, the solubility coefficient S, expressed in cm3 (STP)/cm3.MPa, is 

calculated as the ratio Pe/D.  

For the purposes of this project, we are primarily interested in the calculation of Q as a function of a 

measured Pe. This in turn relies on obtaining reliable values of Pe, which can be challenging as the 

rigorous calibration of the permeation cell is very difficult as far as the expected flow ranged from 

some tenths of cm3/h to some cm3/h. The experimental uncertainties of Pe, D and S, are of the order 

of some percent for permeability, from 10% to 15% for the diffusion coefficient and about 20% for 

solubility. 
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Further, the precise calculation of the rate of permeation is itself a function of several intrinsic 

material properties, namely, the degree of crystallinity, Xc, and the volume fraction of the crystalline 

phase, c, both of which also need to be measured, typically via differential scanning calorimetry. For 

polyethylene, the degree of crystallinity is also an important parameter and an increase of the 

volume fraction of the amorphous phase (Φa) results in an increase of Pe, D and S. 

 The following table, reproduced from Flaconnèche et al., gives an indication of the range of values 

of Pe, D and S which would be expected. 

Table 1: Transport coefficients of CH4 in polyethylene 

 

It is further important to note that permeation is also characterised by a time lag – permeation of 

CH4 is not instantaneous, and is proportionate to the square of the pipeline thickness (l), as 

illustrated in Figure 18. 
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Figure 18: Relationship between time lag and l
2 

 

It is common to compare the speed of the gas molecules to the relaxation speed of the polymer 

chains that make up the pipeline. Then, the ratio of these speeds allows to separate the various 

cases of diffusion. The main cases are: 

- The relaxation rate of the polymer chains is very high compared to the speed of gas 

molecules diffusion. Then, the diffusion front propagates at the gas rate in the polymer and 

the time lag is proportional to the square of the membrane thickness 

- In a second case, the diffusion front moves much more slowly than the gas. The time lag is 

equal to the time necessary for this front to cross the membrane. This time is directly 

proportional to the thickness. 

For example, a PE pipeline with a wall thickness of 5-6 mm is likely to have a time lag on the order of 

31,100 s. 

Noting that “natural gas” is not, in fact 100% CH4 but is rather a mixture of alkanes (chain length < 5), 

it is important to note that the partial pressure of a given component in the gas mixture is more 

important to the values of the gas transport coefficients, rather than the absolute pressure. Kulkarni 

and Sternxxii studied the permeation of CO2 and a range of n-alkane gases through PE in a pressure 

range 0.1 – 4.0 MPaxxii and S appeared independent of pressure, with the diffusion coefficient 

depending systematically on concentration, and pressures greater than 15 MPa were required to 

influence S.  

Regarding permeability, a study dealt with ten gases from 0.1 to 13 MPa on polyethylene and 

polypropylenexxiii. The authors noted a slight, linear, increase of permeability with the pressure of 

the most soluble gases, namely CO2 and CH4, in PE. On this basis, and using data from Memari et 

al.xxiv 

Table 2: permeability coefficients of CH4 at 298K in PE. 

P (MPa) 106 Pea (cm3(STP)/cm.s.MPa) 

2.9 2.6 ± 1.2 
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5.0 3.2 ± 0.8 

8.4 3.2 ± 0.8 

 

On this basis, we estimate that PeCH4 at ambient conditions to be on the order of 0.5± 0.25 x10-6 

cm3(STP)/cm.s.MPa. This is on the same order as the value of 3.79 x10-6 cm3(STP)/cm.s.MPa reported 

by the American Gas Associationxxv.  

The ambient temperature is, however, a much more important parameter. Polymers consist of 

entanglements of macromolecular chains. Increasing the permeation tests temperature leads to a 

simultaneous increase of the degree of chain mobility and of the gas molecule mobility. This can be 

expressed via Arrhenius’ laws type expressions: 

𝑃𝑒 = 𝑃𝑒0𝑒𝑥𝑝 (
−𝐸𝑃𝑒

𝑅𝑇
) 

Where Pe0 is the value reported in Table 2 and  EPe is the activation energy of permeability and has a 

value in the range 40 – 47 kJ/molxxvi. However, based on the range of temperatures expected to be 

relevant to gas pipelines in the UK (-5 oC < Tamb < 30 oC), temperature is not anticipated to have a first 

order effect on gas permeation effects, rather the uncertainty in EPe and Pe0 are significantly more 

important.  

Finally, evaluating the above for a 1 km section of PE pipeline operating at 30 mbarg over 1 year for 

pipe diameters between 1 – 12”, we obtain the following result: 

 

 

Figure 19: Calculated gas permeation from natural gas pipelines 
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In line with EN 12201/ANSI/ASME Standard B31.8, the thickness of the pipe wall increases in line 

with the pipeline diameter. In the absence of detailed information, it was assumed that, as the 

pipeline diameter increased, so too did the operating pressure, such that at 2”, the line operates at 

30 mbarg but a 12” line operates at 85.6 mbarg. Thus the importance of operating pressure, wall 

thickness and diameter/surface area are mediated here.  

Therefore, a 2” service might be expected to lose 30 – 100 m3/km.year of CH4, and a larger main of 

sya 8” would be expected to lose 129 m3/km.year. Note that this relate only to permeation in the 

normal course of operations and does not include additional leakage from e.g. pinholes and 

joints/seals. 
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3.3 AGI Leakage  

An above ground installation (AGI) is usually where a gas pipeline is brought to ground to facilitate 

operation and maintenance. They are estimated to be responsible for around 7-11% of leakage. This 

figure was estimated from a national testing programme in 2002-3, using five different types of AGI 

and average leakage rates.  

To improve the estimation would require a similar survey. The joint GDN submission estimates that 

this would be expensive (noting that the 2002-3 survey cost around £1m) and argue that an updated 

survey would not be cost effective at the moment.  

They do note that new technologies for identifying leaks and measuring leakage rates are being 

developed; these could bring down costs of a new survey and so developments in this area should 

be monitored. 

There is not much literature on gas leakage rates from AGIs, but it was noted that up to 2% of all gas 

entering the GDN was leaking from Titas Gas Networks in Bangladesh. 

We also note that the AGIs are not distinguished by age in the leakage model; this would be good 

practice as performed in the oil and gas industry where an age factor is used to modify “nominal” 

leakage rates.  

As explained in section 5.2.1, the emissions factor increases with age; the standard factors are 

multiplied by age factors as follows: 

 

Commissioning data Age adjustment factor 

After 1988 1.0 

Between 1980 and 1988 1.3 

Before 1980 1.5 
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3.4 AGI Venting  

AGI Venting is estimated to account for 4%-7% of leakage 

GDNs use pneumatic control systems to control pressures at a number of large pressure reduction 

sites. These systems use the onsite natural gas, which is therefore routinely vented during normal 

system operation. The control systems have two relevant elements: 

 Positioners which adjust the regulator to meet the required pressure following signals from 

Controllers 

 Controllers which monitor pressures and send signals to the Positioners 

These can be separate pieces of equipment or a single piece of equipment that operate as both. 

The venting of gas that comes about through these operations is estimated based on a national 

figure quoted in a Watt Committee report from 1994. Today, the derivation of this value is unknown 

and as it is a single fixed value for each LDZ, it remains unchanged and it is difficult to refine without 

knowing the assumptions and basis of the calculation.  

As a result, GDNs have initiated site surveys in support of a project raised by National Grid to review 

venting rates of the most common pieces of equipment used to pneumatically control AGIs. The aim 

is to improve the AGI venting estimation by making it an activity based calculation. 

For example, NG is undertaking studiesxxvii at the North West and West Midlands and the Eastern, 

East Midlands and North Thames networks. The results should be reported in late 2015. 

It was expected that a revision to the AGI Venting calculation, based on the outcome of the study, 

would have been subject to a formal consultation later in 2014/15. However, the outcome from the 

initial surveys has indicated that further survey work is required and formal consultation is not now 

expected until late 2015 at the earliest. 

It would make sense to await the outcomes of these trials and consultations, since the original 

venting estimation method is clearly very approximate.  As explained below, there are various 

strands of work underway to improve AGI venting estimates, and would make more sense to review 

these improved estimates which take account of evidence on the ground. 

The GDNs are required to perform an annual review of the shrinkage and leakage model (SLM).  

The outcome of the GDN’s 2014/15 SLM reviewxxviii with review to AGIs is: 

GDNs have initiated site surveys in support of the proposed modification consultation 

initiated by National Grid in respect of Above Ground Installations 

The AGI plans are illustrated below. 
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Further details are below: 

Proposed Above Ground Installation Venting Model Modification 

Currently, the leakage model assumes a fixed level of venting from Above Ground Installations. This 

level is that quoted in a 1994 Watt Committee report; however, the quoted value is single value for 

the UK and its derivation is unknown. The leakage model allocates this value across the thirteen LDZs 

based on the number of AGIs that typically have routinely venting equipment. As the derivation of the 

AGI Venting estimate is unknown, this remains unchanged in the leakage model each year. 

 It is proposed that site-specific data be used to estimate the amount of AGI venting for each LDZ. The 

advantages of this are that the estimate would be reflective of current equipment in each LDZ and 

would have a known derivation. The venting estimate would be ‘activity’ based, i.e. it would be linked 

to specific equipment, and as such, it would be possible to reflect changes associated with any 

replacement activity. 

However, steady-state venting is not the only venting that takes place at AGIs. Equipment that 

routinely vents also has additional venting when physically controlling actuator movement. The 

associated level of this venting is very difficult to determine as it depends on the number of control 

actions taking place. It is proposed that a 25% uplift to steady-state venting be applied to account for 

this; however, given that this is only an arbitrary value, it is considered that this volume should not 

form part of the incentive. Therefore, this level of venting could either be included as a fixed element 

within the leakage model or simply omitted. 

The proposed AGI Venting calculation is shown in detail in Appendix B.3 (reproduced below) 

It is the Proposers’ view that this is a better methodology for estimating steady-state AGI Venting 

leakage that improves the accurate calculation of leakage in accordance with Special Condition E9 

paragraph 4(a). 
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3.5 Own use of gas 

“Own use of gas” (OUG) refers to gas used by the transporter for operational purposes, which is 

mainly for preheating, but which does not pass through a meter. 

Because the amount is not metered, the quantity is currently estimated by applying a fixed 0.0113% 

factor to throughput, which was established by a study carried out in 2002. This definition was 

formally approved by the Authority on 16 September 2014. From the SLM review documentxxix: 

Own Use Gas (OUG) – This is currently measured as a percentage of annual through-put with no 

direct reduction commitment. The majority of the GDNs’ OUG is linked to the requirement to pre-

heat gas entering their systems from the NTS. The GDNs’ preheating requirements are currently 

delivered via aging Water Bath Heaters or more modern Boiler Package Technologies. However, 

there are several key issues that GDNs currently face when appraising options for preheating 

technologies: 

 the whole life costs and, in particular, the carbon impact of currently available 

technologies is not understood; and 

 secondly there has been limited research and development in this area resulting in 

limited financially viable alternatives to existing technologies. 

Ofgem awarded funding for a Network Innovation Competition project to investigate the options for 

modernising gas preheaters in a low carbon environment (more information on this project is 

available in the innovation section below). 

Prior to pressure reduction points in the system, preheating is required to ensure that the 

subsequent temperature is not too low. This is usually performed in a water bath preheater, as in 

the picture below. 
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Figure 20. Water bath preheater for GDNs
xxx

 

Advantica reviewed the model again in 2006xxx; they found that there were large uncertainties in 

each system due to the low level of data and metering. Particular uncertainties include: 

 Pre-heater efficiencies 

 Control regime of pre-heaters 

 Ground temperature assumptions 

 Scaling factor to estimate pre-heater consumptions for LDZs with missing data 

Their study gives rise to ranges as follows 

 95% confidence intervals attributed to missing data  

o 0.0102% (assuming a heater efficiency of 50%). 

o 0.0137% (assuming a heater efficiency of 50%). 

 Including variation in efficiency of the pre-heaters, the actual OUG percentage figure may lie 

between:  

o 0.0073% (with 70% efficiency)  

o 0.0229% (with 30% efficiency) 

This indicates that own use gas could be anywhere from around 60% of the current estimate to just 

over 200% of the current estimate. If the latter estimate were right, then we would expect around 

2% additional shrinkage. 

We note that Northern Gas Networks are currently undertaking a network innovation project 

investigating Low Carbon Gas Preheatingxxxi which involves installing and monitoring the operational 

efficiency of a representative sample of preheating technologies. It was anticipated that by 

December 2014 live data from 8 sites with different pre-heater technologies will be available. This 

will allow a comparison of the system efficiency of each site/technology to be undertaken.  

We expect data from this project will be at some point be made public due to the funding regime 

and strongly recommend a data request which can be used to provide new estimates. The data are 

also starting to be publishedxxxii. 
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3.6 Theft 

The theft element in shrinkage is only the ‘transporter responsible’ theft. Theft is very difficult to 

quantify exactly so it has ended up being a negotiated proportion of LDZ throughput. The calculation 

is as follows: 

Instances of Theft are assumed to be 0.3% of LDZ throughput, of which 10% of the total theft is 

transporter responsibility (i.e. 0.03% of LDZ throughput). 

Note that “Transporters however believe that only 3.1% is transporter responsibility (i.e. 0.01% of 

LDZ throughput) based on confirmed occurrences of theft from xoserve” 

Theft upstream of emergency control values (ECVs) – which is the responsibility of the transporters- 

has proven to be difficult to identify so is currently agreed to be 0.02% of LDZ throughput.  

According the joint GDN SLM submission, all of the GDNs recognise the potential for customers to be 

taking unmetered gas from their networks and have set up dedicated teams within their businesses 

to address the issue.  

The GDNs have developed a Theft of Gas Code of Practice managed by the Supply Point  

Administration Agreement and claim to have developed a clear set of guidance for industry parties 

on how to approach theft of gas investigations. 

They claim that: 

“These efforts have been focused on ensuring robust processes are in place to resolve cases 

of illegally taken gas (through physical tampering upstream of the ECV or through lack of 

supply contract), substantially reducing the number of outstanding shipperless and 

unregistered sites as well as implementing measures to prevent new 

shipperless/unregistered site creation. 

In addressing the outstanding workload of shipperless/unregistered sites on behalf of 

industry GDNs implemented a project led by Xoserve which during 2014 sent letters and then 

commenced site visits to almost 23,000 sites nationally. When GDNs reported back to Ofgem 

in October 2014, 38% of these sites had been cleared either through data cleansing or 

supplier registration and work is still on-going. 

In order to reduce the number of newly created shipperless/unregistered sites several 

measures have been implemented by GDNs and industry including Uniform Network Code 

and MAMCoP modifications, amended industry processes and enhanced customer 

communications. All of these measures combined should greatly reduce the likelihood of new 

sites taking gas without a supply contract.” 
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3.7 Interference damage 

This is the final element of the SLM estimate. The amount estimated is small, under 0.5% of all 

leakage. It is based on  

1. the recording of large release incidents of over 500kg, and the amount is calculated as 

follows: 

 Actual release value where recorded/estimated 
 Else, number of incidents x 500kg (i.e each incident is assumed to leak 500kg) 

 
2. Plus the number of other recorded incidents,  which are estimated to be: 

a. Split by LP/MP (95/5) 
b. Split by Puncture/Fracture (50/50) 

And with assumed leakage rates and response/fix times which are fixed within the model as 
follows: 

 Severed Services 
o Number of Service Incidents/2 x Rate (17m3/hr) x Response/fix time (2hr) 

 Punctured Services 
o Number of Service Incidents/2 x Rate (5.66m3/hr) x Response/fix time (2hr) 

 Service leakage rates determined for by an experimental rig operating at 25mbarg 
 Low Pressure Incidents 

o Number of Mains Incidents x 95% x Rate (42.45m3/hr) x response/fix time (235 
minutes) 

 Medium Pressure Incidents 
o Number of Mains Incidents x 5% x Rate (283m3/hr) x response/fix time (235 

minutes) 
 Where the mains leakage rates calculated for a 1” hole at 25mbarg operating pressure for LP 

and 2barg for MP 
  

The one element to query in this model is why 500kg is used as the assumed release when the 

release is not recorded. 
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3.8 Imbalance caused by Calorific Value (CV) dependence on actual temperature and 

pressure 

The amount of gas which enters the GDN is usually characterised by Calorific Value (CV). 

The CV refers to the amount of energy released when a known volume of gas is completely 

combusted under specified conditions. The CV of gas, which is dry, gross and measured at standard 

conditions of temperature (15oC) and pressure (1013.25 millibars), is usually quoted in Megajoules 

per cubic metre (MJ/m3). Gas passing through the National Grid pipeline system has a CV of 37.5 

MJ/m3 to 43.0 MJ/m3xxxiii. The same convention is used for conversion from the volumetric to CV of 

gas shrinkage. A daily CV average for each charging area is provided by National Grid to the gas 

shippers and suppliers. Assumptions of the standard conditions can gives rise to an imbalance 

caused by the discrepancy between standard and actual P,T at the leakage point. In particular, 

during colder periods of higher consumption, it might be expected that total leakage will be higher. 

Furthermore, the gas is likely to be at temperature conditions below the standard conditions. As 

noted above, the leakage rates are computed on a volumetric basis (m3 per unit time). When the 

amount of leakage is converted to a total calorific value of leakage, if the leak temperature is lower 

than standard temperature, the number of moles of gas leaked will be higher than the amount 

predicted by the standard CV. This means that there is an effective “CV shrinkage” at the leak point. 

This is quantified below. 

 

Physical model. Assumed temperature and pressure  

 

The standard conditions assume a constant gas temperature of 15oC and a gas pressure of 

1013.25 millibars at Mains and Services. However gas temperature and pressure at Mains and 

Services varies with time. This effect on the actual gas shrinkage volume and CV can be understood 

via the equation for an ideal gas. Further we will use the following notations:  

 

rP      – the assumed pressure: rP  = 1013.25 mbar 

rT       – the assumed temperature: rT  = 288.15 K (15 C) 

rV      – the resulted volume of gas at rP  and rT  

( )aP t  – the actual pressure at Mains or Services 

( )aT t  – the actual temperature at Mains or Services  

aV      – the actual volume of gas at at Mains or Services ( )aP t
 
and ( )aT t

 
 

 

From the equation for an ideal gas 

a ar r

r a

PVPV

T T
       (1) 
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we find that 

a r
r a

a r

PT
V V

T P
       (2) 

Then the imbalance between the assumed and actual gas volume is equal to 

(1 )  .a r
a r a

a r

PT
V V V

T P
   The relative (normalized by aV ) imbalance is given by (3):  

( ( ), ( )) (1 )a r a r

a a r

V V PT
I T t P t

V T P


    

  

(3)

 

This imbalance can be quite significant. F.e., in winter time assuming ( )aT t = 0 C (273.15 K), 

( ( ), ( ))I T t P t = - 5.5% (further we assume that rP  is close to ( )aP t ). Generally,  

1) in winter when ( )aT t  < rT  the relative imbalance is negative. It means that the reported CV 

shrinkage of gas (if the volumetric shrinkage of gas would have been known precisely) is 

larger than the actual shrinkage due to the assumptions of the standard conditions.  

2) in summer when ( )aT t  > rT  the relative  imbalance is positive. It means that the reported 

CV shrinkage of gas (if the volumetric shrinkage of gas would have been known precisely) is 

smaller than actual shrinkage due to the assumptions of the standard conditions.  

The actual temperature and pressure of the gas at Mains or Services are strongly affected by the 

length of pipeline below the ground, pipeline diameter, material of pipeline, type of soil, location, 

the gas flowrate, and local temperature and pressure. While the local temperature and pressure can 

be provided by weather stations at each LDZ, the values of other parameters may not be known 

precisely.  

To estimate the averaged annual relative imbalance, a daily imbalance must be weighted by 

gas consumption. Obviously, in winter when the largest shares of gas are consumed these weights 

will be larger than in summer. It will result in a negative overall averaged annual relative imbalance. 

However, accurate simulation knowing all above mentioned data is needed to predict the actual 

value of averaged annual relative imbalance.  
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3.9 Key findings on leakage model 

The sections above have identified a number of important findings which are summarised here: 

1. The shrinkage and leakage model is based on a combination of experimental data from a leakage 

study over 12 years ago and assumptions around other model elements.  

2. Because of its empirical nature, the leakage element has some features which are not supported 

by theory (e.g. diameter independent leakage rates, high figures for steel than iron). 

3. The leakage rate for LP mains (60% of shrinkage) is significantly lower than that used in other 

countries and by the UN. It is also lower than our central permeation estimate [63 versus 109] 

which does not include leaks from holes/joints/seals. 

4. PE services are assumed to have a leakage rate of zero which is unlikely in practice. Our estimate 

and US one. 

5. The network composition data requires a number of assumptions to evaluate the distribution of 

material types; the data that underpins this is hard to find. 

6. AGIs do not use an age adjustment factor for leakage; there are some ongoing studies on 

venting which may improve model accuracy. 

7. Preheating is not metered and subject to significant uncertainty; again the use of gas will depend 

on the age of the facility. An innovation trial should be monitored. The possibility of metering 

could also be explored 

8. The shrinkage estimate may be influenced by a few percent through CV shrinkage, due to the 

lower temperatures prevailing at times of high gas consumption.   

9. If orifice plates are used to meter LDZ entry, they may under-report under low flow conditions. 

10. The most significant elements in the model will relate to: 

10.1. LP mains leakage rates 

10.2. Network composition 

10.3. Assumptions on service leakage rates 

Overall, it is our view that a new study utilising the latest detection and measurement technologies 

would be worth performing. Although the cost might be of the order of £10m, when compared to 

the uncertainty of the shrinkage measures the figure is not large. For example, it could easily be 

argued that the shrinkage estimate error is at least 20% which is of the order of £15m p.a. (based on 

an approximate total shrinkage value of £75m), hence the uncertainty resolution cost is very low 

compared to the level of uncertainty. We expect that emerging technologies (non-invasive or 

minimally invasive) for leak detection and magnitude estimation could reduce this cost significantly. 

Furthermore, this is important for the National Emissions Inventory which must be reported by 

DEFRA every year. It will not be made redundant by smart meters, since these may be able to 

evaluate shrinkage more accurately but not apportion it and hence not lead to actionable data. The 

new study would therefore be future proof. 
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4 Other evidence in the international literature: leakage estimates, 

measurements and policies 
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4.1 Leakage estimation methodologies 

Most countries follow an estimation method similar to that of the UK whereby there are three key 

elements: 

- Description of activity level 

- Description of infrastructure type 

- Emission (“leakage” factors) 

In addition their usefulness in commercial reconciliation and regulation, they have needed to be 

developed for GHG emissions reporting as part of national inventories, given that methane is a 

potent GHG. Normally the latter are reconciled with the commercial GDN operators’ estimates, as in 

the UK national emissions inventory.  

An example of the emissions factors are those from the US; the latest figures are below: 

Figure 21. Emissions assumptions used by US EPAxxxiv 
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Note that the leakage rates for plastic infrastructure are non-zero; the model even includes leakage 

rates for plastic services. The figure for plastic mains (averaged across all pressures and diameters) is 

equivalent to 175 m3/km-year 

 These data are used to make comparisons with the UK GDN SLM assumptions: 

 LP PE mains leakage rate: 175 m3/year (USA) versus 65.31 (UK) 

 5m3/annum/service for protected steel (USA)/ 48.1 for unprotected versus 10.6 (UK)0.28 m3 

per PE service (USA) versus 0 in the UK 

The US also has a different set of factors, the so-called GHGRP Subpart W factors, reproduced below 

fromxxxv. 

Figure 22. GHGRP Subpart W emissions factors 

 

These factors equate to a mains plastic leakage rate of around 173 m3/km-year and 0.25m3/service-

year. 

These can be compared with the system in Spain, which is described by Barroso et al.xxxvi, who state 

that steel MP mains leakage factors went from 5 to 1 Nm3/m and PE MP mains from 1 to 0.46 

Nm3/m following experimental investigations.  They summarised the assumptions of other bodies in 

the table below. They also state that 

 

 “In the European Union about 80% of the methane emitted to the atmosphere is attributed to 

natural gas released from the distribution systems (IGU, 2000). According to (Eurogas-Marcogaz, 

2003), these losses include: fugitive emissions (small and more or less continuous leaks from the 

flanges, valves and other elements of the network), pneumatic emissions in valves and gas vented 

due to maintenance works or incidents. In general, gas losses are not measured directly but are 

estimated according to the various methodologies available. Such estimates are known to involve 

large uncertainties and further work is needed to improve their reliability”. 
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Figure 23. Summary of PE mains emissions factors assumptions used by various bodies 

The UN also requires estimates of leakage (emissions) for its Clean Development Mechanism (CDM) 

which encourages investments which reduce the emissions of GHGs. It has developed such factors 

for iron and PE, the point being to estimate the benefit of switches in mains. These are summarised 

below. 

Iron 

The baseline emissions factor for leaks of natural gas in a low pressure distribution network (less 

than 50 mbar) with cast iron  pipes mains and services (EFOP ) is calculated in this methodology as 

0.00357 * FCH4. A project specific value for the percentage of methane in the gas is applied as this 

percentage would vary in different distribution grids. The factor 0.00357 is calculated from a factor 

of 5 m3/m pipeline/year (at normal conditions) by multiplying with a density factor of 0.000714. The 

factor of 5 Nm3/m pipeline/year is the former official factor for cast iron at low pressure developed 

and utilized until 2005 by Gas Natural SDG to estimate the annual leakage of natural gas from their 

distribution network in Spain (PGM-087-E Rev. 2. Gas Natural SDG)1. This factor was defined using 

the PGM-087-E procedure, which was developed quite some years ago by experts at Gas Natural and 

was used to report to the Spanish government on the emissions from the grid. Gas Natural began to 

use a higher factor as of 2005 to establish its emissions for Spain. To update the emission factors 

used in Spain, Gas Natural contracted the Centro Politécnico Superior of the University of Zaragoza, 

Spain. Based on a study of emissions factors from various sources, they developed a factor of 7.8 

Nm3/m pipeline/year for cast iron pipes at low pressure (Barroso et al. 2005b). To be conservative, it 

was decided to use the lower old Gas Natural emission factor instead of the new emission factor as 

established by the University of Zaragoza. 

 

PE 

The UN base their data on tests in Spain. The emissions factor for leaks of natural gas in a low 

pressure distribution network (less than 50 mbar) with new polyethylene pipes (EFNP ) is calculated 

in this methodology as 0.00021 * FCH4. As for the cast iron pipes, a project specific value for the 

percentage of methane in the gas is applied as this percentage would vary in different distribution 

grids. The factor 0.00021 is calculated from a factor of 0.3 m3/m pipeline/year (at normal conditions) 

by multiplying with a density factor of 0.000714. The emission factor of 0.3 Nm3/m pipeline/year 

was defined in 2005 by the Centro Politécnico Superior of the University of Zaragoza, Spain (Barroso 

et al. 2005a). The EF is based on the results of field tests in Spain that measured the volume of gas 

lost to fugitive emissions in the existing polyethylene distribution network using the Pressure 

Variation Method. 

                                                           

1 Note that this has since been reduced to 1. 
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Where: 

EFOP = Methane emission factor of the old pipeline (t CH4/m*year) 

EFNP = Methane emission factor of the new pipeline (t CH4/m*year) 

FCH4 = Mass fraction of methane in natural gas  

This means that the factor for LP PE pipe is 315 Nm3/km-year; a figure much higher than that 

assumed in the UK leakage model of 65. 

In the Netherlands in 2004, an experimental study similar to that done in the UK in 2002 was 

undertaken. The study did analysed different types of infrastructure and found that a suitable 

emissions factor for PE LP mains was 210 m3/km-year. 

The US AGA has also done some estimation of the split of leakages by cause in the system in the US 

and has come up with this distributionxxxvii: 

 

Figure 24. AGA estimates of shares of causes of leakage 

With estimated leakage rates as follows: 
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The key figure for our study being 0.54%. Of course, these estimates are quite dependent on the 

network structure and materials of construction, so it is more valuable to focus on the individual 

factors in the assumptions as listed above. 

The figures above contrast with the EPA calculations of 1997xxxviii, which give the following data for 

GDN leakages: 

 Distiribution M&PR stations: 773 x 10^6 m3 

 Leaks : 1178 x 10^6 m3 

 Blow and purge 62.3 

 Total 2.18x10^9 m3 (0.35% of gross national production) 

The total is equal to 77 BCF per annum – the difference being estimated improvements in the 

network structure. 

These estimation processes are based on simplistic models and are somewhat contested. Much of 

the contesting comes from researchers that have performed experimental measurements. However, 

Mitchell et al.xxxix, reviewed the UK’s (i.e. British Gas) procedures for estimating leakage and based 

their study on a critique of the methods used. This work was done in 1990, when the distribution 

system had less plastic, so the important findings are the relative differences between their 

estimates and the official ones. They used a more sophisticated analysis than the typical averaging 

based approach and used different scenarios for replacement/repair strategies. Their findings based 

on analysis of the network including all the different types of jointing (including mechanical and 

lead-yarn joints, MEG conditioning and so on) were as followsxxxix: 

“British Gas maintains that the leakage rate is around 1% of supply.This paper estimates a Low, 

Medium and High Case leakage rate of 1.9%, 5.3% and 10.8% respectively. The authors are confident 

that the leakage rate is above 1.9% and consider it more likely that the leakage rate is between the 

Medium and High Case. This investigation has been very cautious in that only leakage from the low 

pressure, medium pressure and service pipelines has been calculated.”  
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These discrepancies are most likely due to  the fact that sample based factors may underestimate 

leakage rates unless sophisticated statistical analyses are used., in particular accounting for skewed 

distributions. 
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4.2 Estimated versus measured emissions 

All of the leakage estimates described above and used to develop national figures are based on 

similar concepts of  

i. Developing emissions factors from experiments and other data 

ii. Making assumptions about network structures and materials of construction 

iii. Applying the factors to obtain system-level values 

There have been a number of studies in the literature which take a different approach to developing 

estimates by measuring actual emissions/methane concentrations either from the air or along 

roads, and then using models and statistical analyses to relate these to leakage rates. These take 

advantage of the particular chemical signatures associated with fossil methane. 

The large majority of these studies (including one in Londonxlii) seem to indicate that the emissions 

(leakages) in city distribution systems are larger than those estimated through the three step 

process described above, and hence higher than the national inventories. 

An overview study in Sciencexl looked at over 200 previous studies associated with experimental 

measurements in the USA strongly indicates that US emissions are considerably higher than official 

estimates, with natural gas infrastructure being an important element. The analysis, which is 

authored by researchers from seven universities, several national laboratories and federal 

government bodies, and other organizations, found these atmospheric studies covering very large 

areas consistently indicate total U.S. methane emissions of about 25 to 75 percent higher than the 

official EPA estimate. This is illustrated in the figure below, where a ratio of greater than 1 indicates 

that the measured emissions are higher than the estimate. 
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Figure 25. Ratios of measured and estimated emissions 

The authors state: 

“Across years, scales, and methods, atmospheric studies systematically find larger CH4 

emissions than predicted by inventories.” 

They have several explanations for the discrepancies: 

Why might emissions inventories be underpredicting what is observed in the atmosphere? 

Current inventory methods rely on key assumptions that are not generally satisfied. First, 

devices sampled are not likely to be representative of current technologies and practices. 

Production techniques are being applied at scale (e.g., hydraulic fracturing and horizontal 

drilling) that were not widely used during sampling in the early 1990s, which underlies EPA 

EFs.  
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Second, measurements for generating EFs are expensive, which limits sample sizes and 

representativeness. Many EPA EFs have wide confidence intervals. And there are reasons to 

suspect sampling bias in EFs, as sampling has occurred at self-selected cooperating facilities.  

Third, if emissions distributions have “heavy tails” (e.g., more high-emissions sources than 

would be expected in a normal distribution), small sample sizes are likely to underrepresent 

high-consequence emissions sources. Studies suggest that emissions are dominated by a 

small fraction of “superemitter” sources at well sites, gas-processing plants, coproduced 

liquids storage tanks, transmission compressor stations, and distribution systems. For 

example, one study measured ~75,000 components and found that 58% of emissions came 

from 0.06% of possible sources.  

Last, activity and device counts used in inventories are contradictory, incomplete, and of 

unknown representativeness. Data should improve with increased reporting requirements 

enacted by EPA. 

 

In the United States, the emission rates of particular gas industry components – from wells to burner 

tips – were established by the EPA in the 1990s.  Since then, many studies have tested gas industry 

components to determine whether the EPA's emission rates are accurate, and a majority of these 

have found the EPA's rates too low. One of the important reasons for this is that average values are 

used; this assumes a broadly symmetric distribution of leaks. In fact, it appears that relatively few 

leaks in the gas system probably account for much of the problem. One earlier study examined 

about 75,000 components at processing plants. It found some 1,600 unintentional leaks, but just 50 

faulty components were behind 60 percent of the leaked gas.  Taking account of this type of 

distribution in practice would require a different leakage estimate model. 

The authors calculate the underestimate of methane emissions in the USA national emission 

inventory as 14 Tg/yr (0.73 trillion cubic feet of methane, with a range of 7–21 Tg/yr). If all of this 

under-estimate is assumed to come from the natural gas system, the under-estimate alone 

represents roughly 2.6% of the volume in the 28 trillion cubic feet of natural gas produced in the 

United States. 

 

A number of specific system studies are summarised below. 

McKain et al.xli considered the natural gas infrastructure of Boston, USA, and found that the 

fractional loss rate in transmission, distribution and end use is 2.7%+/- 0.6%. They combine 

measurements, chemical analysis, modelling and consumption data to generate their findings. They 

note that their figure is much greater than the 0.7% estimate based on system parameters and 

leakage factors used at the national level as part of the national emissions inventory. This could 

indicate that estimation methods based on system characteristics can underestimate emissions. It is 

also higher than the figures used for the State of Massachusetts which has a higher iron based 

infrastructure and has an estimate of 1.1% leakage. McKain et al. also say that similar measurement-

based studies in e.g. California give much higher emissions than estimate-based inventories.  
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McKain et al. also contrasted their figure of about 20 gCH4/m2-yr with that of other studies below. 

Note that this flux of methane relates to both leakage rates and network (population) density. Given 

that most figures are somewhat higher than 20, similar or higher leakage rates can be expected once 

consumption density is accounted for. Given that London has a similar density2 and climate, it would 

be reasonable to assume similar or worse leakage rates. 

Note that the weather in Boston is similar (if somewhat cooler than London), with average highs and 

lows in January of 2 and -6 C compared to 8 and 2C in London. 

 

Figure 26. Measured methane emission rates for different urban areas 

In line with this analysis, O’Shea et al.xlii  (the London study in the table above) use airborne 

measurements and find that the emissions are 3.4 times larger than those associated with the 

national emissions inventory, again indicating that there is a potential for actual leakages to be 

higher than estimates, although this study did not distinguish between sources of CH4 (and the 

factor of 3.4 is against the total methane emissions from all sources in the inventory). This again 

provides strong evidence of actual leakage rates being higher than estimated ones. The fluxes were 

similar to those from studies in Indianapolis and Florence, while studies in Krakow give fluxes a 

factor of 2 larger in one case and in the case of only night-time observations, a factor of 4 smaller. 

This highlights the importance of averaging observations over time, which most studies perform. It is 

not clear over which time period the 2002 UK study data was averaged. 

A different type of observation study was a road-based mapping of methane emissionsxliii which 

mapped 785 miles in Boston in Aug-Oct 2011 and found 3356 leaks – an average of about 4.3 leaks 

                                                           

2 Boston’s population density is around 5000/km2 and London’s around 5500/km2. 



GRG shrinkage study: Final Report     59 

59 
 

per mile. They found that the leak density correlated well with the proportion of cast iron in the 

local network: 

 

Figure 27. Leak prevalence versus cast iron proportion 

A similar study for Washington DCxliv undertaken in Jan/Feb 2013 found 5893 pipeline leaks across 

1500 road miles of the city; an average of around 3.93 leaks per mile. The researchers were also able 

to analyse four particular leaks in more detail.  The estimated emission rates from the four leaks 

were 9200, 15 000, 30 200, and 38 200 l CH4 per day. 

 

Using an average of 20,000 l/day and 4 leaks per mile (=2.5 leaks per km) would give a leakage figure 

of around 18.25 Nm3/m-yr; much larger than the figures of 0.5-5 in Figure 23 and related iron 

figures. Although it might be argued that these leaks are unusually large, this would point out the 

risk of using average figures drawn from a very skewed distribution where relatively few leaks might 

account for a large amount of leakage, and noting that the prevalence of such large leaks in the UK 

2002 leakage study would be affected by the small sample size. 

 

The same researchers also performed an analysis of “lost and unaccounted” (LAU) gas reported by 

commercial operators. The Pipeline and Hazardous Materials Safety Administration (PHMSA), 

monitors natural gas that is lost or unaccounted for during distribution. Lost and unaccounted (LAU) 

gas is defined as the difference between the amount of gas purchased (e.g., what enters the LDN) 

and the amount of gas sold (e.g., what is metered to consumers). Pipeline leaks and errors in 

metering both contribute to estimates of LAU gas. 174 companies with LDNs of at least 1000 

pipeline miles were analysed. Across those companies, the average LAU gas term reported by each 

company in 2011 was 1.6%. The distribution across the companies is illustrated below. 
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Figure 28. Distribution of % unaccounted gas across 174 operators 

Fairley et al undertook a similar study over time for San Francisco. The resulting top-down (i.e. 

measurement based) estimates of CH4 emissions are found to decrease slightly from 1990 to 2012, 

with a mean value of 240 ± 60 GgCH4.yr1 (at 95% confidence) in the most recent (2009-2012) period, 

and are  1.5-2.0 (at 95% confidence) times larger than the official Bay Area Air Quality Management 

District (BAAQMD) estimate of  125 Gg of methane in 2011. As the authors state: 

 

“Currently, regional, state, and federal agencies, including the BAAQMD, estimate GHG 

emissions using bottom-up inventory methods that rely on a combination of activity data, 

emission factors, biogeochemical models and other information. Recent emission evaluations 

based on ambient measurements show that methane emissions for the US as a whole (e.g., 

Miller et al., 2013) and in California (e.g., Wennberg et al. 2012, Hsu et al. 2010; Singh et al. 

2010; Jeong et al. 2013; Peischl et al. 2013) are underestimated by ~50% or more depending 

upon the area….  

…Relevant to urban areas, the US-EPA recently released a report identifying uncertainty in 

methane emissions from the natural gas distribution system as an area in need of further 

research (US-EPA, 2014).” 

 

This approach to leak monitoring has been scaled up by the Environmental Defense Fund and 

Googlexlv; who demonstrate a new approach. They have chosen a large number of cities where they 

conduct drive-by leak surveys using vehicle-mounted devices, adding sophisticated mapping 

technologies. Examples of “methane maps” are shown below, where each circle indicates a leak and 

the darkness of the colour the extent of the leak. They found that the incidence of leaks varies 

between cities. 
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Figure 29. Comparison of gas leaks between Boston (old infrastructure) and Indianapolis (new 
infrastructure) 

 

Barroso et al.xxxvi undertook  comprehensive experimental programme to support the upgrading of 

the estimate factors in Spain for medium pressure (MP) polyethylene (PE) mains. They used 51 

Spanish and 13 Mexican sites  for the analysis and used the pressure variation method. They report: 

“The results obtained confirm that the average emission factor for polyethylene gas 

distribution networks working at medium pressure is 0.46 +/- 0.15 Nm3 year-1 m-1…. the 

experimental data reported here are thought to be representative of polyethylene medium 

pressure distribution lines in other countries, and might be useful to check existing leak 

calculation methods.” 

 

They also note that in the EU, about 80% of the methane emitted to the atmosphere is attributed to 

natural gas released from the distribution systems and that these losses include: fugitive emissions 

(small and more or less continuous leaks from the flanges, valves and other elements of the  

network), pneumatic emissions in valves and gas vented due to maintenance works or incidents. In 

general, gas losses are not measured directly but are estimated according to the various 

methodologies available. Such estimates are known to involve large uncertainties and further work 

is needed to improve their reliability. 

https://energyathaas.files.wordpress.com/2015/03/methane-cities.jpg
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Their experimental results are described below. 

Figure 30. Emission (leak) factors from Spanish gas networks (experimental results) 

They note that the largest contribution to the global uncertainty comes from the extrapolation of 

results from the sample sites to the whole network, while the errors in the estimation of local 

emission factors display a lower influence. 

As a result of their analyses,  a new procedure for estimation of gas leakage was proposed to and 

approved by the  Environment Ministry, changing the emission factors from 1 to 0.46 Nm3/year/m 

for MPB polyethylene and from 5 to 1 Nm3/year/m for APA steel. This shows the potential value of 

an experimental programme. 

Taking the lower pressure mains of the Spanish experiments and extrapolating to 30 mbarg using the 

slope in the last column above, we obtain the following results: 

 

Which is around 18% higher than the UK value, but more importantly, the table indicates the wide 

ranges that arise from such studies; the range is between 11 and 180 Nm3/km-year (compared to 

63.51 for the UK); this demonstrates the variance between experiments and the risks around sample 

size, and we are extrapolating from medium to low pressures. 

town pressure emissions E spain U slope (E/bar) UK pressure E spain @ 0.03 bar

Villatuerta 0.1 0.04 0.07 0.414 0.03 0.01102

Turis 0.14 0.04 0.02 0.317 0.03 0.00513

Mora 0.15 0.93 0.09 6.185 0.03 0.1878

San 0.15 0.65 0.31 4.31 0.03 0.1328

Olias 0.15 0.6 0.44 3.994 0.03 0.12072

Chincho´n 0.15 0.48 0.12 3.216 0.03 0.09408

Mediana 0.15 0.41 0.08 2.706 0.03 0.08528

Valdeolmos 0.15 0.39 0.11 2.604 0.03 0.07752

Valdeolmos 0.15 0.14 0.06 0.932 0.03 0.02816

Colmenar 0.15 0.13 0.01 0.856 0.03 0.02728

AVERAGE 0.076979 Nm3/m-yr
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Netherlands studyxlvi 

In 2004-5, a number of experimental measurements (similar to the UK 2002 study) were undertaken 

in the Netherlands gas distribution sytem with a view to updating leakage model factors, combining 

leak frequence data with typical leakage rates for differnet pressure ranges and materials. A limited 

number (25) of locations were used for estimating individual leakage rates.  . Taken together, these 

are used to generate leakage rate estimates for the Dutch GDNs. 

The materials and pressures studied were: 

 low pressure (30 – 100 mbar) 

 medium pressure (1 - 4 bar)  

 high pressure (8 bar) gas distribution grids: 

 polyethylene (PE) 

 polyvinylchloride (PVC) (unmodified and high impact) 

 steel, grey cast iron 

 ductile cast iron  

 asbestos cement. 

 

 The lengths of the gas distribution network in the Netherlands are given for each material and 

pressure range in 2004 are given below. Note that less than 0.4% of the material is unidentified, 

indicating good quality network composition data. The UK distribution is not published in this way. 
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Figure 31. Composition/length of Netherlands gas distribution network (2004) 

 

The GDNs survey the whole network for leaks every five years, using above ground instruments at 

first and then below ground when leaks are found and repaired. The recording of these leaks gives 

rise to leak frequency statistics by pressure and material, which are again collected, organised and 

analysed (see Figure 32). It is not clear whether an equivalent analysis is undertaken in the UK, but it 

would be recommended since it is part of the standard leak detection and response protocol in the 

Netherlands. 
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Figure 32. Number of leakages per length for GDN mains in the Netherlands (2004) 

 

Together with leakage rate experiments, this gives rise to the overall results for emissions factors: 

 

Figure 33. Emissions factors by material and pressure in the Netherlands GDNs (2004) 

 

These are also aggregated into two distinct emission factors used in the Dutch emissions inventory 

calculations: 

 610 m3 or 437 Gg methane/km per year for grey cast iron 
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 120 m3 or 86 Gg methane/km per year for other materials 

 

It is important to note that the PE estimate is around three times that of the UK and would lead to 

an increase in the UK’s leakage estimate  of 80% if this figure replaced the PE mains LP estimate in 

the UK. 

 

Although a large number of studies, especially those using atmospheric monitoring of methane 

concentrations, indicate that leakages are larger than official estimates, one study which is based on 

sampling of leaks in a set of representative networks in the USAxlvii and extrapolating the leakage 

rates nationwide concludes that national estimates may somewhat overestimate the actual leakage 

rates by around 1.4 to almost 3. However, the authors acknowledge that their estimates may be 

biased by the choice of networks to sample from (only companies that volunteered to take part in 

the study were analysed). 

The distribution of leaks was as below. 

 

Figure 34. Comparison of leak sampling approach and EPA inventory  

In this study, the leakage rates (of order 10 g / min per leak) were comparable to the 20,000 l per 

day reported abovexliv, so it is assumed that the number of leaks per mile were less in the sampled 

case than the whole city cases for the Boston and Washington DC cases.  
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The distribution of causes above can be compared with the estimated distribution from the 

American Gas Association inxlviii  

Figure 35. Percentage of total US methane emissions from underground pipeline leaks by region and 
pipeline type and category. 

 

The sample extrapolation approach resulted in the following distribution across types of 

infrastructure and geographies: 

 

A Russian studyxlix also results in a distribution of amounts and causes of leaks as below; these 

indicate the significance of distribution losses and importance of sealing. 

Figure 36. Leakage amounts from different parts of the Russian natural gas infrastructure 
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Figure 37. Causes of leaks at gas control points (GCP) and cabinet-type gas control points (CCP) in Russia 

 

Figure 38. Causes of leaks in linear sections of gas distribution networks in Russia 

 

An analysis of Titas Gas in Bangladeshl found leakage rates of around 2.1% in above ground 

installations (AGIs). 

 

A key feature of leakage estimates is the large amount of uncertainty involved. Allenli (2014) 

undertook a review of estimate methodologies and concluded: 

 “Estimates (of leaks) that have appeared in the scientific literature in the past several years 

have ranged from slightly over 1% (volume of methane emitted as a percentage of the 

volume of natural gas produced) to more than 10%”. 

The reasons for the uncertainty are firstly, the large population of sources; secondly, the difference 

between approaches based on ambient methane concentration measurements (top-down methods) 

and approaches based on direct measurement of emissions from individual sources (bottom-up 

methods) and finally, the difference in the extreme values of emission rates, compared to mean 

emission rates from many of the emission sources in the natural gas supply chain (a ‘fat-tail’ 

distribution, where relatively few sources are responsible for a large share of leaks and which may 

not potentially show up in a small sample of the network). 
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Allen states that the difficulty with ‘bottom- up’ approaches where parts of the infrastructure are 

sampled (the current approach in the UK) is obtaining a truly representative sample from a large, 

diverse population. If emissions were normally distributed about a mean value, obtaining a 

representative sample would be reasonably straight forward. For many types of emission sources in 

the natural gas supply chain, however, extreme values can strongly influence average emissions. 

Miller et al.lii, and Brandt et al.xl also summarised recent estimates and both conclude that ambient 

measurements suggest understimates of methane emissions in bottom-up inventories.   
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4.3 Regulation and policy 

There are a number of studies which review current policy regarding leakage and in some cases 

make recommendations for improvements. 

The WRIliii reviewed the situation in the US. The current situation is as follows: 

 Most states require the classification of distribution leaks into one of three tiers: those that 

pose an imminent danger and require immediate attention (Tier 1), those that pose some 

risk and should be fixed within a reasonable amount of time (Tier 2), and those that do not 

pose much risk but should be monitored on a regular basis (Tier 3). 

 Note that under this system, large leaks that do not pose a risk to people or property do not 

require immediate attention, even though they may be emitting significant quantities of 

methane. 

 Some regulators (e.g. in California) have created a fourth tier (in between Tier 1 and Tier 2) 

which requires that these types of leaks should be fixed “as soon as is practicable”. In 

California, the state’s Public Utilities Commission (the key regulator, similar to OFGEM) is 

charged with finding ways to require natural gas distribution utilities to locate and repair 

leaks, in particular to target large leaks that do not necessarily pose a health or safety risk, 

but would require “the maximum technologically feasible and cost-effective avoidance, 

reduction, and repair of leaks and leaking components…within a reasonable time after 

discovery.” 

 Similarly, Connecticut, New York, and Pennsylvania—three of the states with the most miles 

of cast iron pipelines—have set goals for complete replacement with plastic or coated steel 

by 2080, 2090, and 2111, respectivelyliv.  

Jackson et al.xliv, who undertook the leak measurement study in Washington DC, also made some 

policy recommendations. They suggest that there is a need for financial incentives to fix leaks which 

in turn will save money, particularly incentives to replace cast-iron, bare steel, and other older, 

unprotected mains. Recently, the U.S. Energy Information Administration determined that $3.1B 

worth of natural gas was lost and unaccounted for annually in the United States between 2005 and 

2010. A more recent report estimated that U.S. consumers paid more than $20 billion between 2000 

and 2011 for lost and unaccounted for natural gas.  

They identified several barriers to pipeline repair and replacement, as cost recovery for pipeline 

repairs by distribution companies is often capped by Public Utility Commissions (PUCs). 

Furthermore, consumers often pay for all or most of the lost-and unaccounted- for gas through user 

fees, meaning that the local distribution company has less financial incentive to fix leaks than might 

be predicted from the value of lost gas alone. 

To overcome the barriers to fixing pipeline leaks, PUCs could allow distribution companies to recover 

funds to accelerate pipeline replacement faster than a typical 40-year replacement cycle. For 

instance, New Hampshire implemented a Cast Iron/Bare Steel (CIBS) replacement program that 

allows the distribution companies to recover repair costs. 
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Other mechanisms that have been suggested include the application of carbon−offset programs and 

placing a price on carbon emissions (e.g., a carbon fee or a cap-and-trade system) – similar to the 

Environmental Emissions Incentive in the UK. 

The Environmental Change Institute, in its Methane UK reportlv state that mitigation of methane 

emissions from the pipeline network can be achieved simply by replacing old cast iron pipes with 

modern plastic piping but note that this is a laborious and costly process, involving labour-intensive 

construction work and that although there are some in improvements in operating efficiency to be 

made by minimising leaks, the relatively low cost of gas, especially compared to the cost of 

upgrades, means there is little economic incentive to do so. 

ECI go on to state that the industry would benefit from a focus on cost effective technologies and 

practices that improve operational efficiency and reduce emissions of methane. For example, the 

USA’s Natural Gas STAR Programmelvi encourages the natural gas industry to reduce emissions 

through market based activities that are both profitable for industry partners and beneficial to the 

environment. 

The implementation  of the programme has resulted in some  best management practices to achieve 

emissions reductions at all stages of the gas system. It worked as follows: opportunities and options 

to reduce leaks and venting from the largest sources were jointly identified by EPA and gas industry 

representatives and it is intended to reproduce these solutions across all sectors. 

ECI note that carbon trading (and therefore other credit based systems) could support emissions 

reductions but that (in the UK): 

“the lack of reliable data means there is a risk of introducing ‘hot air’ into the trading scheme 

where the gas industry could be rewarded for apparent reductions due to statistical error rather 

than ‘real’ savings.” 

ECI also state: 

“However, it is debatable as to whether the industry should be rewarded for carrying out repairs 

that should be done as a matter of course. It is Ofgem’s responsibility to ensure the necessary 

investment in pipeline infrastructure is made and maintained in the long term. Direct legislation 

through, for example, mandatory standards for leakage, is required to secure further emissions 

reductions. Improved data would also help in monitoring and enforcing such targets.” 

The US EPA also comments in detail on the alignment of incentiveslvii. They have not directly issued 

regulations to control methane emissions from distribution pipelines, partnered with PHMSA to 

control such leaks, nor developed a strategy to address barriers that inhibit the mitigation of 

methane leaks in the natural gas distribution sector.  

The EPA note that while the Natural Gas STAR program has been successful in reducing methane 

from other segments of the industry, this voluntary program has achieved limited reductions from 

leaking distribution pipelines, due largely to financial and policy barriers. An example of the latter is 

the need for GDNs to bear the upfront capital costs for repairs, while benefits accrue to the 

consumer, creating a disincentive to repair non-hazardous leaks. They note that in addition to the 

GHG issue, the methane leaks from distribution pipelines in the US represented losses of $192m p.a. 

In 2012, the Natural Gas STAR program achieved a total of 66 billion cubic feet in methane emissions 

reductions from the natural gas industry. Reductions from the distribution sector accounted for only 
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1 percent of this. In comparison, reductions from the production sector accounted for 82 percent, 

and reductions from the transmission sector accounted for 15 percent. 

The limited emission reductions achieved by the distribution sector are due in large part to the fact 

that GDNs have little financial incentive to reduce methane emissions from leaking pipelines that do 

not pose a potential safety hazard. GDNs typically do not own the gas that flows through their 

pipeline networks. In the US, GDNs are generally allowed to pass on to their customers the costs of 

gas that is “lost and unaccounted for” from the pipeline system, including gas lost to leaks. The 

benefits of repairing leaks (i.e., gas savings) are passed on to the consumer. Thus, in the US system 

there is a financial disincentive for GDNs to proactively locate and repair leaks. The cost of the 

product lost (i.e., natural gas) is easy for GDNs to recover while the costs to repair, replace or retrofit 

pipelines poses more of a cost recovery challenge. 

State public utility commissions (PUCs) regulate the rates and services of GDNs. These are similar to 

OFGEM in terms of their operation. Their policies can create barriers to reducing methane emissions 

from leaking pipelines. Repairing or replacing pipeline involves significant capital investments, and 

the GDN generally has to carry these costs until they can be recovered. In the US, cost recovery is 

usually not permissible until after the filing of a rate case, a proceeding through which a GDN applies 

to the PUC for a rate increase. A rate case can create a “regulatory lag” in that the GDN is 

responsible for bearing the costs of pipeline replacement and repair until the rate increase takes 

effect and the GDN begins to recover its costs. This is not the case in the UK. 

 

Another barrier to replacing and repairing pipelines in the US involves the traditional practice of 

charging customers for the amount of gas used based on a per-unit price. This practice promotes 

pipeline expansion rather than repair and replacement because expansion will increase the GDNs 

customer base, resulting in more gas sold and revenue earned. Conversely, investing in 

improvements to existing infrastructure will lead to increased gas rates, which will deter 

consumption and potentially result in lost revenue for the GDN.  Elements of this situation can be 

argued to exist in the UK. 

 

In recognition of these financial and policy barriers, some PUCs have taken steps to improve cost 

recovery mechanisms for their GDNs.  

PUCs have to balance goals— such as ensuring consumers receive safe and reliable service at 

reasonable rates— while allowing GDNs an opportunity to earn a fair rate of return. There are a 

number of financing mechanisms that allow GDNs to recover capital expenditures for fixing leak-

prone pipelines on an annual basis. These mechanisms can decrease GDNs’ capital recovery times 

and diminish the disincentives to repair and replace leaking pipelines. 

Natural Gas STAR representatives told the EPA PUCs could play a key role in reducing methane 

emissions from the distribution sector. They said the Natural Gas STAR program could work with 

PUCs in developing a new financial model, which alters the current incentive structure of GDNs to 

proactively repair more leaks should help the EPA’s voluntary programs achieve results. 

The Federal Energy Regulatory Commission (FERC), which sets rates for the country’s interstate 

natural gas pipelines, launched a new docket recently. FERC proposes to allow pipelines to recover 

capital expenditures made to enhance reliability, improve safety and meet environmental 
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objectives. This would be allowed outside of the normal rate-setting process. The proposal is 

reproduced below. 

FERC Proposes Policy on Cost Recovery for Natural Gas Facilities Modernization  

The Federal Energy Regulatory Commission is seeking public comment on a proposed policy 
statement that would allow interstate natural gas pipelines to recover, through surcharge or tracker 
mechanisms, certain capital expenditures made to modernize pipeline system infrastructure to 
enhance reliability, safety and regulatory compliance. 

 
 
As a result of regulatory reforms by the Pipeline and Hazardous Materials Safety Administration, 
interstate pipelines likely will face new standards requiring significant capital cost expenditures to 
enhance the safety and reliability of their systems. Under recent Environmental Protection Agency 
initiatives, they also may face increased environmental monitoring and compliance costs, as well as a 
need to replace or repair existing compressors and other facilities.  

 
 
The proposed policy statement is meant to ensure that existing Commission ratemaking policies do 
not create barriers to the ability of pipelines to expedite needed or required upgrades and 
improvements. In addition to allowing recovery of modernization costs, FERC may consider capital 
costs to replace compressor facilities or make other improvements in response to increased federal or 
state environmental regulations as eligible for inclusion in the surcharge.  

 
 
Under the proposed policy statement, which is based on principles in a January 2013 FERC order that 
allowed Columbia Gas Transmission LLC to implement such a tracker, a pipeline seeking a cost-
recovery surcharge would have to meet five standards: 

 The pipeline’s base rates must have been recently reviewed through a Natural Gas Act 
general section 4 rate proceeding or through a collaborative effort between the pipeline and 
its customers. 

 Eligible costs must be limited to one-time capital costs incurred to meet safety or 
environmental regulations, and the pipeline must specifically identify each capital investment 
to be recovered by the surcharge. 

 Captive customers must be protected from cost shifts if the pipeline loses shippers or 
increases discounts to retain business. 

 There must be a periodic review to ensure rates remain just and reasonable. 

 The pipeline must work collaboratively with shippers to seek their support for any surcharge 
proposal.  

Comments on the proposed policy statement are due 30 days from the date of publication in the 
Federal Register, with reply comments due 20 days later.  
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The Bipartisan Policy Center’s report also makes some policy recommendations for pipeline 

replacement: 

 

Policy Mechanisms for Pipeline Replacement 
A robust natural gas pipeline system is important for a variety of safety, reliability, and 
environmental reasons. As discussed above, one of the greatest environmental motivators is the 
drive to capture the full climate benefits of increased natural gas production and use, which is served 
in part by reducing methane emissions from natural gas transportation infrastructure. Although 
pipeline replacement may not be economically justified for emissions reductions alone—at least at 
the current time—these reductions are surely a cobenefit of replacements conducted due to safety 
and reliability concerns. 
 
There are several approaches to incentivizing the replacement of critical, at-risk natural gas pipelines 
for the achievement of these goals. These include cost recovery through rate cases, as well as 
alternative approaches, such as infrastructure cost trackers and base rate surcharges.  In general, 
solutions to replacement challenges will vary based on the individual operators, systems, and utility 
commissions involved. 
 
Governmental and other organizations have reiterated the need for pipeline investment. In 2011, the 
U.S. Department of Transportation and PHMSA developed a Pipeline Safety Action Plan to 
“accelerate rehabilitation, repair, and replacement programs for high-risk pipeline infrastructure.” 
Similarly, NARUC issued a resolution on July 24, 2013, that: 

 Calls on regulators and industry to consider programs to quickly replace the most 
 vulnerable pipelines while adopting rate recovery mechanisms to address utilities’ 
 financial realities; 
 Directs state commissions to explore alternative rate recovery mechanisms for 
 pipeline modernization, replacement, and expansion; and 
 Encourages members’ dialogue with all relevant stakeholders, including the public. 

Natural gas operators may also be able to pursue GHG emissions reduction strategies other than 
pipeline replacement, such as the cost-effective technologies and practices recommended by EPA’s 
Natural Gas Star Program. These cover a broad spectrum, including technologies related to 
compressors/engines, dehydrators, pneumatics/controls, tanks, and valves, as well as suggested 
practices for inspection, testing, maintenance, and repair. The capital costs for these projects range 
widely (up to $50,000 or more), though many are described as requiring $1,000 to $10,000 or less. 
 
A report authored by EPA’s inspector general points out that although the program has been 
successful in reducing methane emissions from some parts of the industry, it has had limited success 
in the distribution sector due primarily to financial and policy barriers. 
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4.4 Summary of Key Findings 

This section of the report has focussed on data from other countries, data from empirical studies 

(i.e. measured data) and policy recommendations made elsewhere. 

The key findings are: 

1. Other countries use a similar approach to the UK in that a combination of activities (e.g. network 

structure) and emissions/leakage rates are used to estimate leakage. 

2. These countries also acknowledge the significant uncertainties associated with this approach, 

which is based on small sample sizes of particular networks. 

3. Two key assumed figures - PE service leakage rates and PE mains leakage rates – are higher in 

other countries than in the UK. 

4. There is increasing focus on these emissions/leakage rates as countries become more concerned 

about accurate reporting of greenhouse gas (GHG) emissions, noting that methane emissions 

constitute a significant of national inventories. 

5. Empirical studies based on measured emissions tend to indicate that the actual emissions are 

larger than the estimated ones; the overall review in Sciencexl indicates a factor of 25-75% for 

the USA. A study for Londonxlii indicated a factor of over three times (accounting for all emissions 

sources). 

6. New, non-invasive technology is making the mapping and estimating of leakage much cheaper 

and more straightforward, e.g. the Environmental Defense/Google Studyxlv. This could be an 

activity which is complementary to a new experimental leakage study. 

7. The US regulators express concern that the current policy measures are not driving innovation or 

reduction in leakage rates as expected. 
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5 Leakage in other industries 
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5.1 UK Water Industry  

5.1.1 Overview 

Leakages in the water network have a number of causeslviii.  

Although the industry is transitioning towards plastic pipes, large proportion of the UK’s water mains 

are made or iron or lead, including Victorian era infrastructure. There are also a high number of 

joints, fittings, interconnections and relatively short pipe which provide multiple opportunities for 

leaks to occur. Combined with higher supply pressures than originally envisaged, leakage is 

inevitable. In more detail, leakage arises from four main causes: 

 Higher supply pressures which exceed the original parameters of installed pipework 

(particularly older pipework) and can cause pipes and/or joints to rupture or burst 

 Corrosion of metallic infrastructure: rusting of pipes, fittings and joints steadily reduces their 

integrity, eventually resulting in failure. Corrosion can arise from both within the pipe, such 

as acidic waters from upland areas, and outside of the pipe where the external pipe wall is 

attacked by elements in the soil. In both cases, the resulting corrosion can weaken the pipe 

wall, reducing its ability to withstand the current supply pressure. 

 Erosion, which usually occurs where a leak has already formed as jets of water from the leak 

collect sand or stones from the environment which then hit the pipe, gradually weakening it 

and increasing the likelihood of a secondary leak 

 Soil characteristics, where changes at the point of installation can have a material impact on 

the pipeline. Changes in temperature and moisture can cause the soil to expand and 

contract, potentially causing the pipeline to bend. Movements in the soil can also cause 

movement of the pipeline and its associated fittings, increasing the risk of damage and 

failure. 

Overall, the rate of leakage is of the order of 20% in England and Wales and somewhat higher in 

Scotland. 

OFWAT is the key regulator in the water industry for England and Wales and sets the overall strategy 

and policy around leakage. A good summary of leakage is in the National Audit Office document 

“Leakage and Water Efficiency”lix.  

The regulator has two main functions in relation to leakage which are: 

 To set targets for leakage reduction, through a mix of mandatory targets for some 

companies and close monitoring for others.  

 To establish a framework for the “economic level of leakage” i.e. that level of leakage at 

which further investment would not be warranted from a cost-benefit analysis and would 

lead to a rise in the price of water for consumers. This is based on comparing the long run 

marginal cost (LRMC) of supplying 1m3 of water versus the cost of avoided leakage of the 

same quantity. 

OFWAT are supported by the Environment Agency in these analyses. 

In England and Wales, the overall water system is different from gas since it is the same commercial 

entity that operates the infrastructure system and acts as the supplier to the end-user (see Figure 
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39), so there are (in principle) incentives in place to reduce losses. This is because the system 

operator’s costs reflect the amount of water treated and supplied into the network, and the 

revenues reflect consumption (metered and estimated). 

In the late 1990s the regulator recognised that these nevertheless were not strong enough to drive 

behaviour hence the introduction of mandatory leakage reduction targets. These were then 

estimated to have resulted in system benefits of £13-39 million per year in operating costs across all 

companies. This is because leakage levels had not been reduced to the “economic level of leakage”, 

ELL, as the prevailing incentive to do so was not strong enough.  

The situation is of course difference with gas, where the GDN and end-user suppliers (gas suppliers) 

are different companies, and hence although there may well be an economic benefit overall to 

reducing leakage, it is not as easy to attribute this benefit to a single entity. Note that there is no NTS 

or inter-network linkage for water (although the idea is mooted from time to time). 

Figure 39. England and Wales water companies 
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Ofwat sets each company an annual leakage target. These targets are based on each company’s 

assessment of its ELL challenged by Ofwat and the EA. The industry’s targets for the past 11 

yearsand future five years appear below. 

 

Year 
2004-

05 

2005-

06 
2006-07 

2007-

08 

2008-

09 

2009-

10 

2010-

11 

2011-

12 

2012-

13 

2013-

14 

2014-

115 

Target 

(Ml/d) 
3,598 3,551 3,485 3,410 3,330 3,295 3,294 3,278 3,266 3,250 3,243 

Most companies meet their leakage targets, but Southern missed their target in 2005-06, United 

Utilities in both 2004-05 and 2005-06 and Severn Trent in both 2005-06 and 2006-07 and Thames for 

the three years to 2005-06. 

Ofwat has powers to fine companies that fail to meet their leakage targets. However, instead of 

exercising these powers, Ofwat has sought legally binding agreements with the companies to spend 

shareholders’ money on additional leakage control activity, rather than this be funded by customers. 

For example, in July 2006, Ofwat announced that Thames had agreed to invest an extra £150m, 

twice as much as the fine the regulator could have imposed, to replace ageing pipes over five years, 

and similarly, in August 2007 Ofwat announced a legal agreement with Severn Trent that binds the 

company to achieving its leakage reduction targets for the next three years. The company has 

underpinned this with a commitment to spend an extra £45 million. 

5.1.2 Leakage estimation 

The key difference between the water industry and the gas industry is that in the water industry the 

leakage rates are estimated based on the water balance, i.e. the difference between consumption 

and supply, rather than using a formula based on network characteristics and assumed leakage rates 

of different elements. 

The actual amount of leakage is not known perfectly and cannot be measured directly across a 

whole network, but rather estimated. The overall approach is to measure the amount of water 

supplied into the distribution system and subtracting the amount used by customers. The challenge 

is that a large number of customers are not metered at all and only subject to estimated demand. 

Hence, although leakage estimates are based on reconciliation of supply and demand data in the 

network, it is subject to consumption estimates. Companies' estimates of unmetered customers' 

consumption vary by up to 31 per cent. OFWAT is encouraging companies to improve the quality of 

estimates of unmetered domestic consumption and to resolve uncertainties in estimates. 

Noting that the “flow balance” is the method for estimating leakage, there are two ways in which 

the flow balance is used: 

5.1.2.1 The total integrated flow method 

In this case, companies measure the amount of water entering distribution systems and the amount 

that has been used by metered customers. The difference between these amounts is the total of  

i. the amount used by unmetered customers, 
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ii. own use (operational) or taken without charge (for example from fire hydrants), 

iii. leakage. 

Subtracting estimates of the first two elements then leaves a remainder, which is taken to be the 

amount lost through leakage. 

 

For example, in 1999-2000 (OFWAT/NAO study): 

 Companies put into supply 15.6 million cubic metres a day 

 Metered customers used 5.3 million cubic metres a day 

 The balance was 10.3 million cubic metres a day 

 Estimated own use or taken without charge was  0.2 million cubic metres a day 

 Estimated use by unmetered customers was 6.8 million cubic metres a day 

 Estimated leakage was therefore 3.3 million cubic metres a day (21.1%) 

This estimation process is hampered by the fact that nearly half of all water consumption is by 

unmetered customers (almost entirely domestic) and the leakage estimate is sensitive to the 

estimated consumption. 

OFWAT can challenge companies to explain their estimates of consumption by unmetered 

customers where they appear to be out of line with those of other companies. The UK Water 

Industry Research organisation provides a best practice framework that companies are directed to 

use. In the gas industry there is a table that sets the initial estimate of usage for new build 

properties.  

 

5.1.2.2 The DMA night flow method 

To combat the issues associated with the integrated flow method and to provide a second estimate, 

the concept of night flow for a smaller area called a District Metered Area (DMA) is also used. 

A “district” is a specific area of the distribution network that can be isolated by boundary valves, 

allowing accurate measurement of water entering and leaving. An issue worth exploring is whether 

there is an equivalent in the gas network context, noting that the Demand Estimation Sub-

Committee carry out monitoring of consumers’ demand. 

This is used in an analysis of water flow and pressure at night (e.g. 3-4 AM) when usage is minimum 

to estimate leakage within the overall district. Leakage teams close boundary valves around the 

DMA and take very accurate readings at these times, which is generally when night flow is at its 

lowest, and the percentage of the flow made up of leaks is therefore at its highest. 

A typical district size is 1000-3000 properties. Essentially, the estimated minimum consumption is 

subtracted from the net inflow and the balance is deemed to be leakage. This does require a degree 

of estimation because it is unlikely for all users in a district to have meters (although there is a very 

strong move in this direction). 
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There are also a number of emerging methods to estimate the minimum household night 

consumption above which any supply can be assumed to be leakage. Best practice guidelines in 

general are as follows:lx 

 Consumption monitoring at street or service connection level is appropriate for night 

consumption analysis, since it is less expensive than monitoring individual households and allows 

for separating water uses from household leakage and for the breaking down of water uses into 

single events 

 Use of combined meters, where the night consumption component is measured mostly by the 

(higher precision) volumetric secondary meter and daily consumption is measured mostly by the 

primary meter. 

 Consumption data must be collected with a high resolution (0.1 l/pulse), using a robust emitter 

(e.g., optical type), and with a short time step (1 minute) for adequately describing night water 

uses – this indicates the level of sophistication that can be brought to bear on the system. 

 The monitoring period should be established taking into account weekly and seasonal scenarios, 

for a correct identification of possible variations in the minimum flow. In study areas without 

significant weekly and seasonal variations, the monitoring period may be in the order of one to 

two months, in areas with larger seasonal variations in consumption, longer monitoring periods 

may be necessary (up to 12 months). 

These give an indication as to the level of care that is possible in establishing the minimum night-

time consumption leading to an accurate leakage estimate. 

The guidelines also state that the night flow leakage estimate should be reconciled against the 

leakage estimate derived from the annual water balance (i.e. the integrated flow method). 

Discrepancies should be distributed across the elements of the system. Current Ofwat guidance is 

that only discrepancies of less that 5% should be distributed across the componentslxi. 

The regulatory regime, which is hands on in terms of targets and expectations, has led to a system 

which is above average in performance for England and Wales when compared with similar 

countries. 

The performance of the E&W companies over time is shown in Figure 40. 
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Figure 40. Total water industry leakage over time (Source: OFWAT - Service and delivery – performance of 
the water companies in England and Wales 2009-10) 

5.1.3 Scottish Water System 

The situation in Scotland is somewhat different. The regulator is the Water Industry Commission for 

Scotland (WICS, http://www.watercommission.co.uk/), and the system is somewhat closer to the 

gas industry. These are the key elements of the system: 

Scottish Water operates Scotland’s publicly owned network of pipes, mains, and treatment works. It 

acts as the wholesaler in the market, selling water and sewerage services to suppliers.  

The Water Services etc (Scotland) Act 2005 established a framework for competition. It required the 

separation of Scottish Water’s wholesale services from its retail function. It also allowed new 

licensed suppliers to compete in a retail market for business customers (domestic customers are 

served by Scottish Water which is still a public utility).  

WICS are responsible for implementing this framework, and are the licensing authority for the 

market including provision of supplier licences. 

There are over 130,000 business customers in Scotland (all customers who are not households) 

eligible to choose their supplier.  Suppliers (licensed providers) are able to compete for the custom 

of all business customers in Scotland. Suppliers buy services at wholesale from Scottish Water.  

The Central Market Agency ensures the market functions in a simple and efficient way. The CMA 

facilitates the transfer of customer information between suppliers. It also calculates the money 

owned by each supplier to Scottish Water for wholesale services. 

The suppliers are only charged for the water used at the consumption point, which is either metered 

or if unmetered is based on a formula which is presumably similar to that they would apply to their 

customers, for example, from the 2014-15 code: 

The assessed volume will be calculated using the following formulae: 

http://www.watercommission.co.uk/
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 Assessed water volume (m3 per year) = ((0.0373 x Rateable Value) – 24) 

 Assessed sewerage volume (m3 per year) = 95% x ((0.0373 x Rateable Value) – 24) 

Hence, the losses in the system are borne by the network operator, Scottish Water in this case. Of 

course the costs are indirectly passed on to all end-users via the (regulated) price. 

WICS regulates the issue of leakage in a fashion similar to OFWAT, stating: 

“Since 2006, we have agreed with Scottish Water pragmatic annual targets to reduce 

leakage continually so that it achieves the point where the cost saving of reducing leakage is 

equal to the economic cost of the water lost. This is known as the economic level of leakage.” 

The regulator recognised in the past that leakage rates in Scotland were much higher than those in 

England and Wales, where water companies made large reductions in the late 1990s. 

In this period the leakage estimates were uncertain and the economic level of leakage not clear. By 

the early 2000s estimates indicated that up to 50% of water was lost through leaks. 

Hence, in the last WICS Strategic Review: 

“Scottish Water was required to make significant progress in estimating the level of leakage 

and understanding the economics of leakage. It was also required to implement a number of 

initiatives to improve its understanding of the amount of water consumed by customers and 

to measure leakage in its distribution system. The Commission asked Scottish Water to 

provide a reliable estimate of its economic level of leakage (ELL) by December 2008.” 

To make this viable in the short term, assuming that the measures would pay in the long term, the 

short term costs were allowed for in the price setting regime, including £40 million of capital and 

£16 million of operating costs (in 2003-04 prices) over the regulatory control period. 

Since then, WICS sets annual leakage targets, based on the historical reduction rates. 

5.1.3.1 Scottish Water’s leakage performance 

Although Scottish Water reduced its leakage in 2006-07 and 2007-08, it failed to meet its targets in 

both years. It is reported that the target 840 Ml/day for 2008-09 has been outperformed. 

Scottish Water is making progress in understanding and measuring leakage, mainly by setting up 

DMAs (as described above) that measure flows in local distribution systems. These district meter 

areas now cover more than 95% of Scotland’s population. 

Scottish Water submitted a report on its economic level of leakage to WICS in December 2008. 

However, the WICS “considers that the report’s findings are not robust and intends to work with 

Scottish Water to improve understanding of the ELLs across Scotland.” 

5.1.3.2 Proposals on leakage 

WICS states that it “continues to regard leakage as a priority. It expects Scottish Water first to 

determine robust estimates of its sustainable ELL and then to achieve that level by the end of the 

regulatory control period. The Commission considers that a level of leakage that is both economic 

and sustainable is likely to be well below 500 Ml/day.” 
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5.1.4 Best practice in the water industry 

A review of companies resulted in a range of activities that represented best practice in the industry 

on leakage measurement. The most common were the use of extensive district metered areas, the 

management and analysis of nightflow data and the use of acoustic equipment to locate leaks.  

The World Health Organisation has a best practice manual considering all elements of water 

leakagelxii; the key points are illustrated below. 

Figure 41. WHO best practice guidelines for water leakage 
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5.2 Offshore oil and gas 

The upstream oil and gas industry leakages are quantified in two ways. 

First, the amounts of emissions are primarily estimated through the Environmental Emissions 

Monitoring System (EEMS) process which uses estimation techniques which are in some ways similar 

to the GDN leakage model  but with the application of age factorslxiii. 

Second, the numbers of leaks are reported as part of the safety regime.  

 

5.2.1 EEMS and the emissions inventories 

The national atmospheric emissions inventory includes elements of methane leakage from offshore 

oil and gas installations and pipelines as well as onshore assets. A summary of the elements is 

belowlxiv. Note that T2 means “Tier 2”, i.e. national data are used and T3 means “Tier 3), i.e. site-

specific data are used. 

Figure 42. Elements of emissions inventory from the oil and gas industry 

 

The estimation methods are summarised below. 
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Figure 43. Estimation methods for methane emissions in the oil and gas industry 

 

As noted in the table above, many of the emissions estimates are derived from operator-reported 

activities and emissions from the upstream oil and gas facilities that are regulated by the DECC 

Offshore Inspectorate. Oil and gas operators submit annual source-specific emission estimates to 

DECC in the Environmental Emissions Reporting System (EEMS); reporting of emissions is mandatory 

for all offshore facilities 

 

Emissions from upstream oil and gas production facilities, including onshore terminals, are 

estimated based on operator reporting via EEMS, regulated by the DECC Offshore Inspectorate and 

developed in conjunction with the trade association Oil & Gas UK (formerly the UK Offshore 

Operators’ Association, UKOOA). The EEMS data provides a detailed inventory of point source 

emissions estimates, based on operator returns for the years 1995-2012. 

 

The EEMS dataset are considered the primary dataset to inform UK GHG inventory estimates as they 

are source-specific, complete (cover all emission sources on each facility), transparent (activity data 

and emissions data reported for most sources) and have been reported by operators for around 15 

years.  
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The EEMS guidance provides some interesting insights relevant to this study. First of all it ensures 

avoidance of inaccuracies due to differences in temperature and pressure. From the guidancelxiii: 

 

Mass is the preferred physical quantity for reporting gas emissions because of its 

independence of temperature and pressure. All gas amounts reported to EEMS are masses, 

usually in tonnes (t). However, most gas measurements made in the field are volumes at non-

standard temperatures and pressures. 

If volumes are measured under non-standard conditions they are converted to standard 

conditions using Boyle’s Gas Law based on the Ideal Gas Law: 

 

Vstd = (Pobs × Vobs / Tobs) × Tstd / Pstd 

= (Pobs × Vobs / Tobs) x 288.15/101.325 ×1035.3 

 

Where 

 Pobs is the observed pressure (Pa) 

 Vobs is the observed volume (m3) 

 Tobs is the observed temperature (K) 

 Pstd is the standard pressure (Pa) 

 Vstd is the standard volume (sm3 (15C)) 

 Tstd is the standard temperature (K) 

This ensures that the reporting of leakage estimates takes account of the prevailing conditions. 

 

DECC and Oil & Gas UK, 2008. EEMS. Atmospheric emissions calculations. Issue No. 1.810a. London: 

Department for Energy and Climate Change. Available from: 

http://og.decc.gov.uk/assets/og/environment/eems/tech-docs/atmos-calcs.pdf [Accessed 26 July 

2012]. 

The leakage estimation methodology is also explained in the guidance notes. For “fugitive 

emissions” i.e. leaks from system components such as joints, values and pump seals, the estimate is 

based on: 

i. The number of the different types of components, 

ii. The application of a default fugitive emission for each component, 

iii. And, in contrast to GDN estimation models, an “age factor” for each component. 

Typical values of the latter two items are illustrated below. The data were arrived at through an 

industry-wide consultative exercise. Emission factors and calculation methodologies are 

approved by the UKOOA Atmospheric Emission Work Group based upon UK studies, Oil and Gas 

Producers Association, American Petroleum Institute and the US Environmental Protection 
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Agency. In 1998 the system was the subject of an external review by specialists at AEA 

Technology. 

 

 

Figure 44. Default emission factors for fugitive emissions from plant components (kg.yr
-1

.compnent.
-1

) 

Figure 45. Installation/terminal age adjustment factors for fugitive emissions 

 

So for example, for each plant component type and each emission gas, the mass of emissions 

released per year would be calculated as follows: 

Mem(i) = Nc * Ec * Adage* Cwt(i)/105 9.1 

Where 

 (i) is an emission gas 

 Mem(i) is the mass of emission gas (i) released by a particular plant component type 

(tonnes) 

 Nc is the total number of plant components of a particular type 

 Ec is the fugitive emission factor for the component type, location and hydrocarbon type 

(kg/component-yr) 

 Adage is the age adjustment factor based on the commissioning date of the installation or 

terminal 

 Cwt(i) is the component weight percentage of emission gas (i) based on the component 

mole percentage of vent gas (taking account of the fact that for example the gas vented may 

not be 100% methane) 
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The two relevant points of difference in practice for this study are: 

i. The temperature and pressure adjustment 

ii. The use of age adjustment factors for different parts of the system 

The safety related reporting is described below. 

5.2.2 Reporting of pipeline and riser loss of containment incidents (PARLOC) 

The PARLOC process was conceived after Cullen inquiry into the Piper Alpha incident. All leak related 

incidents to be reported to the HSE and documented; the PARLOC process aggregates and reports 

this information. 

An interesting feature about the process relates to the uncertainty around complete details of the 

UK offshore pipeline network, which is of relatively low complexity compared to GDNs.  

Figure 46. Summary of pipeline details from EI/OGUK presentation
lxv

 

5.2.2.1 PARLOC summary results 

 

Some key results are illustrated below. 
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Figure 47. Summary of pipeline details from EI/OGUK presentationlxv 

As noted by the HSE and Mott MacDonaldlxvi, the focus of this process is the estimation of the 

number and frequency of leaks. They state: 

“The Incident database does not provide precise information with respect to either the 

location, or the duration, of loss of containment incidents although the time to locate and 

register the leak and the time to effect repair is of importance. This lack of information 

means that an accurate determination of the volume of product lost in each recorded loss of 

containment incident cannot be reliably estimated. While this may be regarded as being a 

limitation of the study it is the opinion of the authors that it will generally be more 

appropriate to develop an estimate of the loss of containment volume from a knowledge of 

the pipeline operating conditions at the time of a failure and the equivalent hole size rather 

than on the basis of direct historical data” 

A summary of the 2001 incidents database is illustrated below. 
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Figure 48. Overview of PARLOC 2001 database 

 

188 incidents resulted in leakage, of which 96 resulted in a loss of containment from steel and 

flexible pipelines and 92 of the leaking incidents were from fittings associated with the pipeline. 

5.2.3 Oil and gas leak detection and repair regimes 

There is a well-established oil and gas industry leak detection and repair regimelxvii. The first stage is 

to identify the leaks. The oil and gas processing industry has a systematic approach based on risk and 

cost–benefit to controlled and fugitive natural gas emissions. 

For natural gas leaks, a common approach is to first identify the major processes at the site including 

compressors, separators, storage tanks, all pipe connections, valves, flanges, vents and open ended 

pipes. The risks of emissions and leaks are calculated based on component data and each connection 

is assessed so that a complete inventory can be made and issues dealt with directly. This process is 

known as leak detection and repair (LDAR). 

Historically, this process was completed using calibrated hand-held devices, e.g. flame ionisation 

detectors or catalytic combustion detectors, using a small probe to scan along all the identified weak 

points. A typical leak detection would relate to the lower explosion limit concentration (LEL) and 

may be between 10-100% of the LEL. 

On detection of a leak, the regime for repair when above the ‘definition’ level can vary between 48 

hours to 15 weeks, depending on local regulations. This repair schedule can be longer in the case of 

significant plant shutdown to enable the repairs to be carried out safety, so in these cases, it may be 

judged practicable to postpone the repair until the next planned shutdown. 

The LDAR process has been improved with the use of new technology, specifically the use of infrared 

(IR) thermal imaging, which is now used in a variety of applications, e.g. leak mapping, including on-

shore applications (e.g. shale gas). The standard IR technology is adjusted so that the detector is 
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tuned to a specific wavelength at which a methane leak will show up and a visible gas. This advance 

has improved the speed of the LDAR process and, depending on the system, whole process areas can 

be scanned. 

Determination of the leak rate is necessary to generate evidence for the need to repair minor leaks 

and to compile greenhouse gas (GHG) emissions estimates. 

From the concentration, tables such as stratified screening value tables are used to estimate the leak 

from the concentration and component type. This data comes from emissions inventories and so the 

leak rate determination can carry large uncertainties.  

The data is based on a three tier system: 

• Tier I is based on pipeline length. It is a very approximate method that does not take account of 

the presence of specific plant and equipment. 

• Tier II is based on the number of major process/stations. 

• Tier III is based on individual component counts/events 

Direct measurement is also used, typically in relation to the high risk components such as 

compressors. Direct assessment is achieved using a flow flux principle. The source of leak or whole 

component is sealed in an enclosure (‘bagged’ up). A known flow of inert gas is introduced to the gas 

and the flow of total gas (inert plus leak) is measured at an outlet; knowing the concentration of 

methane, the mass emission rate of methane can be calculated. This emission rate and the recorded 

leak concentration at the component can be used to derive an emission factor. 

An alternative to bagging is to use a system developed by the Gas Research Institute that samples 

the leak at a high rate, creating a fast-moving field of air moving at a known flow rate around the 

immediate source of the leak. The sample flow rate and methane concentration are measured and 

the mass emission rate of methane can then calculated. This has the major advantage of being 

portable and much easier to use than the bagging method. 

The EA note that, in relation to unconventional gas production: 

“The use of such methods has been the focus of discussion following the publication of 

emissions estimates based on the use of ambient monitoring techniques (Pétron et al. 2012). 

This work suggests that use of an established leak estimate methodology potentially 

underestimated emissions of methane from a tight gas extraction field by a factor of 

approximately two. The established methodology based on emission factors and activity 

estimates indicated that approximately 2 per cent of methane production was lost to the 

atmosphere, whereas the measurement study combined with the use of dispersion modelling 

tools indicated that approximately 4 per cent of methane was lost to the atmosphere.” 
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5.3 Summary of Key Findings 

This section reviewed the water and offshore oil and gas industry. The key findings are: 

1. The water industry uses difference based methods for estimated leakage. There is an integrated 

(approximate) approach which looks at the balance between supply and consumption (some of 

which is estimated) and attributes the balance to leakage. There is also a “district metering area” 

(DMA) approach which uses a small, well-instrumented district to estimate leakage at times of 

low consumption (e.g. 4 AM). This could be an approach to use when smart meters have been 

rolled out to a suitable extent for gas. 

2. In England and Wales, the system operator is also the supplier, and experiences a loss of 

revenue associated with leakage. Hence it would be expected that water companies would 

operate at the “economic level of leakage”, i.e. the level at which any further interventions are 

more expensive than the leakage saved, but the regulator has had to set targets because 

historically the appropriate investments were not being made. 

3. The offshore oil and gas industry also uses leakage factors that have been developed through 

analysis and consultation with regulators. These incorporate age factors to account for higher 

expected leakage rates from old assets. They also have a strict reporting regime for leaks which 

allows analysis of causes. Finally, they are driving innovations in leak detection that can be used 

in other sectors. 
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6 Other issues: iGTs, own use, OFGEM/DECC incentives 
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6.1 iGTs 

Independent Gas Transporters (IGTs) develop, operate and maintain local gas transportation 

networks. 

 

IGT networks are directly connected to the Gas Distribution Network (GDN) via a Connected System 

Entry Point or indirectly to the GDN via another IGT. Although domestic, industrial and commercial 

premises are connected to IGT networks, new housing and commercial developments form the 

largest share of the IGT market.  It is estimated that the number of consumers connected to IGT 

networks is around 1.5 million.  

 

Under the bilateral Connected System Exit Point (CSEP) Network Exit Agreement (NExA), iGT’s are 

required to provide on an annual basis timely estimates of shrinkage values to large transporters 

(GDN operators).  These values are used to procure extra gas to cover the shortfall due to shrinkage. 

Any errors in the estimates are reconciled through the Reconciliation by Difference (Rbd) process. 

 

However, according to the IGT arrangements of the Uniform Network Code (UNC), Section C, “IGTS 

Shrinkage”: 

 

1. IGTS SHRINKAGE 

 

1.1 IGTS Shrinkage 

“IGTS Shrinkage” means gas offtaken from a DNO System at a CSEP which is lost from or 

unaccounted for as offtaken from any directly-connected or indirectly-connected IGT System, 

including gas lost or unaccounted for by reason of leakage, theft, meter error or meter 

correction. 

 

1.2 Treatment of IGTS Shrinkage 

 

1.2.1 At the Nexus Implementation Date there are no arrangements for the identification or 

estimation of IGTS Shrinkage or for its allocation as among CSEP Users. 

1.2.2 It is acknowledged that, as a result, IGTS Shrinkage will be counted as and treated as 

forming part of Unidentified Gas for the relevant LDZ pursuant to TPD Section H2.6. 

 

Hence, in the current situation is that any actual shrinkage in the IGT network is treated as 

Unidentified Gas; the implied assumption is that the IGT networks (comprising approximately a 

million consumers) is not subject to leakage. Given all the evidence above regarding leakage rates, 

even in modern infrastructure, it can be reasonably inferred that this is an overly optimistic 

assumption. Furthermore, it does not put an onus on the IGTs to provide network data and 

proactively undertake leakage assessments, which is best practice across other industries. 

 

A rough estimate of shrinkage assuming similar behaviour across these systems would be around 2-

5% or around £1.4-3.5m per annum based on current baselines. 
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6.2 Incentives 

Review of incentives to reduce NG leakage in GDNs 

6.2.1 OFGEM Shrinkage Allowance 

This comes under the wider RIIO (Revenue = Incentives + Innovation + Outputs) regulatory 

framework, which was introduced in April 2013, and is a new performance based model for setting 

the network companies’ price controls which will last eight years. The RIIO mechanism is designed to 

encourage network companies to: 

 Put stakeholders at the heart of their decision-making process; 

 Invest efficiently to ensure continued safe and reliable services; 

 Innovate to reduce network costs for current and future consumers; and 

 Play a full role in delivering a low carbon economy and wider environmental objectives.  

 

A good explanation of how the allowances work is given in OFGEM’s Energy Efficiency Directive 

Assessment Reportlxviii. 

They explain that GDNs have performance baselines set for both shrinkage and the separate leakage 

element. These are set out over a price control period, with expected year to year reductions, based 

on previous allowances. The GDNs can then earn rewards or face penalties, depending on the 

outturn against baseline. Note that the outturn is based on the measurement of a model inputs (e.g. 

average pressures, MEG saturation, network composition) and then the application of the SLM using 

these inputs, rather than actual measurements of leakage/emissions. The GDNs baselines are based 

on similar factors, e.g. 

The forecast of: 

 the length of live mains in a network, over the price control period, by diameter and 

material; 

 the number of services in a network over the price control period; 

 the number of above ground installations in a network over the price control period; and 

 replacement activity. 

The Shrinkage Model assumptions of: 

 the percentage split between metallic and plastic service pipes; 

 Mono-ethylene glycol (MEG) saturation; 

 the impact of replacement activity upon average system pressure (ASP); and 

 mains, services and AGI leakage rates 

The GDNs have agreed reductions of shrinkage and leakage by 20% over the period Apr 2013-Mar 

2021; the figure below indicates the performance to date. However, this is using the same SLM 

approach and so the same uncertainties and criticisms of the methodology apply. 
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Figure 49. Shrinkage and leakage baseline allowances and actual outcomes (GWh)
lxviii

 

 

The forward allowances are listed belowlxix. 

 

Figure 50. Forward shrinkage allowances
lxviii

 

 

The incentive for reducing shrinkage is explained belowlxviii: 

Under the UNC, GDNs are responsible for purchasing gas to replace that lost through 

shrinkage. An efficient level of funding has been set out in RIIO-GD1, which can be recovered 

through Gas Transportation Charges. This provides the GDNs with an incentive to control 

shrinkage from their networks to avoid having to purchase more gas than they have been 

funded for. GDNs will also be able to keep a share of any efficiency savings for the remainder 

of RIIO-GD1. 

Hence, a positive balance can be partially retained by the GDN based on the model. There is a 

second incentive which only pertains to leakage, explained belowlxviii: 

Releases of uncombusted gas have additional environmental impacts. To target this area of 

shrinkage, an additional output incentive has been introduced for RIIO-GD1. The 

Environmental Emissions Incentive (EEI) uses the social cost of carbon set by the Department 
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of Energy and Climate Change (DECC) to form an incentive unit value. The GDNs are then 

rewarded or penalised for improvements or deteriorations in leakage performance. 

For the RIIO-GD1 price control, Ofgem has also introduced a rolling incentive mechanism 

which provides eight years of benefit or penalty for the GDNs, irrespective of the timing of 

investments and delivery of enduring reductions during the price control period. 

So in summary: 

Shrinkage is funded through the GDN Transportation Charges. The GDNs have two incentives 

to minimise gas transportation losses: 

 Shrinkage Incentive – incentivises the reduction in volume of gas lost from the 

network. Licensees receive an allowance to replace gas lost through shrinkage. If 

licensees need to replace less gas than they have received an allowance for, they 

share the savings with customers. If they need to spend more than the allowance, 

then they share any cost over runs with customers. 

 EEI – provides an incentive to manage the leakage element of shrinkage. Where the 

reported level of leakage are above [sic – this is a typo and should be “below”] the 

forecast level, the EEI allows GDNs to capture the environmental benefit associated 

with the reduction in carbon emissions, at the level of DECC’s traded cost of carbon. 

Likewise, if the volume of leakage is higher than forecast, GDNs incur the associated 

environmental cost. 

Both these mechanisms provide the GDNs with the incentives to reduce the levels of gas lost 

from the networks. The reward or penalty applied is equal to the non-traded carbon price in 

the case of the EEI and a reference gas commodity price in relation to the shrinkage 

efficiency incentive. Baselines for both these incentives were established and agreed through 

the settlement of the RIIO-GD1 price control, and GDN performance is measured against 

these baselines with reward for out-performance or penalties for under performance. 

As can be seen in the graphs above, the initial baselines are easily achievable and it will be important 

to review how easy this will become in the future as the allowances reduce. 

As explained in the RIIO-GD1lxx document, the GDNs are undertaking a number of activities to reduce 

GDN leakage: 

 Replacement of Metallic Mains & Services – over the RIIO-GD1 period, the GDNs plan to 

replace a significant proportion of the remaining low pressure metallic mains & services on 

their network. Mains & Services replacement accounts for over 90% of the total reduction in 

leakage per annum. The iron mains replacement programme includes the flexibility to select 

pipes for replacement based on a range of criteria that provide additional customer benefits 

in terms of financial value and asset performance but also environmental benefits in terms of 

leakage reduction. 

 Gas Conditioning – using liquid fogging agents injected into networks at strategic locations 

to condition the joints on ferrous mains. This swells the lead/yarn joints and restricts the leak 

path. Used appropriately, this method can reduce the rate of leakage from cast iron pipes by 

4% relative to what it otherwise would have been. 
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 Average System Pressure Control – reducing average system pressure to reduce the amount 

of gas leaking while ensuring a reliable system that meets all demand conditions, including 

peak winter conditions, is a major objective. Much of the UK gas distribution network is 

under intelligent pressure control which minimises network pressures and thus leakage. 

There is an on-going programme to install new pressure control systems for further leakage 

reduction. There is also an allowance provided in RIIO-GD1 to maintain the existing systems 

to avoid an increase in pressures which will directly increase leakage. 

 Network Reinforcement – reinforcements are planned where growth in demand is forecast to 

avoid the raising of pressures and associated leakage rates. Strategic network 

reinforcements (non-growth related) are also identified and justified on their ability to 

achieve further reductions in system pressure and deliver additional reductions in leakage 

and improvements in asset and network performance. 

 

The estimated expected benefits over the future periods are illustrated below. 

 

Figure 51. Expected benefits of future GDN investment measures 

 

Target set and compared with companies report. Not independent, uses the same calculation 

without any validation. Does not incentivise alternative approaches in case they come up with higher 

estimates. 

OFGEM define Shrinkage as follows: 

“Shrinkage is gas lost from the distribution network through leakage, theft and own use gas 

(e.g. purging the system during system operations or gas pre-heating prior to pressure 

reduction). In order to compensate for this unaccounted for gas leaving the system, 

additional gas to that input by Users has to be purchased by the Gas Distribution Networks 

(GDNs) and the cost passed onto Users. This process is governed by UNC Section N. 

GDNs therefore have a UNC responsibility to purchase Local Distribution Zone (LDZ) 

Shrinkage gas. This shrinkage volume is based on an estimate of likely shrinkage in the 

forthcoming Gas Year using a variety of assumed system parameters known at the time. At 

the end of the Gas Year, a shrinkage assessment is made using revised known parameters 

and the differences reconciled with Users. The GDNs therefore have LDZ Shrinkage 

volumetric allowances within their price control revenue allowances which limits the 

shrinkage volumes that they are allowed to pass through to Users. GDNs are thus 

incentivised to minimise shrinkage. If they incur shrinkage volumes below their shrinkage 

allowances they retain the value of this over the price control period.” 

OFGEM further state: 

“Shrinkage comprises leakage from pipelines (around 95 per cent of gas losses), theft from 

the GDN network (c. three per cent), and own-use gas14 (c. two per cent).15 Under the 
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Unified Network Code (UNC), GDNs are responsible for purchasing gas to replace the gas lost 

through shrinkage, and we fund companies to purchase reasonable levels of gas shrinkage in 

setting price limits.” 

6.2.2 Environmental Emissions Incentive (EEI) 

As explained above, a parallel incentive to the shrinkage allowance is applied to the same differential 

between forecast and outcome leakage, whereby the differential (applied only to leakage and not 

own use and theft) is multiplied by an appropriate price reflecting the carbon price and global 

warming potential of methane. The following prices are planned: 

EEI 2013-

14  

2014-

15  

2015-

16  

2016-

17  

2017-

18  

2018-

19  

2019-

20  

2020-

21  

£/MWh  62.73  63.66  64.59  65.54  66.55  67.50  68.53  69.61  

 

6.2.3 IMRP (REPEX) programme 

A separate incentive relates to the Iron Mains Replacement (IMRP) REPEX programme. Here, OFGEM 

also fund the GDN at the price review to replace iron mains, which the GDNs agree with the HSE.  

They state “One of the key benefits to the repex programme is a reduction in network losses. As set 

out in Chapter nine, we also require companies to develop a broad approach to asset management, 

where they optimise their investment programmes based on an assessment of risk across all asset 

classes, including environmental risk (eg expected carbon abatement). The shrinkage allowance and 

EEI incentivise the companies to consider initiatives to reduce shrinkage during the price control 

period, in addition to the investment schemes that we will fund at the price control designed to 

address environmental risks.” 

According to a summary documentlxxi: 

“A GDN said they supported the HSE’s work on reforming the repex programme and that the current 

approach to funding repex was not encouraging the right behaviours to maintain the current level of 

safety at value for money.” 

According to the RIIO final proposals overviewlxxii: 

Under the old policy, the HSE required GDNs to replace all iron mains within 30 metres of 

buildings within 30 years (“30/30” programme). The new policy is referred to as the “three-

tier approach”. Under the new policy, for tier 1 mains3 GDNs have to replace the same length 

of mains as under the old policy but can prioritise replacement based on a wide range of 

benefits, including reductions in gas losses, operating costs, as well as improvements in 

safety risk. Tier 1 mains comprise around 80 per cent of the mains population. For tier 2 and 

3, in general, the new policy only requires GDNs to replace mains if the pipe replacement is 

                                                           

3 The three tiers of pipe diameter are: 

Tier 1: 8 inches and below (approximately 80% of all ‘at risk’ iron pipes) 

Tier 2: above 8 inches and below 18 inches (approximately 15% of all ‘at risk’ iron 

pipes) 

Tier 3: 18 inches and above (approximately 5% of all ‘at risk’ iron pipes). 
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justified in cost benefit terms. The exception is high risk tier 2 mains, where there is a 

mandatory requirement. 

At initial proposal (IP), we provided no funding for tier 2 and 3 mains for WWU and very 

limited funding for NGGD and SGN as we did not consider that they had undertaken their 

investment appraisal consistent with our appraisal guidance. We have not made any 

changes in relation to NGN‟s tier 2 and 3 iron mains related outputs relative to IP, as its plan 

was consistent with our guidance and at IP we proposed to fund it in full. 

Since IP, NGGD, SGN and WWU have resubmitted their investment appraisal for tier 2 and 3 

mains in a way that is largely consistent with our guidance. In particular, they have 

submitted plans consistent with our proposed discount period of 24 years to accommodate 

uncertainty in relation to future network use and the pay-back of network investment. In 

response to the new information provided by GDNs, we propose to allow additional repex 

allowances and associated outputs for all three groups. This increase in outputs explains in 

large part the increase in allowances relative to IP.  

In return for the funding levels, we will require GDNs to improve the safety risk performance 

of their iron mains population by 40 to 60 per cent. 

 

Figure 52. Expected improvements in safety risk over RIIO-GD1 (expected incidents p.a.) 

 

The HSE indicates that there will be a review of the IMRP before OFGEM’s RIIO mid-period review in 

2016. The plan is for OFGEM to allow incentives in IMRP: 

We (OFGEM) will ensure that we allow GDNs to retain the benefits of unit cost 

outperformance in relation to the delivery of the iron mains programme for the full eight-

year period (subject to the efficiency incentive rate), thereby providing strong incentives for 

GDNs to develop innovative lowcost techniques to address iron mains risk.  

The HSE undertook a ten year review of the IMRPlxxiii. The explain that the programme was started in 

2002 to deal with societal concern around cast iron gas main failures and the associated health and 
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safety risks. The overall objective was to decommission all cast iron mains within 30 metres of 

property in 30 years ; henc the IMRP is often referred to as the '30/30' programme. They note that: 

The IMRP accelerated the replacement of cast iron mains to a level that was estimated to be 

as fast as practicable at that time, given the potential risks faced by society and the 

resources required. The IMRP excluded steel mains and services from the replacement 

programme as potential risks from steel, at that time, were considered to be at a lower level 

than risks from cast iron mains. 

Our analysis of the data indicates that the steel risks are indeed substantially lower. 

The cost benefit analysis undertaken found that: 

 the main benefits arising from the IMRP relate to network efficiency (reduced repair costs 

and reductions in the level of private shrinkage) and environmental benefits (lower 

emissions). Health and safety benefits, although clearly important, are not material when set 

against the costs of the programme. However despite what the analysis shows, care must be 

taken in equating the same monetary amount of the different benefits identified…. 

… The analysis has shown that to date the IMRP has been extremely expensive, given the 

number of lives potentially saved from it, but this was already known to be the likely 

outcome when the programme was originally designed. The evidence provided by AESL 

combined with the CBA suggests that there are a number of options available to restructure 

the programme that have the potential to deliver significant cost savings in the future. It is 

critical that any structural changes that may occur to the IMRP in the future be accompanied 

with a significant improvement in the way in which data is captured and interrogated to 

inform the implementation of the programme. This will play an important role in optimising 

the delivery of the IMRP on a year on year basis going forward and would also support any 

future appraisal / review of the programme. 

Frontier economics also undertook an IMRP review for OFGEMlxxiv and their main findings are 

reproduced below. 
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Figure 53. Selected slides on IMRP review 

 

6.2.4 Comments on incentives generally 

We note that the estimate of shrinkage and the “actual” shrinkage are essentially based on the same 

shrinkage model. This results in a situation whereby the use of other methods to calculate actual 

shrinkage are unlikely to be used as they will introduce uncertainty and potentially lead to a cost to 

GDNs if these new methods lead to higher shrinkage estimates. 

The extent to which this process has improved performance has been assessed. It was found that 

the main behaviour change was pressure management (most likely because this does not require 

large scale capital investment but rather minor investments and operational improvements). This 

means that longer term improvements will be subject to diminishing returns unless other types of 

interventions are also considered. 

According to OFGEMlxxv:  

“From our discussions with GDNs, we understand that their outperformance is primarily a 

result of investment in improved pressure management. Investment in these systems by 

GDNs has led to a step change in performance against the shrinkage and leakage 

allowances. However, we expect GDNs’ ability to outperform the allowed targets to diminish 

over GDPCR1, and indeed to diminish in subsequent review periods. We will need to be 

diligent in setting companies’ shrinkage allowances at future reviews, and set challenging 

allowances to ensure that customers only finance reasonable gas shrinkage costs.” 
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An interesting overall finding is that the IMRP was not designed to reduce shrinkage but probably 

has larger impact than shrinkage allowance and EEI. 

This is also noted in the Energy Efficiency Directive Review documentlxviii 

Leakage comprises 94% of shrinkage on the gas distribution networks. The single biggest 

contributor to the GDNs achieving a reduction in leakage over the price control period is their 

mains replacement work. Although this is driven mainly by safety considerations, the 

associated reduction in leakage will significantly improve the energy efficiency of the 

networks and help the GDNs to meet their target of 20% reductions of shrinkage. 

This does appear in a sense to be a double incentive, given that the IMRP is separately funded from 

the shrinkage allowance.It will be important to try to move towards using “actual” shrinkage to drive 

the process of managing incentives. OFGEM acknowledge this, statinglxxvi:  

“We remain committed to the use of actual shrinkage data as the basis for reporting shrinkage in 
RIIO-GD2. We acknowledge respondents' views that there are uncertainties in this area, 
particularly over the timing of when smart meter data will be available. In response to these 
views, we intend to modify our proposed licence condition in this area. Rather than introducing a 
strict licence condition requiring companies to use actual leakage data as the basis for the 
Environmental Emissions Incentive (EEI) and shrinkage allowance in time for RIIO-GD2, we intend 
to introduce a licence condition on the GDNs requiring them to report to us (collectively) the 
following information on a biannual basis:  

 the status of the smart meter roll out  

 their assessment of the suitability of smart meter data as the basis for the shrinkage 
data  

 the steps they are taking to ensure they have access to these data  

 how they intend to use these data (eg re-calibrating their shrinkage model).” 
 

 
OFGEM’s Energy Efficiency Directive Reviewlxviii outlines other future possibilities for GDNs to 
improve performance associated with shrinkage, including: 
 
Infrastructure 

 Development of new innovative ways to carry out maintenance and repair on existing 
infrastructure (Core and Vac Innovation Project, Robotics Innovation Project) 

Low Pressure Distribution Mains 
 Completion of the Health and Safety Executive (HSE) mains replacement programme, and 

then remediation of metallic mains outside of the HSE mains replacement programme 
 Investigation into the potential for internal joint repairs (CISBOT Innovation Project) 
 Optimising average system pressure 
 Optimising MEG saturation 
 Design, development, manufacture, installation and commissioning of equipment to Improve 

MEG saturation (TouchSpray MEG Fogging System Innovation Project) 
Medium Pressure Distribution Mains 

 Completion of the HSE mains replacement programme 
 Remediation of metallic mains outside of the HSE mains replacement programme 
 Understanding the impact of pressure upon MP Mains leakage rates, capturing within the 

National Shrinkage model and then optimising average system pressure (Innovation Project) 
Distribution Services 

 Replacement of metallic services (Serviflex, PE Risers) 
Above Ground Installations 
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 Understand venting and leakage rates from AGIs so reduction can be targeted (Innovation 
Project) 

 Replacement of above ground installation control systems with equipment that reduces 
venting 

 Remediation of leaking AGIs 
Own Use Gas 

 The development of more efficient gas pre-heating systems (Immersion Tube Preheating 
Innovation Project) 

 Introduction of metering OUG 
Further Development of the Shrinkage Model 
To increase the intelligence of the assumptions and estimations within the model, and building upon 
the work already being undertaken by the Shrinkage Forum, there are several measures the GDNs 
are undertaking through the innovation mechanisms and a number of others that have been 
identified as possible improvements to the model: 

 Including a pressure related MP calculation considering the relationship between pressure 
and leakage 

 Embedding / accounting for mains remediation, as well as replacement, within model 
 Accounting for proactive low pressure repair within model 
 Accounting for remediation within model 
 Calculation of own use gas through water bath heaters. 
 Accounting for improvement in Above Ground Installation (AGI) venting volumes29 
 Using new equipment to indentify AGI leakage and Stakeholder Engagement to capture 

improvements 
Investigating the use of Smart Meter Data 
The Shrinkage Forum is also exploring new sources of data for the model, including an assessment of 
whether smart meter data could be used within the model. Of the key data inputs required in the 
shrinkage model, it is estimated that two could potentially be influenced and improved using smart 
metering data. 
 
Average System Pressure (ASP) 
Smart metering could provide usage data that might assist in the validation of network analysis 
models, which are used to calculate ASP. Although current network analysis validation policy already 
requires a high level of accuracy, smart metering could help fine tune the process, especially in small, 
specific areas of networks that are proving difficult to validate. To facilitate this, there would be a 
requirement for statistical load research to investigate the relationship between individual customer 
usage obtained via smart meter readings and the ‘assumed fully-diversified’ peak six-minute demand 
required by the Network Analysis modelling process. 
Smart metering may also provide the opportunity to improve the pressure management of those 
networks operating on clocked or drawn profiles, ie. not on intelligent profile control, by providing a 
more accurate assessment of demand requirements, especially through off-peak periods. This could 
potentially allow pressure management regimes to be refined and pressures reduced during off-peak 
periods, both of which would result in lower ASP. 
Currently, ASP is calculated using network analysis tools that assume a specified average demand 
across the year for all networks. Smart metering data will allow this figure to be tested and 
potentially allow for network specific average demand. 
There is the potential that smart metering may reduce demand, most likely during off-peak periods, 
allowing GDNs to operate those networks fitted with clocked or drawn profiles at lower pressures 
thereby reducing average system pressures which will, in turn, reduce leakage. The behaviour of 
customers cannot be forecast with any certainty and this will only be understood once significant 
volumes of smart meters are installed and a number of years of data compared. 
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GDNs will also investigate the opportunity to develop an improved understanding of demand 
patterns, following the introduction of smart metering. Smart metering may also make it easier to 
identify theft downstream of the Emergency Control Valve e.g. via zero meter reads. The measure of 
OUG is not likely to be impacted by smart metering. 
To fully explore some of these potential benefits, GDNs will consider the practicalities of setting up 
trials on specific networks to determine if smart metering data can impact on the ASP and the likely 
scale of any improvement. Any trial will be impacted by the smart metering rollout program and the 
availability of data in specific geographic areas. 
 
Service Pipe Material Data Quality 
Service pipe data is estimated using a combination of mains data and service pipe populations 
recorded during mains replacement activity. It may be possible during smart meter rollout to update 
the service type information used in the shrinkage model. This would require the support of suppliers 
and GDNs will raise this issue as part of supplier engagement on rollout. 
 
It would be very useful to know how these opportunities are being followed up. 

6.2.5 Smart metering 

The GDNs collectively produced a document in Jan 2015 on the potential benefits of smart meters 

for shrinkage estimation and reductionlxxvii. 

This was produced in response to a request from Ofgem, following the publication of the SLSM 

Report in July 2014, that the GDNs consider the potential benefits of Smart Metering in more detail. 

The report notes that:  

“there is currently insufficient data available from Smart Meters to carry out meaningful analysis” 

 and so they  focus on potential benefits, blockers, restrictions and next steps. 

At present, GDNs are not able to access Smart Meter data but are fully engaged in the development 

of the DCC and have provided requirements for data into the process. Due to the requirement to 

maintain consumer anonymity, GDNs will not have direct access to Smart Meter consumption data 

through an IT system. A request will have to be submitted for any data and this will need to be 

aggregated before it is issued to GDNs. Once aggregated, the GDNs could in principle review 

consumption for particular network sections that are mainly domestic and compare consumption 

versus supply. This will however only be feasible with full, or a high level of coverage. The document 

notes that: 

The Smart Metering roll out in the UK is the only one in the world that is to be Supplier led. In 

every other country the Networks have installed Smart Meters on an efficient street–by-

street basis. Suppliers propose to use a ‘customer pull’ process targeting first those 

customers that want the new meters. The fragmented nature of the Supplier led model 

means that it is highly unlikely that GDNs will have access to Smart Meter consumption data 

for a complete section of the network until the end of the roll out. 

Further, it notes that two of the ten main inputs for the SLC could be improved and influenced once 

sufficient smart meter data is available. These relate to ASP and updating service pipe data. Note 

that the focus seems to be on the small user sector. 

Average System Pressure – Smart Metering could provide usage data that might assist in the 

validation of network analysis models, which are used to calculate average system pressures. 
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Although current network analysis validation policy already requires a high level of accuracy, Smart 

Metering could help fine tune the process, especially in small, specific areas of networks that are 

proving difficult to validate. To facilitate this, there would be a requirement for statistical load 

research to investigate the relationship between individual customer usage obtained via Smart Meter 

readings and the ‘assumed fully-diversified’ peak six-minute demand required by the Network 

Analysis modelling process. 

Smart Metering may also provide the opportunity to improve the pressure management of those 

networks operating on clocked or drawn profiles i.e. not on intelligent profile control, by providing a 

more accurate assessment of demand requirements, especially through off- peak periods. This could 

potentially allow pressure management regimes to be refined and pressures reduced during off-peak 

periods, both of which would result in lower average system pressures. 

Currently, average system pressures are calculated using network analysis tools that assume a 

specified average demand across the year for all networks. Smart Metering data will allow this figure 

to be tested and potentially allow network specific average demands to be used. 

The GDNs will consider the practicalities on trials on particular networks, depending on the 

availability of data. An approach similar to the water network DMA approach might be suitable. 

SGN are currently running two parallel, NIA funded, feasibility studies into the requirements 

of trialling Real-Time Networks within SGN's distribution zones. At this stage, the relevance 

of Smart Metering in this area is unknown as the feasibility studies look to map the validity of 

various elements of sensor/metering technology requirements. 

As explained before, Service Pipe Material Data is estimated using a combination of mains data and 

service pipe populations recorded during mains replacement activity. It ought to be possible during 

Smart Meter rollout to update the service type information used in the SLM model. This would of 

course require collaboration between Suppliers and GDNs. The opportunities to improve the SLM 

based smart meter roll-out are summarised in the figures below. 
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Alternative to the Shrinkage and Leakage Model – Monitoring Gas In vs Gas Out 

The same document notes that the GDNs “consider that the SLM is fit for purpose and is currently 

the most appropriate mechanism for evaluating leakage and shrinkage.” 

In the long run it might be possible to replace the current SLM which uses activity factors with a 

model which balances input versus offtake and records the difference. Three options of such a 

system have been considered in the review: 

 Offtake Metering In, Smart Metering Out – Full Coverage 

 Offtake Metering In, Smart Metering Out – Representative Networks 

 Offtake and Governor Metering In, Smart Metering Out 

An important factor in choosing an approach is understanding the level of coverage need to obtain 

statistically valid results. The GDNs therefore propose to: 
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commission a trial project utilising innovation funding to obtain a better understanding of 

the feasibility of each of these three options. At an early stage, GDNs will liaise with Suppliers 

to influence the Smart Meter roll out as much as possible to maximise the installation of 

Smart Meters on trial networks and, wherever possible, utilise Smart Meters that have 

already been rolled out. However, Smart Meter rollout is Supplier led and GDNs will require 

the support of the wider community in order to realise the potential benefit of any trials. 

They make an important point on accuracy: 

It should also be noted that fully electronic meters are only required to be accurate to ±2%4, 

and diaphragm meters to accuracy of 3%. Current shrinkage / leakage levels are currently 

modelled to be approximately 0.6% of throughput, therefore the inherent error in meter 

readings to provide actual demand data could be greater than the actual shrinkage levels. 

However, this error should be mitigated by sample size once a representative population is 

achieved. 

They note that: 

There is a concern, however, that a ‘gas in vs gas out’ model would make it harder for GDNs to 

influence shrinkage, particularly the leakage element, as there would be reduced clarity regarding 

the source of the lost gas. 

We agree, hence the need for an updated experimental study like the 2002 one will not be negated 

by the onset of widespread smart metering.  

They also note with respect to theft: 

Currently, Shrinkage only includes what is deemed ‘transporter responsible’ theft, which is 

estimated to be only a small proportion of overall theft. Due to its nature, the level of theft is 

                                                           

4 The accuracy of water meters is defined by the The Measuring Equipment (Cold-water Meters) Regulations 

1988 as follows  

Flowrate range Prescribed 

limits of error 

on passing as 

fit for use for 

trade 

Prescribed limits of error in relation to the 

obliteration of the stamp or mark 

From the transitional 

flowrate (Qt) to the 

maximum flowrate (Qmax) 

inclusive. 

2 per cent of 

quantity 

delivered, in 

excess or in 

deficiency. 

2.5 per cent of quantity delivered, in excess or in 

deficiency. 

From the minimum flowrate 

(Qmin) up to, but not 

including, the transitional 

flowrate (Qt). 

5 per cent of 

quantity 

delivered, in 

excess or in 

deficiency. 

6 per cent of quantity delivered, in excess or in 

deficiency. 
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unknown but it could be of equal or even greater magnitude than the level of leakage; this 

would provide a significant obstacle to being able to separate out the sources of 

‘unaccounted for’ gas in a ‘gas in vs gas out’ model. Carrying out assessments at different 

times of the year may help with regard to this; the level of leakage is likely to be fairly flat 

throughout the year, but the level of theft is likely to follow a seasonal profile. 

And with respect to calorific value: 

In a ‘gas in vs gas out’ model, consideration would need to be given to the units in which the 

comparison is carried out. Errors associated with calorific values and standard pressure and 

temperature correction could be significant if comparing energy values. This will have an 

influence on the data required from DCC. 

In the GDNs opinion: 

In summary, whilst an alternative ‘gas in vs gas out’ model will be considered, the SLM currently 

provides the most effective measure of leakage and shrinkage. 

The key points are summarised in the figures below. 
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The GDNs also note that smart meters might result in reduced shrinkage itself: 

OFGEM also fund low carbon innovation projects. Current projects that are relevant to this study 

include 

o NG transmission: demonstration of an in-line robotic inspection device for high 

pressure networkslxxviii 

o Northern Gas: Efficient preheating systemslxxix.  

Performance data from these is starting to become available.lxxx 

o Scotia gas networks: Robotics - a project to develop new robotic technologies that 

operate inside live gas networks, in order to repair leaking joints, manage risk of 

pipe fracture in larger diameter pipes and repair and replace pipeline assets.lxxxi 
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6.3 Summary of Key Findings 

The key findings from this section are as follows: 

1. The assumptions around iGTs are unrealistic and should be explored in more detail. A rough 

estimate of the value of shrinkage is 2-5% of the total baseline figure (i.e. £1.4-3.5m). 

2. The OFGEM incentives to reduce shrinkage are based on the application of the same SLM model 

rather than through other verification. They have driven improvements in pressure management 

but OFGEM indicate that they believe future improvements will be harder to achieve due to the 

need to go beyond incremental improvements. 

3. The most important contribution to shrinkage reduction was actually the IMRP which was 

instigated for health and safety reasons. There are ongoing debates regarding the future pace of 

mains replacement and the associated funding. 

4. There are many opportunities for innovation, including leak detection and repair, monitoring of 

AGIs and preheaters, smart metering and real-time estimation of shrinkage and data collection 

on network configuration (e.g. service pipe materials). These tend to be point source activities; if 

joined up with a focus on shrinkage they could be more than the sum of their parts. 
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7 Conclusions and next steps 

This report has reviewed: 

 The GDN shrinkage and leakage model and its input factors 

 Similar models and factors used elsewhere 

 Evidence from a variety of leakage measurements 

 Practices in other industries 

 Regulation and policy around shrinkage 

 
We have found that there are some important anomalies in the shrinkage model; that some of the 
data are not in line with international estimates and some assumptions border on the optimistic. It 
has been over 12 years since the last calibration study and it would be reasonable to request 
another one, especially considering the intervening improvements in technology. 
 
This could be coupled with periodic, non-invasive leak detection activities. This could be co-funded 
by stakeholders interested in better national emissions inventories (e.g. DECC/DEFRA) and the 
means to reduce emissions. 
 
More evidence to justify the network composition assumptions should be made available to shippers 
and other stakeholders to generate more confidence in the SLM.  
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Annex 1  – key Clauses from OFGEM documents 

From OFGEM Consultation on strategy for the next gas distribution price control 

- RIIO-GD1 Outputs and incentives 

Shrinkage comprises leakage from 

pipelines (around 95 per cent of gas losses), theft from the GDN network (c. three per 

cent), and own-use gas14 (c. two per cent).15 Under the Unified Network Code (UNC), 

GDNs are responsible for purchasing gas to replace the gas lost through shrinkage,16 and 

we fund companies to purchase reasonable levels of gas shrinkage in setting price limits. 

2.28. For GDPCR1, we set a cost allowance for shrinkage based on a forecast volume of 

gas losses (expressed in GWh), multiplied by the day-ahead gas commodity price. The 

shrinkage allowance provides an incentive for GDNs to outperform the forecast volume 

of gas shrinkage. If GDNs reported shrinkage is below the allowed volume, they retain 

the cost saving. Likewise, if reported shrinkage is above the allowed volume, GDNs incur 

the cost of purchasing the additional gas. 

2.30. The forecast volume of gas shrinkage is based on a model of the GDNs’ networks 

(‘shrinkage model’). The industry developed the model following extensive research into 

the relationship between network characteristics (eg asset age, pipeline material, system 

pressure etc.) and leakage levels. The model also includes a fixed assumption in relation 

to the level of theft and own use gas on the GDN networks. Under the GDNs’ Licence 

Conditions, the GDNs need to obtain approval of their model from us, and any model 

changes are subject to consultation with shippers prior to our approval.18 

2.31. During the price review, the GDNs first estimate and then calculate the modelled 

level of shrinkage on an annual basis, and GDNs purchase the modelled level of 

shrinkage and report this level to shippers.19 As set out above, the GDNs incur the 

volume risk associated with deviations in the modelled shrinkage volume relative to the 

allowed level funded within the revenue cap. 

 

2.32. In addition to the shrinkage allowance described above, at GDPCR1 we also 

adopted an Environmental Emissions Incentive (EEI) with regard to gas leakage (but not 

the theft or own-use elements of shrinkage). This mechanism ensures that GDNs also 

consider the carbon costs associated with gas leakage in managing leakage. If GDNs 

report leakage levels below the forecast level, the EEI allows them to capture the 

environmental benefit associated with the reduction in carbon emissions. Likewise, if the 

volume of leakage is higher than forecast, GDNs incur the associated environmental 

cost. 

2.33. At GDPCR1, we adopted an incentive value of around £30/MWh based on the 

government’s carbon valuation at the time.20 This value reflects the fact that methane 

leaked to air has an associated environmental cost around 21 times the environmental 

cost of CO2 emissions.21 However, to reflect the uncertainty with regard to setting 

leakage baselines and the high environmental value associated with methane released to 

air, we adopted a revenue cap and collar equal to ten per cent of the allowed level of 

leakage. 

2.35. To inform our proposals for RIIO-GD1, we have undertaken a review of the 

companies’ performance over the last two years22 with regard to the shrinkage allowance 

and EEI. Our analysis indicates that GDNs have achieved significant reductions in the 

volume shrinkage. In 2009-10 all GDNs beat their leakage and shrinkage allowances.23 

This resulted in the GDNs earning rewards under the EEI of approaching £8m pounds 

across all GDNs, with some licensees earning over £1m each (equivalent to a return of 

around 20 basis points on regulated equity). 

2.36. From our discussions with GDNs, we understand that their outperformance is 

primarily a result of investment in improved pressure management. Investment in these 
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systems by GDNs has led to a step change in performance against the shrinkage and 

leakage allowances. However, we expect GDNs’ ability to outperform the allowed targets 

to diminish over GDPCR1, and indeed to diminish in subsequent review periods. We will 

need to be diligent in setting companies’ shrinkage allowances at future reviews, and set 

challenging allowances to ensure that customers only finance reasonable gas shrinkage 

costs. 

2.41. As described above, at GDPCR1 the environmental emissions incentive was subject 

to a revenue cap and collar equal to ten per cent of the forecast cost of leakage. The ten 

per cent limit equated to a revenue cap and collar of around £11m p.a. for the industry 

as a whole. At the time, we considered the adoption of a cap and collar was prudent to 

reflect the uncertainty with regard to forecasting leakage allowance, and thus the 

potential for high rewards or penalties. 

 

2.42. The potential change to the repex programme following the HSE review – which 

has implications for the GDNs’ ability to forecast future gas losses with certainty – 

provides a potential rationale for retaining the cap/collar for the EEI. We also need to 

consider if we should introduce a cap/collar on the shrinkage allowance mechanism for 

the same reasons, ie to address uncertainty over the repex programme and to mitigate 

any potential windfall gains or losses from forecasting errors. The downside of 

introducing caps/collars is that this undermines companies’ incentives to minimise losses 

when the cap/collar is reached. 
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From: Decision on strategy for the next gas distribution price control - RIIO-GD1 Outputs 
and incentives 
 
3.42. Shrinkage refers to gas which is lost from the transportation network. It is the dominant element of 
companies‟ business carbon footprint and accounts for more than 0.75 per cent of GB greenhouse gas 
emissions.3 Shrinkage comprises leakage from pipelines (around 95 per cent of gas losses), theft from the GDN 
network (approximately three per cent), and own-use gas4 (approximately two per cent). Under the Unified 
Network Code (UNC), GDNs are responsible for purchasing gas to replace the gas lost through shrinkage.5  

3.43. We have a two part incentive mechanism in place to encourage the GDNs to manage the shrinkage on 
their networks to efficient levels.  
The shrinkage allowance funds companies for the cost of purchasing set volumes of gas to account for 
shrinkage and incentivises the companies to reduce the volume of gas lost from the network and have an 
efficient purchasing strategy to replace this lost gas.  

The Environmental Emissions Incentive (EEI) additionally incentivises the companies to manage gas leakage 
to the environment, using an incentive rate based on the social value of carbon.  
 
3.44. We also fund the GDN at the price review to replace iron mains, which the GDNs agree with the HSE. One 
of the key benefits to the repex programme is a reduction in network losses. As set out in Chapter nine, we 
also require companies to develop a broad approach to asset management, where they optimise their  

 
investment programmes based on an assessment of risk across all asset classes, including environmental risk 
(eg expected carbon abatement). The shrinkage allowance and EEI incentivise the companies to consider 
initiatives to reduce shrinkage during the price control period, in addition to the investment schemes that we 
will fund at the price control designed to address environmental risks.  
 

 
3.48. Respondents agreed with our proposals to retain the existing shrinkage incentive. They commented that 
this represented a continuation of the current incentive structure and considered that this had worked well in 
encouraging investments to reduce the largest component of GDNs' carbon footprint. Customer groups 
commented that we should exercise caution when assessing shrinkage baselines to ensure that GDNs do not 
reap any windfall gains under the incentives.  

 
3.54. We will remove the cap and collar from the shrinkage allowance. Having reviewed responses, we agree 
that this is not a suitable mechanism to deal with any uncertainty over the repex programme. If the HSE review 
results in a significant change to the repex programme then we will review the shrinkage and leakage baselines 
(along with cost allowances associated with repex) and re-set baselines where appropriate.  

3.55. We remain committed to the use of actual shrinkage data as the basis for reporting shrinkage in RIIO-
GD2. We acknowledge respondents' views that there are uncertainties in this area, particularly over the timing 
of when smart meter data will be available. In response to these views, we intend to modify our proposed 
licence condition in this area. Rather than introducing a strict licence condition requiring companies to use 
actual leakage data as the basis for the Environmental Emissions Incentive (EEI) and shrinkage allowance in 
time for RIIO-GD2, we intend to introduce a licence condition on the GDNs requiring them to report to us 
(collectively) the following information on a biannual basis:  
the status of the smart meter roll out  

their assessment of the suitability of smart meter data as the basis for the shrinkage data  

the steps they are taking to ensure they have access to these data  

how they intend to use these data (eg re-calibrating their shrinkage model).  
 
Our decision  
3.66. We will retain the structure of the EEI and increase its value in line with DECC's non traded cost of 
carbon. This will result in the following incentive values for each year of RIIO GD1.  
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Table 3.2: 
Environmental 
emissions 
incentive 
values (pre-
tax, 2009 

prices) Year  

2013
-14  

2014-15  2015-16  2016-17  2017-18  2018-19  2019-20  2020-21  

£ per MWh  62.7
3  

63.66  64.59  65.54  66.55  67.50  68.53  69.61  
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ANNEX 2 GSA details 

Consider the square integrable function ( )f x  defined in the unit hypercube 
dH =[0,1]d . The 

decomposition of ( )f x   

0 12 1

1 1

( ) ( ) ( , ) ( , , )
n n n

i i ij i j d d

i i j i

f f f x f x x f x x
  

     x , (1) 

where 

1

0

0

( )f f x dx          

is called ANOVA decomposition if conditions  

1

1

...

0

0
s ki i if dx          

are satisfied for all different groups of indices 1,..., si i  such that 1 21 ... si i i n      [3]. These 

conditions guarantee that all terms in (1) are mutually orthogonal with respect to integration. 

The variances of the terms in the ANOVA decomposition add up to the total variance: 
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where components 
1 1 1 1

2

... ... ( ,..., ) ...
ss s s si i i i i i i i

H
D f x x dx dx   are called partial variances. 

Sobol’ main effect global sensitivity indices are defined as ratios 

1 1... ... /
s si i i iS D D .        

Further we will consider sensitivity indices for a single index: 

i iS D D .         

Total partial variances account for the total influence of the factor ix : 

1... s

tot

i i i

i

D D
 

 ,        

where the sum 
i 

  is extended over all different groups of indices 1,..., si i  satisfying condition 

1 21 ... si i i d     , 1 s d  , where one of the indices is equal i . The corresponding total 

sensitivity index is defined as 

tot tot

i iS D D .         
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Denote 
~ 1 1 1( ,..., , ,..., )i i i dx x x x x   the vector of all variables but ix , then 

~( , )i ix xx  and 

~( ) ( , )i if f x xx . 

~( ) ( )
di i i o

H
f x f dx f  x        

2
2

~[ ( )] ( )
d d di i i i i o i

H H H
D f x dx f dx f dx   

    x     

2
2

~ 0( )
d di i i

H H
D f dx dx f  

   x       

Sobol’ suggested the following Monte Carlo algorithm for the estimation of
y yS D D

Sy = Dy D⁄ . Given x  and x  being two independent sample points ( , )x y z  and ( , )x y z   ， 

yD  is calculated using the following formula: 

2

0( ) ( , )yD f x f y z dxdz f        (2) 

In this case, the Monte Carlo estimator for (2) has a form: 

2

1 1

1 1
( , ) ( , ) ( , )

N N

y

k k

D f y z f y z f y z
N N 

 
   

 
  ,   (3) 

where N  is a number of sampled points.  

Kucherenko et al [4] proposed a new formula for sensitivity indices for sensitivity indices 

which is especially efficient in the case of indices with small values. He noticed that 2

0f  in (4) can be 

computed as 

2

0 ( ) ( )f f x f x dxdx        (4) 

Substituting (3) into (2) and taking out a common multiplier ( )f x , we obtained a new integral 

representation for
yD : 

 ( ) ( , ) ( )yD f x f y z f x dxdx         (5) 

and the corresponding Monte Carlo estimator: 

 
1

1
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N

y
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        (6) 

 

[1] Sobol' I, Kucherenko S. Global sensitivity indices for nonlinear mathematical models. Review. 

Wilmott Mag 2005;1:56-61. 

[2]  

[3] Sobol’ I. Global sensitivity indices for nonlinear mathematical models and their Monte Carlo 

estimates. Math Comput Simul 2001;55(1–3):271–80. 

[4] Kucherenko S, Feil B, Shah N, Mauntz W. The identification of model effective dimensions using 

global sensitivity analysis Reliability Engineering and System Safety 96 (2011) 440–449 
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