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capacity as consultants in accordance with the terms and conditions of Jacobs’ contract with the commissioning party (the 
“Client”) and in accordance with the terms and conditions within framework FA07-02A.

Regard should be had to those terms and conditions when considering and/or placing any reliance on this document. 
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Executive Summary
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This project was commissioned by four sponsoring companies: Northumbrian Water, Anglian 
Water, Wessex Water and Affinity Water.

The project addressed four inter-related concerns with the current regulatory framework which 
relate to capital maintenance and risks to future outcomes. It comprised two workstreams:

▪ Workstream 2 led by Reckon reviewed challenges and proposed five packages of reform.

▪ Workstream 1 led by Jacobs identified and assessed metrics to:

− Objective 1: Assess how well existing metrics help to reveal future asset health risks and to 
identify the characteristics of metrics that would help to close any gaps.

− Objective 2: Understand what types of metrics could be used to improve regulation of capital 
maintenance.

▪ To deliver Workstream 1, we compiled, analysed and evaluated more than 400 metrics 
from the water sector and other sectors. We then defined five categories of metrics that 
could be taken forward for further development alongside the Workstream 2 packages.

Aims and approach

▪ 456 metrics reviewed, 315 of these unique and 267 of these from the water sector.

▪ All metrics ‘tagged’ to eight lenses and all metrics assigned Red/Amber/Green scores 
against seven evaluation criteria.

▪ Most of the metrics relate to Resistance and Reliability (the components of resilience 
most closely associated with asset health). There are very few forward-looking metrics. 

Data

We identified eight categories of metrics and indices that we think could help to reveal 
future risks associated with asset health. Five of these categories are higher priority (as 
they have more relevance to the recommended packages developed in Workstream 2).

Findings

Resistance Reliability Redundancy Response and 
Recovery

Retrospective 163 135 39 30

Present-focus 37 38 8 3

Forward-looking 22 22 11 4

Combination 2 2 1 0

Note: table shows 
number of metrics. 
A metric can relate 
to more than one 
component of 
resilience. 

Time lens Resilience 
lens

Resistance and 
reliability metrics

C1
Focus on the 
components of 
resilience which 
have the closest 
link to asset health.

Examples: 
condition grade, 
equipment failures

Asset life metrics 
and indices

C2
Which calculate or 
indicate remaining 
asset life in some 
way.

Examples: cost per 
year of life, Base 
Asset Health.

Risk indices

C3
Which calculate an 
asset risk score 
often then 
summarised into 
risk categories.

Examples: asset 
risk / network risk 
(NARM), CRI.

Outcome-based 
metrics

C4
Which measure 
outcomes to 
customers and/or 
the environment.

Examples: sewer 
flooding, pollution 
incidents.

Qualitative, multi-
dimension indices

C5
Which assign 
qualitative scores 
to a set of discrete 
categories.

Examples: Overall 
Equipment 
Effectiveness.

Type of metric

Packages from Workstream 2

P1
Base cost models 

with improved 
process for Ofwat 

review of company 
proposals for 

additional 
investment in asset 

health

P2
Base cost models with 
forward-looking and 

dynamic industry-
wide adjustments and 
enhanced incentives 

on long-term 
performance

P3
Ofwat-owned 
assessment of 

capital 
maintenance with 

enhanced 
incentives on 

long-term 
performance

P4
NARM-based 
funding and 

delivery 
accountability 
arrangements

P5
Regulatory review 
of business plans 

for capital 
maintenance with 

granular PCDs

Summary of metric types 
required under each package 
and links to Objective 1 
categories

Focus of P1 is on 
refinement to 

existing approach. 
No fundamentally 

new metrics needed.
Review of activity 

metrics also 
required.

P2 Interested in a 
range of evidence

P3 Interested in a 
range of 

evidence..

P4 is primarily 
focused on risk 

metrics.

Fundamentally a 
different 

approach –
potentially all 
metric types 

could be 
important. 

Linking Packages to Categories 
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A: asset types: 

▪ A consistent approach to asset health reporting will require the sector to agree and align with a common 
taxonomy and classification of asset types. The sector will need to decide whether all asset classes require 
improved approaches to health assessment and which to do first.

B: future uncertainty: 

▪ The LTDS Common Reference Scenarios recognise that the future is uncertain. To help meaningfully integrate 
asset health into a planning process it may be necessary to agree a small number of common scenarios than can 
used to expose performance, service or outcomes under different futures.

C: new regulatory approach concerns: 

▪ There will be concerns, which may slow progress, about the implications for different stakeholders of adopting 
new packages (of ways) to improve regulation of capital maintenance. Hindcasting methodologies could be 
developed for packages of improvements to validate expected outputs and behaviours. 

▪ Implementing a form of ‘shadow’ reporting to put information in public domain e.g. for NARM and Remaining 
Asset Service Life approach may build the confidence of stakeholders ahead of regulatory changes. 

D: asset interventions: 

▪ Presenting consistent and comparable capital maintenance interventions scenarios will help expose perceived 
maintenance backlogs and future needs and trade-offs. Develop guidance for consistent and comparable 
maintenance intervention forecasts. e.g. Do nothing, Maintain at historic levels, Maintain at sustainable level. 
This will help to expose asset health, performance and service trade-offs for different interventions levels. 
Demonstrating links between metrics and outcomes will help communicate with stakeholders

E: common approaches and assurance: 

▪ All stakeholders will benefit from assurance that the approaches are used in a consistent way and seek to be 
assured that the projections and forecasts of capital maintenance requirements are transparent and based on 
appropriate assumptions and evidence. 

▪ Achieving consistency of  approach will require reporting guidance and assurance processes to apply check and 
balances to packages of asset health metrics and capital maintenance information. 

Recommendations
We have defined a series of recommendations for the five higher priority metric categories as to how they could be addressed. Our report also identified several common 
challenges that need to be considered if future asset health risks are to be revealed. We have identified recommended activities to address each common challenge.​

Category Recommendations Timing

C1. Individual 
resistance 
and reliability 
metrics

• Define a package of reliability and resistance 
metrics for each asset category.

Q3/Q4 24

• For higher criticality asset categories first, 
develop methodologies to produce forecasts 
of existing or new metrics under defined 
future scenarios. 

2025

C2. Asset life 
metrics and 
indices

• Consider different approaches to monetise 
end of life assessments.

Q3/Q4 24

• Evaluate how risk could be included in the 
metric, e.g. refining the idea of tolerable 
service life.

Q3/Q4 24

• Test the application of asset life assessments 
under different future scenarios.

2025

C3. Risk 
indices

• Engage other sectors to understand 
strengths and weaknesses of existing indices.

Q3/Q4 24

• Design and test a risk metric for a selected 
asset category / categories.

2025

C4. 
Outcome-
based 
metrics

• Map outcome-based metrics to resistance 
and reliability metrics.

Q3/Q4 24

• Review how outcome-based metrics were 
projected into the future in business plans.

2025

C5. 
Qualitative, 
multi-
dimensional 
indices

• Engage other sectors to understand 
strengths and weaknesses of existing indices.

Q3/Q4 24

• Consider role for a performance dashboard 
linked to other categories of metric/index 
which provide specific information about 
asset health.

2025

Metric Recommendations Common Challenges
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This project was commissioned by four sponsoring companies: Northumbrian Water, Anglian Water, 
Wessex Water and Affinity Water.

The overall problem that the project was directed at was a set of four inter-related concerns with the 
current regulatory framework which relate to capital maintenance and risks to future outcomes. The 
initial phase of the project comprised two pieces of research:

▪ A workstream led by Reckon (Workstream 2) investigated potential problems with Ofwat’s current 
regulatory framework, regarding the treatment of capital maintenance expenditure, asset health 
and risks to customer service and environmental outcomes in the future. It explored potential 
reforms to the regulatory approach to tackle these problems, including changes to the approach 
to cost assessment and incentives.

▪ A workstream led by Jacobs (Workstream 1) identified and assessed a range of metrics that could 
help to reveal current and future asset health risks and historical trends in asset health, including 
metrics that could support the potential changes to the regulatory approach identified in 
Workstream 2.

Aim of Jacobs’ workstream: to support the development of an approach to secure long-term 
resilience of assets and service from sustainable levels of capital maintenance through the 
development of suitable asset health and/or resilience metrics.

In this context, we had two primary objectives:

1. To assess how well existing metrics help to reveal future asset health risks and to identify the 
characteristics of metrics that would help to close any gaps.

2. To understand what types of metrics could be used to improve regulation of capital 
maintenance (linking to Workstream 2).

Problem statement
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The tasks of the Jacob’s workstream were defined as follows:

1. Identify a long-list of asset health metrics by reviewing approaches from selected jurisdictions and asset-
intensive sectors. 

2. Identify the criteria that a desirable set of asset health metrics should satisfy. 

3. Identify a short list of asset health metrics by applying the evaluation criteria to the long-list. 

4. For each of the short-listed metrics / packages, develop a workplan for their implementation. 

5. Deliver a workshop with key stakeholders to present findings and prepare a slide deck to summarise outputs.
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Context to the project
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Several existing policies, positions and commissions have relevance to this project and have helped frame our analysis. 
They set expectations and/or steer around asset health and/or the regulatory framework related to capital 
maintenance.

This context includes:

▪ Government’s strategic priorities for Ofwat.

▪ The perspectives of the National Infrastructure Commission.

▪ How asset health expenditure is set under the current regulatory framework.

▪ Ofwat’s position on how the current regulatory framework could be improved.

▪ A newly commissioned UKWIR project on asset health.

This context is explored on the following slides.

Additional context related to asset management decision making is provided in Appendix A. 
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▪ One of Government’s priorities for Ofwat is that it should challenge the water industry to plan, invest in, and operate its water and wastewater services to secure the 
needs of current and future customers, in a way which delivers value to customers, the environment and wider society over the long-term.

▪ Government believes Ofwat should promote efficient investment, ensuring it is made in a way that secures long-term resilience and protects and enhances the 
environment, whilst delivering value for money for customers, society and the environment over the long-term.

▪ Government believes water companies must rigorously assess and improve their resilience, including existing assets’ health, to a full range of hazards.

▪ Good asset management is a key factor in delivering long-term resilience. Government expects companies to demonstrate a clear understanding of the health of their 
assets over the long-term and how this impacts the resilience of their services.

▪ Government expects Ofwat to promote good asset management and challenge companies to better understand the health of their assets and adopt a strategic and
long-term approach.

February 2022: The government’s strategic priorities for Ofwat - GOV.UK (www.gov.uk)

Context: Second National Infrastructure Assessment
The National Infrastructure Commission (NIC) published its second National Infrastructure Assessment in October 2023. It states that by 2025, Government should:

▪ Following advice from regulators, publish a full set of outcome-based resilience standards for energy, water, digital, and transport services, committing to future reviews 
every five years.

▪ Require regulators to ensure their determinations in future regulatory settlements are consistent with operators meeting these resilience standards in the short and 
longer term.

▪ Require regulators to put in place a system for cross sector stress testing which addresses interdependencies and the risk of cascade failures.

Government is yet to formally respond to the second National Infrastructure Assessment.

Second National Infrastructure Assessment - NIC

https://www.gov.uk/government/publications/strategic-policy-statement-to-ofwat-incorporating-social-and-environmental-guidance/february-2022-the-governments-strategic-priorities-for-ofwat
https://nic.org.uk/studies-reports/national-infrastructure-assessment/second-nia/#tab-appendixb
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▪ At PR19, Ofwat benchmarked asset health expenditure together with other costs using a set of econometric benchmarking 
models. The models are intended to allow a  comparison of the costs incurred by different companies on a like-for-like basis. 
Ofwat uses the models to determine the efficient level of expenditure (based on the ‘upper quartile’ company), and then sets 
a cost allowance for each company.

▪ Ofwat's cost assessment models do not use information on asset health as an explanatory cost driver, so this information is 
not part of its cost assessment process. 

▪ Separately Ofwat does consider and set a small number of asset health performance commitments with associated 
incentives under the outcome delivery incentive regime, namely, mains repairs, unplanned outages, and sewer collapse. These 
metrics only cover a subset of assets and do not account for the criticality of those assets.

▪ Companies are able to make cases for additional funding to maintain the health of their assets, either as part of a cost 
adjustment claim, or as part of an enhancement case, where appropriate. 
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At PR19, the Competition and Markets Authority (CMA) acknowledged Anglian’s and Northumbrian’s argument that Ofwat’s cost assessment is 
backward looking and that potential issues with capital maintenance may be forward looking. It suggested that Ofwat considers developing 
indicators to track this issue and to enable it to enhance its analysis with a forward-looking element that will assist in triangulating results from its 
econometric modelling of historic costs.

Ofwat’s position is that:

▪ The available data shows that asset replacement rates have decreased over time, but base expenditure has generally increased in real terms and 
performance has improved. 

▪ Hence, the decrease in asset replacement rates may be the result of changes in company asset management strategies, perhaps driven by the 
introduction of the totex regulatory framework.

▪ Ofwat sees no evidence/data at present that the network is deteriorating, and/or that the rate of asset deterioration will be faster in the future 
because of factors such as climate change.

▪ Therefore, what evidence can be presented to demonstrate that the future is different to the past, and how can we understand if the rate of 
asset deterioration will increase/decrease in the future?

▪ Ofwat does not consider separate capital maintenance modelling is an option worth considering as it would not be in line with its totex 
regulatory framework (i.e., it may cause a capex bias, which may not be optimal). 

▪ Ofwat considers that the development of forward-looking asset health indicators (as recommended by the CMA) may be helpful in 
demonstrating that the future is different to the past, in addition to evidence of efficient past investment.
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▪ The current approach to monitoring operational resilience 
relies primarily on the outcomes regime (which includes a 
small number of asset health performance commitments) 
alongside reporting of some additional measures collected 
through company annual performance reports such as 
blockages and mains repairs.

▪ While the outcomes regime does capture the impact of a 
company's failure to mitigate risks when they have an 
impact on service, it focuses on performance at a point in 
time. Therefore, it may not always provide the breadth and 
depth of information needed to gain insight into the 
effectiveness of a company's approaches to maintaining 
assets or managing current and future risks.

▪ Wider monitoring, conducted outside of the price review, 
should provide further insight to form a holistic and more 
complete view of asset health and wider operational 
resilience in the sector. Ofwat is therefore proposing to 
develop an integrated monitoring framework.

Operational resilience discussion paper - Ofwat

https://www.ofwat.gov.uk/publication/operational-resilience-discussion-paper/
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▪ UKWIR has commenced a project titled Definition and Calculation of Asset Health.

▪ It aims to develop:

− A broadly accepted set of definitions of all relevant aspects of asset health for the Water Industry.

− A broadly accepted taxonomic set of asset classes or types to be used in comparative assessment of asset health.

− A set of nominal expected asset lives at appropriate asset classes or types to be used in assessing asset health.

− Outline best practice approach for operational determination of asset health for key asset classes and types.

− Identify monitoring and intervention activities that have delivered a measurable increase in asset longevity.



Definitions and concepts
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Informed by discussions with project stakeholders, we have created a set of definitions of key terms used on this 
project.

The following slides also cover some of the concepts that inform or are used by the project:

▪ Capital maintenance and enhancement

▪ Asset health

▪ Resilience

▪ The relationship between asset health and resilience

▪ Risk and criticality
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Term Definition Source

Asset Item, thing or entity that has potential or actual value to an organisation. Ofwat AMMA lexicon

Asset health Asset health is an indicator of a company’s ability to continue to perform its functions for the benefit of customers, the environment and wider society now 
and in the future. Poor asset health is when assets are allowed to deteriorate to a point where the risk of failures (which will impact on customers, the 
environment and wider society) exceeds the company’s risk tolerance. 

Ofwat AMMA lexicon

Operational 
resilience

The ability of an organisation’s infrastructure, and the skills which run that infrastructure, to avoid, cope with and recover from, disruption in its performance. Ofwat AMMA lexicon

Asset management Coordinated activity of an organisation to realise value from assets. Ofwat AMMA lexicon

Metric A specific piece of data that can be monitored. Desired performance levels can be relatively easily assigned to these metrics. This project

Indicator A more generalised measure or narrative of performance against which desired performance levels are harder to define. This project

Index Several metrics and/or indicators which are combined into a single score / performance grading. This project

Asset performance Measures achievement and effectiveness of assets. An asset performance indicator is a quantity which reflects the performance of an asset or group of assets 
in fulfilling its intended function*.

UKWIR Common 
Framework (page 8)

Service A quantity which may be measured, calculated or estimated in order to provide an indication of a particular aspect of the service being provided by the 
service provider to customers and the environment.

UKWIR Common 
Framework (page 8)

Serviceability In the context of the Common Framework is either a service indicator or asset performance indicator which is used for the justification of capital maintenance 
expenditure in the context of the periodic review. 

UKWIR Common 
Framework (page 8)

Organisational 
capability

A metric, indicator or index which assesses the general capability of an organisation in some way. This project

Asset condition The physical state of an asset at a point in time. This project

Wellness The ability of an asset to deliver its function under normal conditions. UU BAH

Fitness The ability of an asset to deliver its function outside normal conditions, considering external pressures and forcing factors from its environment. UU BAH

Life expectancy The period of time over which an asset can deliver its function under and outside of normal conditions. UU BAH

Leading A forward-looking indicator that is specifically a predictor of future performance. Ofwat AMMA lexicon

Lagging An indicator that is based on past performance data. Lagging indicators may be used as a backward-looking predictor of future performance. Ofwat AMMA lexicon

https://www.ofwat.gov.uk/publication/asset-management-maturity-assessment-lexicon/
https://www.ofwat.gov.uk/publication/asset-management-maturity-assessment-lexicon/
https://www.ofwat.gov.uk/publication/asset-management-maturity-assessment-lexicon/
https://www.ofwat.gov.uk/publication/asset-management-maturity-assessment-lexicon/
https://ukwir.org/eng/reports/02-RG-05-3/66808/Capital-Maintenance-Planning-A-Common-Framework-Volume-1-Overview
https://ukwir.org/eng/reports/02-RG-05-3/66808/Capital-Maintenance-Planning-A-Common-Framework-Volume-1-Overview
https://ukwir.org/eng/reports/02-RG-05-3/66808/Capital-Maintenance-Planning-A-Common-Framework-Volume-1-Overview
https://ukwir.org/eng/reports/02-RG-05-3/66808/Capital-Maintenance-Planning-A-Common-Framework-Volume-1-Overview
https://ukwir.org/eng/reports/02-RG-05-3/66808/Capital-Maintenance-Planning-A-Common-Framework-Volume-1-Overview
https://ukwir.org/eng/reports/02-RG-05-3/66808/Capital-Maintenance-Planning-A-Common-Framework-Volume-1-Overview
https://www.unitedutilities.com/globalassets/documents/pdf/united-utilities-asset-health-framework.pdf
https://www.unitedutilities.com/globalassets/documents/pdf/united-utilities-asset-health-framework.pdf
https://www.unitedutilities.com/globalassets/documents/pdf/united-utilities-asset-health-framework.pdf
https://www.ofwat.gov.uk/publication/asset-management-maturity-assessment-lexicon/
https://www.ofwat.gov.uk/publication/asset-management-maturity-assessment-lexicon/
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▪ Capital maintenance is the renewal or refurbishment of capital assets in order to provide continuing service to customers and the environment 
consistent with current regulatory obligations.

▪ As such, capital maintenance could consider:

− The refurbishment of an existing asset.

− The replacement of an existing asset with the same asset.

− The replacement of an existing asset with a similar asset.

− The replacement of an existing asset with an asset of different type or design.

− The reconfiguration of the system to provide the required service by other means.

▪ Capital maintenance excludes investments aimed at either meeting new obligations (e.g. ‘quality’) or providing additional capacity to satisfy 
growth (e.g. ‘supply/demand balance’).

▪ Capital maintenance relates to:

− Capital maintenance which meets the regulatory requirement for steady or improving service at least-cost (cost-effective) base maintenance.

− Capital maintenance which meets the regulatory requirement for steady or improving service at least-cost and improves that service where the cost of the 
improvements are outweighed by their value to customers (cost-benefit) enhancement maintenance.

CAPITAL MAINTENANCE PLANNING: A COMMON FRAMEWORK - VOLUME 2: THE COMMON FRAMEWORK PLANNING PROCESS (ukwir.org)

▪ Enhancement expenditure relates to expenditure allocated for improving the capacity or quality of a service beyond current levels:

− Enhancement expenditure aims to create a permanent increase or step change in services or provision of existing service levels to new customers.

− Companies may be allocated enhancement funds to improve resilience and meet new statutory obligations such as:

▪ Resilience to low probability high consequence events, interconnections for drought resilience and expenditure to meet lead standards.

▪ Phosphorus removal, schemes to increase full flow to treatment, storm tank capacity and storage to reduce spill frequency.

https://ukwir.org/eng/reports/02-RG-05-3/66838/CAPITAL-MAINTENANCE-PLANNING-A-COMMON-FRAMEWORK--VOLUME-2-THE-COMMON-FRAMEWORK-PLANNING-PROCESS
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▪ Asset health is an indicator of a company’s ability to continue to perform its functions for the benefit of 
customers, the environment and wider society now and in the future. 

▪ In the Targeted Review of Asset Health in 2017, there was broad agreement across companies that ‘asset health’ 
is a much richer concept than ‘asset condition’ in that it needs to consider not only the physical state of the 
asset, but also the performance, role and importance of the asset in ensuring that service performance targets 
and customer expectations can be met. 

▪ Asset health is part of a wider concept of resilience.

▪ Resilience is the ability to cope with, and recover from, disruption and anticipate trends and variability in 
threats, in order to maintain services for and protect people and the natural environment now and in the future. 
Resilience applies at different levels, for example asset resilience, system resilience or portfolio resilience. 

▪ The 4 ‘R's - resistance, reliability, redundancy and response and recovery are key to resilience:

− Resistance and reliability are important in asset resilience.

− Redundancy and response and recovery are important in system / network resilience. 

Targeted Review of Asset Health and Resilience in the Water Industry - report from CH2M – Ofwat

https://www.ofwat.gov.uk/publication/targeted-review-asset-health-resilience-water-industry-report-ch2m/
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Asset Resilience System Resilience
Performance and 

Service

Reliability Resistance Redundancy
Response to 
Emergencies

Asset Health
Operating 

Requirements

Asset 
Characteristics

Maintenance 
Regimes

Environmental 
conditions

System 
Characteristics

Organisational 
Characteristics

Age

Materials

▪ Asset health best aligns with 
the Reliability and Resistance 
components of the 4 ‘R’s of 
resilience.

▪ A version of this diagram first 
appeared in the Ofwat 
Targeted Review of Asset 
Health in 2017.

▪ The diagram was used in 
Ofwat’s Operational Resilience 
discussion paper in 2022.

Ofwat-Operational-resilience-discussion-paper-April-
2022-1.pdf

https://www.ofwat.gov.uk/wp-content/uploads/2022/04/Ofwat-Operational-resilience-discussion-paper-April-2022-1.pdf
https://www.ofwat.gov.uk/wp-content/uploads/2022/04/Ofwat-Operational-resilience-discussion-paper-April-2022-1.pdf
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▪ Risk is defined as the likelihood that a hazard will actually cause its adverse effects, together with a measure of 
the potential impact.

▪ Risk-based planning is established in the sector and requires understanding consequence of failure and 
criticality of assets.

▪ Several of the approaches companies use to understand and act on asset health also consider criticality.

▪ The Targeted Review of Asset Health (2017) found that there were a range of views and processes used to 
qualify and quantify criticality. Asset criticality measures have been developed for infrastructure and non-
infrastructure assets, but there is no consistent approach across:

▪ All assets groups.

▪ All companies.

▪ High failure rate and low failure rate assets.

▪ Assets, facilities, systems and systems of systems.

▪ In the more recent AMMA (2021), Ofwat found that many companies were in the process of defining their 
critical and non-critical assets or using that information to inform their data collection processes.

https://www.ofwat.gov.uk/wp-content/uploads/2021/10/AMMA_Insights_And_Recommendations_Report.pdf

https://www.ofwat.gov.uk/wp-content/uploads/2021/10/AMMA_Insights_And_Reccomendations_Report.pdf
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Service / Asset

Base Asset Health

Metric types which could 
be used to refine 

regulation

Retrospective/Present-
focus/Forward-looking

Metric / Index

Resilience type

Price controls / Asset 
types

Asset 
classes

Existing 
asset 

health 
related 

metrics in 
the water 

sector

Existing 
asset 

health 
related 

metrics in 
other 

sectors

Metrics Evaluation Criteria

1 2 3 4 5 6

Metric 1 ✓ ✓

Metric 2 ✓ ✓ ✓

Metric 3 ✓ ✓

Metric 4 ✓ ✓ ✓

Metric 5 ✓ ✓

Metric 6 ✓ ✓

Category 1

Compile Analyse Evaluate Appraise Consolidate

Category 2

Category 3

etc

Iterate

Project methodology
Jacob’s work applied the following methodology and incorporated regular engagement with the Steering Group and Working Group, and 
collaboration throughout with Workstream 2.

Le
n

se
s 

o
f 

a
n

a
ly

si
s Source
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Compiling and analysing asset 
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Compiling asset health and resilience metrics

We reviewed a range of water industry and other industry documentation to compile a long list of metrics and asset health 
approaches.

Number

Raw list of metrics/indices and approaches 456

Unique metrics / indices 315

Of which, from the water sector 267

Of which, from other sectors 48

Our reviewed sources* included (but were not limited to):

▪ Ofwat publications concerning current and past price reviews, annual performance reporting, asset management and 
resilience.

▪ Performance reporting by the DWI and the Environment Agency.

▪ Asset management publications by water companies in England and Wales and research bodies (UKWIR).

▪ Publications related to asset health and asset management from other sectors (highways, rail, electricity and gas) and other 
geographies (Scotland, Australia, Global – International Water Association).

*all sources listed in Metrics Workbook, see Appendix C

27
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Analysing asset health and resilience metrics
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Service / Asset Service Asset / system Maintenance

Base Asset 
Health

Wellness Fitness Life expectancy

Metric types which 
could be used to 
refine regulation

Retrospective/ 
Present-focus/ 

Forward-looking
Retrospective Present-focus

Metric / Index Metric Index

Resilience 
type

Resistance Reliability Redundancy
Response and 

recovery

Price controls 
/ Asset types

Multiple asset classes 
aligned to Water 

Resources

Multiple asset classes 
aligned to Water 

Network+

Multiple asset classes 
aligned to Wastewater 

Network+

Multiple asset classes 
aligned to 

Bioresources

We have categorised the asset health and resilience metrics in our long list through the following lenses:

Organisational 
capability

Source
England and 
Wales water 

sector
Other sectors

Inventory Activities

Observed 
asset failures 

/ under-
performance

Modelled 
probability of 

failure or 
under-

performance

Asset age
Remaining 
asset life

Condition 
data

Redundancy
Response & 

Recovery
Risk metrics

Remaining 
life vs target 

life

Organisa-
tional

capability

Overall 
outcomes

Outcomes 
attributed to 
other causes

Modelled 
probability 

of outcomes

We have also tagged all metrics to 
one or more of 29 asset classes.

Forward-
looking

Combination

Outcomes 
attributed to 
asset failure

This paper by United Utilities explains the Base 
Asset Health concept - Asset Health Framework 
(unitedutilities.com)

Lenses Tags

https://www.unitedutilities.com/globalassets/documents/pdf/united-utilities-asset-health-framework.pdf
https://www.unitedutilities.com/globalassets/documents/pdf/united-utilities-asset-health-framework.pdf
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Service / 
Asset

Base Asset 
Health

Metric types which 
could be used to 
refine regulation

Retrospective/ 
Present-focus/ 

Forward-looking
Metric / index

Resilience 
type

Price controls 
/ Asset types

Source

▪ Some of the lenses (and their associated tags) were easier to apply than others.

▪ The process of applying tags within lenses to metrics is subjective and different people will categorise in different ways. 
We have tried to manage this through review and challenge.

▪ We found many more metrics focussed on asset health/performance than system health/performance. This might make it 
hard to distinguish between companies where resilience is delivered through more resistance/reliability versus those with 
more redundancy/response and recovery.

▪ It was hard to find metrics that helped us distinguish between Wellness and Fitness. Many metrics could apply to either, 
under different circumstances. This observation also applies to some of the other lenses (e.g. Retrospective/Present-
focus/Forward-looking).

▪ There are a large number of asset failure and condition metrics. Very few of these metrics define cause of failures 
or provide a link to outcomes to customers and/or the environment.

▪ The following slides review the metric data by applying different lenses in turn.
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Service / 
Asset

Base Asset 
Health

Metric types which 
could be used to 
refine regulation

Retrospective/ 
Present-focus/ 

Forward-looking
Metric / index

Resilience 
type

Price controls 
/ Asset types

Metric Index

England and Wales Water Sector 260 7

Other Sectors 40 8

Source

▪ In general, we found few indices. Indices help with communication but have the potential to mask specific issues.

▪ We found a greater proportion of indices in use in other sectors – this could be because the other sectors we looked at 
have more uniform asset bases (it could also reflect the fact our search was not exhaustive).

▪ A small minority of the indices we found address risk in some way: Asset risk / network risk (NARM - Ofgem); Compliance 
Risk Index (DWI).

▪ Other indices consider health and remaining life: Cost per year of life (WICS and Scottish Water); Current and Future 
Health Index (Ofgem); Composite Sustainability Index (Network Rail).

▪ Indices include organisational capability assessments e.g. Asset Management Maturity Assessment (AMMA), Bioresources 
Asset Management.
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Service / 
Asset

Base Asset 
Health

Metric types which 
could be used to 
refine regulation

Retrospective/ 
Present-focus/ 

Forward-looking
Metric / index

Resilience 
type

Price controls 
/ Asset types

Service Asset / System 
Performance

Organisational 
Capability

Maintenance Other

Retrospective 26 151 1 34 16

Present-focus 1 37 3 10 11

Forward-looking 0 20 0 0 3

Combination 0 1 0 0 1

Source

▪ Most of the metrics / indices we found focus on asset or system performance (e.g. interruptions).

▪ Across all the lenses, we found far fewer forward-looking measures. The forward-looking measures we did find include 
metrics that consider / predict remaining life in some way and those that focus on risk under potential scenarios e.g. risk 
of supply restrictions in a drought.

▪ Many of the Present-focus metrics relate to condition.
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Resistance Reliability Redundancy Response and 
Recovery

Retrospective 163 135 39 30

Present-focus 37 38 8 3

Forward-looking 22 22 11 4

Combination 2 2 1 0

Service / 
Asset

Base Asset 
Health

Metric types which 
could be used to 
refine regulation

Retrospective/ 
Present-focus/ 

Forward-looking
Metric / index

Resilience 
type

Price controls 
/ Asset types

Source

▪ This lens is not exclusive – metrics may relate to more than one aspect of resilience (e.g. unplanned outage).

▪ Most of the metrics / indices we found focus on Resistance and Reliability (these are the components of resilience that are 
most closely associated with asset health).

▪ Those associated with Redundancy and Response and Recovery are generally indirect e.g. unplanned outage greater than 
12 hours.

▪ We found one direct metric of Redundancy – single source of supply. Other Redundancy metrics are inferred and could 
also relate to other aspects of resilience (e.g. interruptions).
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Service / 
Asset

Base Asset 
Health

Metric types which 
could be used to 
refine regulation

Retrospective/ 
Present-focus/ 

Forward-looking
Metric / index

Resilience 
type

Price controls 
/ Asset types

Water Resources
(six associated asset types)

Water Network +
(10 associated asset types)

Wastewater Network +
(11 associated asset types)

Bioresources
(two associated asset types)

Retrospective 60 108 101 47

Present-focus 17 42 26 20

Forward-looking 8 15 8 5

Combination 1 1 1 1

Source

▪ This lens is not exclusive – metrics may relate to more than one price control.

▪ We found a spread of metrics / indices across price controls.

▪ A high proportion of the metrics / indices we found are suitable for all price controls. These include many of the 
maintenance type metrics as well as the Base Asset Health index.

▪ We have also categorised the metrics and indices against 29 asset types across the price controls. This data can be found 
in our Metrics Workbook, see Appendix C.
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Service / 
Asset

Base Asset 
Health

Metric types which 
could be used to 
refine regulation

Retrospective/ 
Present-focus/ 

Forward-looking
Metric / index

Resilience 
type

Price controls 
/ Asset types

Retrospective Present-focus Forward-looking Combination Example

Inventory 12 15 0 0 Number of flow monitors

Activity 59 8 0 0 Length of mains replaced

Observed asset failures / 
underperformance (Asset Reliability / 
Resistance)

63 7 1 0
Number of equipment 
failures

Modelled probability of failure / 
underperformance (Asset Reliability / 
Resistance)

8 2 5 0
Water mains modelled 
failure rate

Asset age (Asset Reliability / Resistance) 0 3 0 0 Sewer age profile

Remaining asset life (Asset Reliability / 
Resistance)

0 2 8 0 Life expectancy

Condition data (Asset Reliability / 
Resistance)

21 12 0 0
Asset condition: water 
treatment works

Redundancy 0 1 2 0 Single source of supply

Response & Recovery 9 0 0 0 Alarm time response

Risk metrics 11 6 3 1
Asset risk / network risk 
(NARM)

Remaining life vs target life 0 1 1 1 Base asset health

Organisational capability 2 2 0 0 AMMA

Modelled probability of outcomes 4 1 2 0 Risk of flooding in a storm

Outcomes attributed to asset failure 0 0 1 0 Water service resilience

Outcomes attributed to other causes 1 0 0 0
Drinking water quality 
compliance measures –
enforcement actions

Overall outcomes 38 2 0 0 Internal sewer flooding

Source

▪ We found that metrics 
/ indices could be 
assigned to a single 
category within this 
lens.

▪ There are a large 
proportion of asset 
failure and condition 
metrics.

▪ Activity metrics are 
mostly associated 
with maintenance.

▪ Very few metrics 
define cause of 
failures / outcomes.
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Each of the unique metrics and indices we identified has been evaluated against a set of seven criteria 
which cover merit and deliverability:

▪ Merit criteria: assess if the metric or index can be used to reveal future asset health risks (3x criteria).

▪ Deliverability criteria: assess if the metric or index can be implemented across the water industry of 
England and Wales (4x criteria).

The evaluation process has helped us to define categories of asset health metrics and indices which 
could be developed further. 

The process was not formulaic (i.e. a certain evaluation score did not mean metrics/indices were taken 
forward). Rather, the evaluation was one source of information, used alongside our judgement, and the 
views of the Steering Group and Working Group to define categories for further investigation.

For the full detail: all the metrics and indices compiled, categorised and evaluated on the project are 
attached in an accompanying Metrics Workbook, see Appendix C.
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Evaluation criteria
Scoring framework:

1. Metric is diagnostic of changes in asset health

• Metric is able to provide diagnostic and/or prognostic information to support a compelling investment case
• Metric’s relationship to asset health can be disaggregated from operational activities

2. Metric can be used to provide insight into future risks associated with health of assets

• Metric can be used to expose future risks associated with asset health
• Metric increases confidence and trust in the ability of the sector to deliver reliable services (improved identification of long-term risks to operational resilience)

3. Metric is sensitive to and responds quickly to performance changes

• Metric responds in an appropriate time frame to expose undesirable performance or impacts of corrective actions

4. Metric is clear and can be easily understood by range of stakeholders

• Metric can be explained to and understood by customers and regulators
• Metric can be consistently defined

5. Metric can be applied and measured consistently across the industry

• Metric can be implemented easily across the industry to allow for comparison when making investment decisions
• Metric can be quantified, has strong evidence base and is likely to endure over time
• Challenges and risks associated with implementing the metric are minimised
• Metric supports increased transparency of operational resilience

6. Metric can be implemented quickly

• Metric is collected widely in the sector or could be quickly collected
• Adoption of the metric could be implemented in the short term

7. Measurement of metric is cost-effective and doesn't create undue burden (or could achieve this through innovation and/or collaboration)

• Metric does not require significant investment in monitoring, or monitoring may be cost effective in an appropriate timeframe through technology developments
• Metric supports promotion of innovation and collaboration
• Metric minimises ongoing regulatory and administrative burden

Yes, metric achieves criterion

No, metric doesn't achieve criterion

Metric might achieve criterion
A score was assigned to each of the 
seven criteria for each metric.
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In line with the project’s Problem Statement we have focused Workstream 1 on two primary objectives:

1. Metrics to reveal future asset health risks: to assess how well existing metrics help to reveal future 
asset health risks and to identify the characteristics of metrics that would help to close any gaps.

2. Metrics to support improved regulation: to understand what types of metric could be used to 
improve regulation of capital maintenance (linking to Workstream 2).

Workstream 2 identified five Packages which describe different ways in which the regulation of capital 
maintenance could be improved. Each of these packages require different types of metrics. The 
workstream recommended that three of these packages (Package 2, 3 and 4) are taken forward. 

We have evaluated the strengths and weaknesses of existing metrics and identified eight categories of 
metrics and indices that we think could help to reveal future risks associated with asset health.

Five of these categories are higher priority (as they have more relevance to the recommended 
packages from Workstream 2). Three of the categories are lower priority (as they have less relevance to 
the recommended packages).
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Lower priority categories:

6) Activity metrics, which 
relate to a range of 
activity types

Examples: maintenance 
work, operational 
activities.

7) Redundancy metrics, 
which capture or relate 
to back-up or parallel 
capacity.

Examples: customers 
with a single source of 
supply.

8) Response and recovery 
metrics, which relate to 
responses to incidents.

Examples: resilience in 
the round wastewater.

Focus on the 
components of 
resilience which 
have the closest link 
to asset health.

Examples: condition 
grade, equipment 
failures.

Which calculate or 
indicate remaining 
asset life in some 
way.

Examples: cost per 
year of life, Base 
Asset Health.

Which calculate an 
asset risk level, 
score or value, often 
then summarised 
into risk categories.

Examples: asset risk 
/ network risk 
(NARM), CRI.

Which measure 
outcomes to 
customers and/or 
the environment.

Examples: sewer 
flooding, pollution 
incidents.

Which assign 
qualitative scores to 
a set of discrete 
categories.

Examples: Overall 
Equipment 
Effectiveness.

Resistance and 
reliability 
metrics

Asset life 
metrics and 

indices

Risk indices Outcome-
based metrics

Qualitative, 
multi-dimension 

indices

C1 C2 C3 C4 C5

Each of the categories is described in detail, along with recommendations for further action in slides 46 to 66.
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Workstream 2 has recommended that packages 2, 3 and 4 are taken forward for further study.
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Linking Packages to Categories of metrics and indices

Type of metric

Packages as identified by Workstream 2

Categories of metrics and indices

P1
Base cost models with 
improved process for 

Ofwat review of company 
proposals for additional 

investment in asset health

P2
Base cost models with 
forward-looking and 

dynamic industry-wide 
adjustments and 

enhanced incentives on 
long-term performance

P3
Ofwat-owned assessment 

of capital maintenance 
with enhanced incentives 

on long-term performance

P4
NARM-based funding and 

delivery accountability 
arrangements

P5
Regulatory review of 

business plans for capital 
maintenance with granular 

PCDs

Activities 3 1 1 1 5 Category 6

Asset reliability, performance and resistance 3 5 5 3 3 Category 1

Redundancy 1 2 2 1 1 Category 7

Response and recovery 1 2 2 1 1 Category 8

Risk metrics 1 4 4 5 2 Category 3, Category 5

Remaining asset life vs target life 1 3 3 2 2 Category 2

Adverse outcome events attributed to asset failure 3 4 4 3 3

Category 4
Modelled probability / frequency of adverse 
outcome events

2 4 4 2 2

Outcomes experienced by customers and the 
environment

5 5 5 5 5

Summary of metric types required under each 
package and links to Objective 1 categories

Focus of P1 is on 
refinement to existing 

approach. No 
fundamentally new 

metrics needed.
Cat1 and Cat4 will 

therefore be of most 
relevance. Review of 
activity metrics also 

required.

P2 Interested in a range of 
evidence, so conclusions 

related to Cat1, 2, 3, 4 and 
5 are relevant.

P3 Interested in a range of 
evidence, so conclusions 

related to Cat1, 2, 3, 4 and 

5 are relevant..

P4 is primarily focused on 
risk metrics so our 

conclusions against Cat 3 
are of most relevance.

Fundamentally a different 
approach – potentially all 

metric types could be 
important. Conclusions 

related to Cat1, 2, 3, 4 and 

5 are relevant.

Note: 1-5 shading indicates 
relevance of metric to 

package with 1 being very 
low and 5 being very high.

43
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▪ The water sector is characterised by a range of asset types and this range is more diverse than other sectors, for example 
electricity. It is also more capital intensive than other UK sectors.

▪ Ofwat’s RAG 4 series presents a taxonomy of 100+ asset types across the water resources, water network +, wastewater 
network + and bioresources price controls.

▪ We simplified this taxonomy to 29 asset types for the purpose of assessing coverage of metrics (see slide 32 and Appendix C).
We have further simplified this to17 asset types to create a simple visual of coverage (below).

▪ The number of individual assets within each asset type for each water company varies significantly. 

▪ The financial value of each asset type also varies significantly. We can use this information to infer the importance of asset 
types for capital maintenance decision making.

Water Resources Water Treatment Water Networks Wastewater Networks Wastewater Treatment Bioresources

Asset type
Dams and 

impounding 
reservoirs

Transmission 
and 

aqueducts

Booster 
pumping 
stations

Water 
treatment 

works Civils

Water 
treatment 

works MEICA

Booster 
pumping 
stations

Service Res + 
Water 
Towers

Water mains
Communicati

on pipes
Customer 

meters
Sewers

Sewage 
pumping 

mains
Overflows

Sewage 
pumping 
stations

Sewage 
treatment 

works Civils

Sewage 
treatment 

works MEICA

Sludge 
treatment 

plant

Broad asset life Longer Longer Shorter Longer Shorter Shorter Longer Longer Longer Shorter Longer Longer Longer Shorter Longer Shorter Shorter

Indicative 
financial value

High High Low High Medium Low Medium High High Medium High Medium Medium Medium High Medium Medium

Relative 
importance

Higher Higher Lower Higher Lower Lower Higher Higher Higher Lower Higher Higher Higher Lower Higher Lower Lower

For the purposes of this table:
• Longer life assets are those that typically have a lifetime of greater than 30 years. Shorter life assets have a lifetime of up to 30 years.
• Indicative financial value scores are based on Jacobs’ experience of asset valuation work for several water companies in England and Wales. It is indicative only, intended to give a 

qualitative indication of higher value asset type categories.
• Relative importance is based on comparative financial value and broad asset life. Longer life assets are those for which there is greater scope for decisions about when to schedule capital 

maintenance.
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The following set of slides describe each of the metric categories using a common 
structure, as follows:

   Overview: an overview slide on the category including a 
   description, examples, coverage and quality, and strengths and 

  weaknesses.

   Detail: a slide or slides providing extra detail on a particular 
   metric or metrics in this category, as guided by discussions with 

  the Steering Group and/or Working Group.

   Summary: a slide summarising conclusions and  
   recommendations.

For the lower priority categories (6, 7 and 8) only an overview slide is presented.
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Metrics associated with the resistance and reliability components of resilience include those related to observed and modelled asset failure and condition. These metrics includes the three asset health 
performance commitments. Resistance and reliability metrics are directly or indirectly related to asset health and resilience whereas those associated with redundancy and response and recovery are more 
reflective of system resilience. Resistance and reliability metrics usually describe a specific asset group or type and are not aggregated across asset groups with different failure modes.

Observed asset failure or under-performance: 71 metrics identified including, equipment failure, leakage, unplanned maintenance.

Modelled probability of asset failure or under-performance: 15 metrics identified including, mains deterioration modelling, WWTW at risk, mean time to failure.

Condition data: 33 metrics identified including, visible inspections, CCTV surveys and health indices. Energy consumption metrics have also been grouped into this category.

Other sectors: Tend to have similar metrics to the England and Wales water sector – defects, condition, mean time between failure. Health indices exist in the electricity sector which combine scores for age, expected life, location 
factors, duty factors, condition and reliability.

Observed and modelled asset failure: the metrics we found tended to focus on water and wastewater treatment plants and networks where the observed failure history supports statistical analysis, 
however simple retrospective failure metrics exist for most major asset categories. They typically reveal asset health related failures but do not indicate future asset health risks. As such, most of the 
Quality scores are Amber or Red.

Condition: metrics and approaches to assess condition exist for all major asset types. Again, they typically reveal asset health related risks but do not indicate future asset health risks. 

• Largely already exist across the asset base.

• Some of these metrics are already consistently defined across the industry, 
particularly the asset health PCs.

• Simple to understand.

• Directly associated with asset health.

• Creation of forecasts would require the development of new methodologies.

• Not all organisations record failures in the same way.

• Condition assessment approaches are often used for longer-life and critical assets.

• Condition surveys can be expensive. They may represent a subset of assets and need 
an extrapolation to the wider asset stock. They can be criticised for being subjective.

• Focus on discrete assets – hard to gain an overall view of asset health. 

• Existing asset health PCs only focus on a subset of assets.

• Not forward looking (although forecasts could be generated for some metrics).

• Need to be cautious with metrics or approaches that require minimum ‘health 
standards’. They need to be consistent with broader value framework driven 
prioritisation approaches.

Description of category

Coverage and quality of existing metrics and indices across asset types
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Examples of existing metrics and indices in the England and Wales water sector, and other sectors

Water Resources Water Treatment Water Networks Wastewater Networks Wastewater Treatment Bioresources Metrics 
applicable 

to all 
assets

Asset type
Dams and 

impounding 
reservoirs

Transmission 
between raw 

water sites

Booster 
pumping 
stations

Water 
treatment 

works Civils

Water 
treatment 

works MEICA

Booster 
pumping 
stations

Service Res + 
Water 
Towers

Water mains
Communicat

ion pipes
Customer 

meters
Sewers

Sewage 
pumping 

mains
Overflows

Sewage 
pumping 
stations

Sewage 
treatment 

works Civils

Sewage 
treatment 

works MEICA

Sludge 
treatment 

plant

Importance Higher Higher Lower Higher Lower Lower Higher Higher Higher Lower Higher Higher Higher Lower Higher Lower Lower N/A

Coverage Many Many Many Many Many Many Many Many Sparse Sparse Many Many Many Many Many Many Many Many

Quality

Strengths and weaknesses of metrics / indices to reveal future asset risks (Merit) and to implementation across the industry (Deliverability)
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C1. Detail: resistance and reliability metrics by asset type

Asset type Importance Coverage Quality Examples of existing metrics in the water sector of England and Wales

Dams and impounding reservoirs Higher Many Reservoir incident classification levels, Condition grade

Transmission between raw water sites Higher Many Burst rates, Condition grade, Defects from condition-based maintenance (CBM)

Booster pumping stations (Raw) Lower Many Number of equipment failures, Condition grade, Defects from CBM, Mean time to failure (MTTF)

Water treatment works Civils Higher Many Number of equipment failures, Condition grade, Defects from CBM

Water treatment works MEICA Lower Many Number of equipment failures, Condition grade, Defects from CBM, MTTF

Booster pumping stations Lower Many Number of equipment failures, Condition grade, Defects from CBM, MTTF

Treated water storage Higher Many Condition grade, Defects from CBM

Water mains Higher Many
Customer reported leaks, bursts/repairs, leakage, natural rate of rise, modelled deterioration, hydraulic performance 
standards (velocity, pressure and water age), 

Communication pipes Higher Sparse Customer reported leaks, bursts/repairs.

Customer meters Lower Sparse Number of equipment failures, MTTF

Sewers Higher Many Sewer collapses, sewer blockages, repeat blockages, sewer defect density

Sewage pumping mains Higher Many Sewer collapses, sewer blockages, repeat blockages, sewer defect density

Combined sewer and emergency overflows Higher Many Condition grade, discharge permit compliance, failures on assets identified for intervention, number of spills.

Sewage pumping stations Lower Many Number of equipment failures, Condition grade, Defects from CBM, MTTF

Sewage treatment works Civils Higher Many
Number of equipment failures, Condition grade, Defects from CBM, MTTF, % of PE served by noncompliant treatment 
works, treatment works proportion of time flow exceeds consented full flow to treatment

Sewage treatment works MEICA Lower Many Number of equipment failures, Condition grade, Defects from CBM, MTTF

Sludge treatment plant Lower Many Number of equipment failures, Condition grade, Defects from CBM, MTTF, bioresources asset performance

This category includes a relatively large number of metrics (as compared to other categories). The below table lists examples of
reliability and resistance metrics against each asset type.

47
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C1. Detail: asset health performance commitments at PR24
“Ofwat uses a range of regulatory tools to monitor and address performance in relation 
to asset health. Wider performance commitments, which measure direct impacts on 
customers and the environment can also provide insight about a company's asset health, 
including leakage, pollution incidents, the compliance risk index and discharge permit 
compliance. We will also complement our asset health performance commitments with 
wider monitoring activities such as our proposed integrated monitoring framework for 
operational resilience.” (PR24 Final Methodology Appendix 7)

Asset health PC Description (from Ofwat methodologies) Is the metric diagnostic of changes in asset health? How could the metric be improved?

Mains repairs Intended to incentivise companies to maintain and improve the below ground water mains network.

Number of mains bursts per thousand kilometres of total length of mains. Mains bursts include all physical repair work to 
mains from which water is lost. This is attributable to pipes, joints or joint material failures or movement, or caused or 
deemed to be caused by conditions or original pipe laying or subsequent changes in ground conditions. Any repair work 
undertaken on the water mains (i.e. all pipes conveying treated water around the distribution point but not including 
communication pipes or supply pipes) shall be included.

Not directly
This metric captures a response to a failure which could be 
caused by asset health.
The inclusion of company-identified mains repairs in this metric 
could potentially dis-incentivise leakage reduction activity.

Amend the measure to focus on the failure, rather 
than the response. A Mains Bursts metric would be 
more suited to this. However, ‘bursts’ could be 
caused by factors other than asset health.
Greater granularity of burst reporting may help 
infer asset health causes.

Unplanned 
outage

Intended to incentivise companies to ensure that treatment works are maintained to reduce the risk that unplanned outage 
occurs when capacity is required.
Unplanned loss of peak week production capacity is reported as a percentage of the overall company peak week production 
capacity. This is a measure of asset outage (primarily non-infrastructure – above ground assets), for water abstraction and 
water treatment activities, in terms of the average unavailable flow (based on maximum sustainable production capacity) 
for each company. This measure is proportionate to both the frequency of asset failure as well as the criticality / scale of the
assets that are causing an outage. Unplanned outage for this measure is a temporary loss of maximum sustainable 
production capacity. Therefore, it is measured in terms of the difference between available production capacity and the 
maximum sustainable production capacity (consistent with other company uses such as production planning).

Not directly
Unplanned outage is influenced by a variety of factors which 
include asset health, redundancy, response and recovery and 
factors potentially outside company control (raw water quality 
and sever weather events).
There is not a clear link to specific asset types.
The calculation of Peak Week Production Capacity varies by 
company, and this weakens the normalisation. However, 
differentiating between planned and unplanned is useful.

A simpler normalisation approach may be 
beneficial. The other asset health PCs are based on 
the number of failures whereas unplanned outage 
is based on duration of failures. Could a 
normalised number of unplanned outages be 
more revealing? Duration would continue to be 
part of the calculation of the outage allowance for 
water resources planning.

Sewer collapses Intended to incentivise companies to monitor their networks and proactively resolve problems so that sewers have 
structural integrity.

Number of sewer collapses per thousand kilometres of all sewers that have not been identified proactively by the company 
and causing an impact on service to customers or the environment. A reportable sewer collapse is considered to be where a 
failure has occurred to the pipe that results in either any contact with the company (i.e. an impact on service has caused 
someone to contact the company) or any unplanned escape of wastewater and results in the need to replace or repair the 
pipe to reinstate normal service.

Yes, but there are weaknesses in the metric
A collapse is a failure that has occurred as a result of poor 
health. However, the metric only captures collapses which are 
identified through a service impact (e.g. flooding or pollution). 
Collapses addressed by relining are also excluded, though 
reported separately.

Metric would be improved by strengthening the 
link to asset condition. As currently designed, an 
impact to service is required and therefore not all 
poor health assets will be captured.
Creating a richer picture of asset health for longer-
life assets may need consideration of asset 
condition.

Importantly, the proposed asset health PCs for PR24 only address a portion of the water industry asset base. 

Water Resources Water Treatment Water Networks Wastewater Networks Wastewater Treatment Bioresources

Dams and 
impounding 
reservoirs

Transmission 
between raw 

water sites

Booster 
pumping 
stations

Water 
treatment 

works Civils

Water 
treatment 

works MEICA

Booster 
pumping 
stations

Treated water 
storage

Water mains
Communication 

pipes
Customer 

meters
Sewers

Sewage 
pumping 

mains
Overflows

Sewage 
pumping 
stations

Sewage 
treatment 

works Civils

Sewage 
treatment 

works MEICA

Sludge 
treatment 

plant
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C1. Summary: Individual resistance and reliability metrics

Conclusions

▪ Metrics associated with the resistance and reliability components of resilience include those related to observed and modelled asset failure, and 
condition. These metrics include the three asset health performance commitments and are directly or indirectly related to asset health.

▪ More than 100 existing metrics were identified against this category and many are widely applied across the water sector of England and Wales.

▪ The asset failure type metrics reviewed often reveal asset health related failures but do not indicate future asset health risks. Sometimes there is 
also not a direct link to asset health as the failure could be caused by other factors.

▪ We believe the three asset health PCs could be improved to make them more directly related to asset health. They also do not reveal future 
risks.

▪ This category of metrics includes few indices – it is therefore hard to get a sense of the overall health of the asset base or to make comparisons.

▪ The reviewed metrics are retrospective and not forward-looking. It may be possible to create forecasts of the metrics if future scenarios and 
modelling methodologies can be agreed.

Recommended activities to reveal future risks associated with asset health

▪ Define a package of reliability and resistance metrics for each asset category.

▪ Assign criticality to each asset category (the relative importance we have defined could be used as a starting point).

▪ For higher criticality asset categories first, develop methodologies to produce forecasts of existing or new metrics under defined future 
scenarios (the definition of future scenarios is a challenge common to all categories, see Slide 68). 
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C2. Overview: Asset life metrics and indices

50

Asset life metrics and indices define some form of remaining life position across the asset base or a portion of it. In some instances, this remaining life position is then monetised or compared to an idealised 
position. Simple asset age metrics are also included in this category.

Asset age and remaining asset life metrics: 13 identified including, average age / remaining life metrics.

Asset age and remaining asset life indices: three identified: Base asset health: Considers effective age (adjusted by condition and performance) as a proportion of economic life and applied to the gross modern 
equivalent asset value (GMEAV). This index was derived by UU where it is applied across different groups of assets. Asset health deficit: metric developed by TWL which comprises solution costs to address asset 
risks above a threshold, unreliable assets and assets in poor condition. Cost per year of life: developed by the Water Industry Commission for Scotland this metric combines replacement cost and average 
remaining life across asset types.

Simple age and remaining life metrics exist and can be defined for all major asset categories. Specific asset category life metrics are less common. The age and remaining life metrics do not include 
consideration of future pressures (hence given quality scores of Red or Amber).  

We found three indices, two of which were developed by companies in England, which link remaining life to cost to replace. These are, in theory, applicable to all asset types. They do not currently 
include consideration of future pressures.

• Examples already exist in water sector.

• Component data points (remaining life and cost to replace) widely exist 
(albeit inconsistently defined).

• Simple concept to understand.

• Directly associated with asset health.

• The three indices reviewed are directly linked to required investment.

• Differences in how remaining life is considered exist across the sector.

• Consistent application of metrics, especially those which include a 
monetisation aspect across the industry would take time.

• Definition of future scenarios and approach to modelling them would take 
time.

• In the metrics reviewed, remaining life assessments are not routinely adjusted for 
future scenarios (though this could be developed) – asset health deficit is a step in 
this direction.

• Need to be cautious with metrics or approaches that require minimum ‘health 
standards’. They need to be consistent with broader value framework driven 
prioritisation approaches.

Description of category

Coverage and quality of existing metrics and indices across asset types
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Examples of existing metrics and indices in the England and Wales water sector, and other sectors

Water Resources Water Treatment Water Networks Wastewater Networks Wastewater Treatment Bioresources Metrics 
applicable 

to all 
assets

Asset type
Dams and 

impounding 
reservoirs

Transmission 
between raw 

water sites

Booster 
pumping 
stations

Water 
treatment 

works Civils

Water 
treatment 

works MEICA

Booster 
pumping 
stations

Service Res + 
Water 
Towers

Water mains
Communicat

ion pipes
Customer 

meters
Sewers

Sewage 
pumping 

mains
Overflows

Sewage 
pumping 
stations

Sewage 
treatment 

works Civils

Sewage 
treatment 

works MEICA

Sludge 
treatment 

plant

Importance Higher Higher Lower Higher Lower Lower Higher Higher Higher Lower Higher Higher Higher Lower Higher Lower Lower N/A

Coverage None None None None None None None Sparse None Sparse Sparse None None None None None None Many

Quality N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Strengths and weaknesses of metrics / indices to reveal future asset risks (Merit) and to implementation across the industry (Deliverability)
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C2. Detail: cost per year of life

Description Is the metric diagnostic of changes in asset health? How could the metric be improved?

Scottish Water has set out its understanding of its portfolio of assets and the likely asset lives and 
replacement costs of its various asset types.

The assets are divided into three main groups:
• Business services assets (e.g. digital, property, logistics);
• Assets that will need ultimately to be replaced (e.g. water and wastewater treatment works, water 

mains, bioresources assets); and
• Assets that will be refurbished on an ongoing basis and are likely never to be completely replaced 

(Sewers, aqueducts and dams).

Scottish Water has also defined ranges for both asset life and replacement cost for all its asset types and 
assigned an associated confidence grade.  It suggests these ranges be used for estimating the likely 
funding requirement to allow for appropriate and timely replacement of  assets in future. 

The annual estimated cost reflects the Replacement Valuation divided by the Lifetime. The confidence 
grade influences the range for annual average replacement cost. This allows Scottish Water to estimate 
the annual replacement liability for short, medium and long-life assets.

The Water Industry Commission for
Scotland (WICS) considers that the
range estimates for asset lives and 
the potential replacement costs of 
Assets appear to be broadly reasonable, 
albeit it appears more likely that 
they understate rather than overstate
the future challenge.

Not specifically diagnostic of asset health, but used to 
estimate a funding requirement envelope at a 
strategic level.

Other metrics that incorporate ‘value’ via a value 
framework are used target/prioritise maintenance 
delivery.

Underlying range estimates for asset life by asset 
category may provide a view of appropriateness 
replacements against the existing assets at a strategic 
level.

There are no resistance or reliability metrics (that 
would directly relate to asset health) detailed within 
the approach, although a judgement is made on 
appropriate asset life.

There is no accounting of risk to service from failure in 
the approach and it does not make the link to 
outcomes experienced by customers or the 
environment, nor how these could be impacted by 
other aspects of resilience (redundancy and response 
and recovery).

There is uncertainty with regard to long-life asset life 
and costs and WICS consider it is likely that asset lives 
are understated.  The inclusion of carbon as a factor 
may further shorten asset lives.

The approach requires a modern equivalent asset 
valuation for all assets, but it doesn’t consider 
alternative interventions.

The asset health related information and 
insight this approach provides would be 
enhanced if closer links were made to 
assets. For example:
• Consideration of the consequences of 

asset failure might help to prioritise
investment.

• Knowledge of the proportion of asset 
expended life and the most important 
failure modes and consequences could 
also help with prioritisation.

• Refinement to the valuation aspect of 
the approach would increase 
confidence.

• There is a need to consider the impact 
of future enhancement expenditure on 
future asset replacement needs.
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C2. Summary: Asset life metrics and indices

Conclusions

▪ Asset life assessments define some form of remaining life position across the asset base or a portion of it. We found 16 existing metrics or 
indices, three of these from outside the England and Wales water sector.

▪ The age and remaining life metrics we found do not include consideration of future scenarios.

▪ We found three indices, two of which were developed by water companies in England, which link remaining life to a cost to replace. These 
indices therefore reveal investment needs.

▪ None of the indices reviewed are adjusted for future scenarios (though this attribute could theoretically be developed) – the asset health deficit 
index is a step in this direction as it considers asset risk above an event risk threshold.

▪ Further discussion on asset life metrics is presented in Appendix B.

Recommended activities to reveal future risks associated with asset health

▪ Consider different approaches to monetise end of life assessments (building on the three indices reviewed).

▪ Evaluate how risk could be included in the metric / index. This could include, for example, exploring and refining the concept of tolerable service 
life.

▪ Test the application of asset life assessments under different future scenarios.
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C3. Overview: Risk indices

53

This category includes the aggregation of information about single or multiple asset groups considering factors relating to likelihood of a hazard occurring (for example through condition) and consequence of 
the hazard occurring. Indices group together individual pieces of information and therefore help with understanding at a broader level, thereby helping to inform strategic decisions.

.

We found a total of six risk indices, three from the England and Wales water sector and three from other sectors. 

Examples outside the water sector include: Ofgem’s asset risk / network risk (sum of the expected values of each consequence associated with that asset and a function of the probability of each failure mode 
occurring), and Network Rail’s Composite Reliability Index and Composite Sustainability Index (remaining life or asset condition score weighted by replacement value).

The water sector examples are retrospective and therefore assess events rather than risks. They include Compliance Risk Index, which considers failure significance, cause and location. Its component data 
sources are influenced by asset performance and operational response.

Existing water sector risk indices limited to Compliance Risk Index (CRI), Event Risk Index and Risk Assessment Risk Index, all retrospective and associated with water treatment and distribution.

These indices incorporate multiple data points related to event severity, cause, control measures and operational response. They do not conform to a likelihood x consequence = risk structure.

As ‘cause’ is used in CRI, it could indicate asset health issues, or other causal factors. None of the three indices is forward-looking.

• Indices already used and reported in the water sector (related to water 
treatment and distribution).

• Knowledge from the DWI could help in the definition of any new indices.

• Can be diagnostic of asset health (but may also be diagnostic of other causes 
of failure).

• Existing indices only relevant to a portion of the asset base, new indices would be 
required that could be applied across the asset base.

• Forward-looking risk assessment would require significant time and effort in 
methodology development.

• Any new risk index would introduce a potentially significant requirement on the 
regulator to review reported data. 

• The influence of asset health may be masked by other causal factors, and by 
other elements of the index, e.g. response to an event 

• All the indices are retrospective, and any understanding of future risk would 
require the development and refinement of an associated methodology, 
including the testing of scenarios.

Description of category 

Coverage and quality of existing metrics and indices across asset types
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Examples of existing metrics and indices in the England and Wales water sector, and other sectors

Strengths and weaknesses of metrics / indices to reveal future asset risks (Merit) and to be implemented across the industry (Deliverability)
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Water Resources Water Treatment Water Networks Wastewater Networks Wastewater Treatment Bioresources Metrics 
applicable 

to all 
assets

Asset type
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Transmission 
between raw 
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Booster 
pumping 
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Water 
treatment 

works Civils

Water 
treatment 

works MEICA

Booster 
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stations
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Water 
Towers

Water mains
Communicat

ion pipes
Customer 

meters
Sewers

Sewage 
pumping 

mains
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Sewage 
pumping 
stations

Sewage 
treatment 

works Civils

Sewage 
treatment 

works MEICA

Sludge 
treatment 

plant

Importance Higher Higher Lower Higher Lower Lower Higher Higher Higher Lower Higher Higher Higher Lower Higher Lower Lower N/A

Coverage None None None Sparse Sparse None Sparse Sparse None None None None None None None None None None

Quality N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
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C3. Detail: asset risk / network risk
Description Is the metric diagnostic of 

changes in asset health?
How could the metric be improved?

Network Asset Risk Metric (NARM) is an evolution from RIIO-1 Network Output Measures (NOMs) and relates to the risk of asset 
failure (derived from the probabilities and expected consequences of asset failure). 

The NARM is designed to demonstrate that the Transmission Owner (TO) is targeting investment in the right areas to manage 
network risk effectively, ensuring that the TO will continue to deliver primary outputs and a network that is fit for purpose in the 
future.

To ascertain the overall level of risk for each TO, Asset Risk is calculated for lead assets only (Circuit Breakers; Transformers; Reactors; 
Underground Cable; Overhead Lines). Ofgem does not apply NARMs to the entirety of the asset base.

Asset Risk is the sum of the expected values of each consequence associated                                                             
with that asset and a function of the probability of each failure mode occurring.

where: PoFj = Probability of Failure j occurring during a given time CoFj = the monetised Consequence of Failure j; n = the number of 
Failures associated with the Asset. Consequence is the monetised value for each of the underlying Financial, Safety, System and 
Environmental components of a consequence.

For the network, a measure of the risk associated with it is the Network Risk, given by:

where: ARk = the Asset Risk associated with Asset k. n=the number of Assets on the Network

The nominal benefit is the risk delta between the adjusted risk of the “no intervention” and “with-intervention” scenarios across all 
years of the calculation.

The NARM methodology has informed risk analysis in other geographies. For example, Power and Water (provider of electricity, 
water and sewerage services across the Northern Territory of Australia) uses an asset health and criticality methodology for some of 
its electricity assets loosely based on NARM. It considers the UK DNO methodology to be comprehensive but also “exceptionally data 
intensive, and time consuming to develop, implement and maintain.” see here.

It states that as significant value can be gained in the decision-making process from the insights gained through a robust health and 
criticality framework, Power and Water appropriated many of the key features of the UK methodology whilst seeking to balance the
benefits with the time, cost and data availability required to define all possible asset characteristics. The health and criticality 
framework provides Power and Water with the ability to forecast its expenditure at levels which achieve a residual risk that meets 
regulatory and legislative requirements, and where these requirements do not exist, sufficient to maintain the existing risk profile.

• Yes. Probability of Failure 
is based on a failure 
curve, the nature of 
which is determined via 
Failure Modes and 
Effects Analysis. 

• Through FMEA, an end-
of-life curve is derived for 
each lead asset family 
grouping. 

• By conducting 
inspections, it is possible 
to understand where 
each asset lies on the 
curve and therefore the 
assets can be moved 
down the curve, 
effectively reducing their 
equivalent age.

• The TOs jointly complete 
a detailed Calibration, 
Testing and Validation 
(CTV) for end-of-life 
failure modes. 

• The NARM methodology 
has been designed to 
enable the parameters to 
be easily adjusted to 
reflect the results of the 
CTV exercises. 

• Although a common NARM 
methodology exists, there are 
differences in how the NARM 
guidance is applied.

• National Grid state that maintenance 
implementation in our respective 
models [i.e. the models of different 
companies] is sufficiently different to 
make calibration [across companies] 
near-impossible.

• The water sector has a more diverse 
asset base than the electricity and 
gas sectors. We consider that the 
determination of Probability of 
Failure would be particularly 
challenging for long life civil assets 
such as dams, impounding reservoirs 
and service reservoirs. However, 
methods to expose and manage the 
uncertainty could be developed and 
implemented. 

• Initiating and delivering an extended 
CTV-type process in a shadow format 
/ or in an information only 
application would be necessary over 
an extended period of time before 
sufficient consistency was reached to 
enable a NARM type metric to be 
applied to influence cost allowances.

• Consideration should also be given 
to adopting aspects of the NARM 
methodology that could provide 
most value to the UK water sector 
such as consolidated risk, monetised 
across a system, e.g. water or 
wastewater network.
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C3. Summary: Risk indices

Conclusions

▪ We found a total of six risk indices, three from the England and Wales water sector and three from other sectors. All of these were focused on 
water treatment and distribution. All of them were retrospective. New indices would be required that could be applied across the asset base.

▪ The existing indices incorporate multiple data points related to event severity, cause, control measures and operational response. They do not 
conform to a likelihood x consequence = risk structure.

▪ The influence of asset health may be masked by other causal factors, and by other elements of the index, e.g. response to an event.

▪ Any understanding of future risk would require the development and refinement of an associated methodology, including the testing of 
scenarios.

▪ Any new risk index would introduce a potentially significant requirement on the regulator to review reported data. 

Recommended activities to reveal future risks associated with asset health

▪ Engage companies and regulators in other sectors to understand their perspectives on the strengths and weaknesses of existing metrics.

▪ Building on the analysis of indices from other sectors, design and test a risk metric for a selected asset category / categories.
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C4. Overview: Outcome-based metrics
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Individual metrics which describe a direct outcome experienced by customers or the environment. The outcome can be influenced by asset health and/or other factors.

We found 42 metrics in this category, 40 of which were from the water sector of England and Wales. 

Examples include customer experience metrics and complaints, unplanned outage, sewer flooding, storm overflows, pollution incidents.

The existing metrics are a mix of performance commitments and other widely reported metrics, such as those associated with the annual performance report.

The existing metrics cover most of the asset base but are typically not related to specific assets. As they are outcomes-focused, they are influenced by the performance of several asset types.

All of the existing metrics are retrospective in focus.  Very few of the metrics link an outcome to a cause (water service resilience, a bespoke PC for AMP8 is an exception). 

• A number of metrics already exist in the sector and are reported by all 
companies. This permits cross-sector comparison.

• Long-term datasets are available.
• This category of metric aligns with Ofwat’s interest in outcomes.

• Can be diagnostic of asset health (but may also be diagnostic of other causes 
of performance).

• Outcome metrics can be complex to calculate but methodologies already 
exist and provide a template that could be replicated.

• Forward-looking assessment would require significant time and effort in 
methodology development.

• Exercise required to map outcomes to asset health metrics.

• Reflect an overall assessment of service performance and not directly linked 
to asset health.

• Do not reflect future risks. 

Description of category

Coverage and quality of existing metrics and indices across asset types
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Examples of existing metrics and indices in the England and Wales water sector, and other sectors

Strengths and weaknesses of metrics / indices to reveal future asset risks (Merit) and to implementation across the industry (Deliverability)
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Water Resources Water Treatment Water Networks Wastewater Networks Wastewater Treatment Bioresources Metrics 
applicable 

to all 
assetsAsset type

Dams and 
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reservoirs

Transmission 
between raw 

water sites

Booster 
pumping 
stations

Water 
treatment 

works Civils

Water 
treatment 

works MEICA

Booster 
pumping 
stations

Service Res + 
Water 
Towers

Water mains
Communicat

ion pipes
Customer 

meters
Sewers

Sewage 
pumping 

mains
Overflows

Sewage 
pumping 
stations

Sewage 
treatment 

works Civils

Sewage 
treatment 

works MEICA

Sludge 
treatment 

plant

Importance Higher Higher Lower Higher Lower Lower Higher Higher Higher Lower Higher Higher Higher Lower Higher Lower Lower N/A

Coverage Sparse Sparse Sparse Many Many Some Some Some None None Some Some Sparse Some Some Some None Many

Quality N/A N/A N/A​
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C4. Detail: Outcome-based metrics aligned to C1 metrics

Price Control Outcome metrics Resistance and reliability metrics which influence the outcome metric

Water Resources
Water Network +

Interruptions to supply Burst rates, deterioration modelling, hydraulic performance standards

Percentage of population at risk of experiencing 
severe supply restrictions in a 1 in 200 year 
drought

Hydraulic performance standards (and associated modelling under different scenarios)

Customer contacts about water quality Equipment failures and alarms at water treatment works, Hydraulic performance standards 

Biodiversity
None. Metric measures the net change in the number of biodiversity units on nominated land per 100km2 of land in 
the company's area, so not directly related to physical asset health.

Wastewater Network +

Internal sewer flooding Sewer collapses, sewer blockages, repeat blockages, sewer defect density, equipment failures (pumps).

External sewer flooding Sewer collapses, sewer blockages, repeat blockages, sewer defect density, equipment failures (pumps).

Pollution incidents
Sewer collapses, sewer blockages, repeat blockages, sewer defect density, equipment failures (pumps and treatment 
assets).

River water quality Equipment failures (pumps and treatment assets).

Bathing waters with excellent status Equipment failures (pumps and treatment assets).

Biodiversity
None. Metric measures the net change in the number of biodiversity units on nominated land per 100km2 of land in 
the company's area, so not directly related to physical asset health.

Bioresources
None existing but a metric related to beneficial use 
of treated sludge would be appropriate.

Number of equipment failures, Condition grade, Defects from CBM, MTTF, bioresources asset performance

A range of outcome metrics already exist. These are influenced by a range of resistance and reliability metrics (Category 1).

There is a need to strengthen the understanding of how resistance and reliability influence outcomes. The below table presents an indication of 
which outcome metrics are influenced by reliability and resistance metrics.
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C4. Summary: Outcome-based metrics

Conclusions
▪ We found 42 metrics in this category, 40 of which were from the water sector of England and Wales. 

▪ The existing metrics cover most of the asset base but are typically not related to specific assets. 

▪ A number of metrics already exist in the sector and are reported by all companies. This permits cross-sector comparison.

▪ As they are outcomes-focused, these metrics are influenced by the performance of several asset types. Very few of the metrics link an outcome 
to a cause (water service resilience, a bespoke PC for AMP8 is an exception). An exercise is required to map outcomes to asset health metrics.

▪ All of the existing metrics are retrospective in focus.  

▪ Forward-looking assessment would require significant time and effort in methodology development.

Recommended activities to reveal future risks associated with asset health
▪ Select group of outcome-based metrics and undertake mapping process to link these to resistance and reliability metrics.
▪ Review how outcome-based metrics were projected into the future in the business plan / long-term delivery strategy process.
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C5. Overview: Qualitative, multi-dimensional indices
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Indices which collate qualitative data describing several individual metrics into an overall score or performance grading. Each component of the index is typically assigned 1-5 score which is 
then aggregated into a single score. This score can then be used to prioritise action.

The two examples we found were originally from other sectors.
Overall Design Authority Rating - which combines scores for reliability, maintainability, fit for purpose, regulatory compliance, condition, life expectancy
Overall Equipment Effectiveness - Availability x Performance x Quality

• We found some water companies were using or implementing OEE in the England and Wales water sector.

• Severn Trent Water uses an asset health dashboard to give an Overall Equipment Effectiveness score for each subservice area that is used to drive interventions as well as 
report/understand progress on managing asset health.

• The qualitative scoring style can be used to create simple summaries for 
stakeholders.

• Aggregate scores can be responsive to asset health changes depending upon 
components but some may not change frequently, e.g. condition grade.

• Describe a measure of productivity and may be a good metric for prioritisation
of maintenance.

• Not widely used in the water sector so may require extensive data collection, 
methodology development and testing.

• Changes in asset health may be masked by other elements of index.
• Do not reflect future risks. 

Description of category

Coverage and quality of existing metrics and indices across asset types
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Examples of existing metrics and indices in the England and Wales water sector, and other sectors

Strengths and weaknesses of metrics / indices to reveal future asset risks (Merit) and to implementation across the industry (Deliverability)
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Water Resources Water Treatment Water Networks Wastewater Networks Wastewater Treatment Bioresources Metrics 
applicable 

to all assets

Asset type
Dams and 

impounding 
reservoirs

Transmission 
between raw 

water sites

Booster 
pumping 
stations

Water 
treatment 

works Civils

Water 
treatment 

works 
MEICA

Booster 
pumping 
stations

Service Res + 
Water 
Towers

Water mains
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ion pipes
Customer 

meters
Sewers
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Sewage 
pumping 
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Sewage 
treatment 

works Civils

Sewage 
treatment 

works 
MEICA

Sludge 
treatment 

plant

Importance Higher Higher Lower Higher Lower Lower Higher Higher Higher Lower Higher Higher Higher Lower Higher Lower Lower N/A

Coverage None None None None None None None None None None None None None None None None None None

Quality N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
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C5. Detail: overall equipment effectiveness

Description Is the metric diagnostic of changes in asset health? How could the metric be improved?

Overall equipment effectiveness (OEE) is a commonly used index for manufacturing productivity. It 
provides insights into how well equipment is used and how efficiently it operates in producing goods or 
delivering services. The metric is not widely used in the water sector but has been adopted by one 
company and is being explored by at least one other.

OEE is calculated by multiplying availability, performance and quality factors together

OEE = Availability x Performance x Quality

• Availability: The availability score measures the actual production time compared to the planned 
production time. It considers factors such as equipment breakdowns, changeovers and scheduled 
maintenance.

• Performance: The performance score assesses how well the equipment is performing compared to its 
maximum potential. It considers factors like equipment speed, minor stops and idling time.

• Quality: This evaluates the rate of production of “good count” products without defects or rework. It 
takes into account factors such as scrap, reject and rework.

For the water sector, OEE principles could be applied in the following ways:

• Availability: Track downtime due to maintenance, breakdowns, or other issues.
• Performance: compare asset or system performance to targets.
• Quality: Monitor water quality compliance. 

Not directly, though asset health will influence 
availability, performance and quality.

OEE is a point in time assessment and doesn’t 
incorporate a forward-looking aspect. It would be 
difficult to use as a means to forecast future asset 
health or investment needs.

The definition of each of the components of OEE 
(Availability, Performance and Quality)  would require 
careful design to balance detail against the 
information obtained, as well as any desire to facilitate 
comparison across the sector. For OEE to be useful, 
there would need to be a robust means of diagnosing 
the cause of its component scores (i.e. what is causing 
the performance score).

OEE includes no consideration of the importance of 
the assets or service provided.

Different forms of OEE would need to be 
designed and tested to assess whether it 
could provide useful information about the 
water sector.

Applying a form of OEE alongside other 
metric categories might help to reveal the 
role of asset health in system performance.
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C5. Summary: Qualitative multi-dimensional indices

Conclusions
▪ The two examples we found originated in other sectors.
▪ Not widely used in the England and Wales water sector, so would require extensive data collection, methodology development and testing.
▪ Changes in asset health may be masked by other elements of index.
▪ The qualitative scoring style can be used to create simple summaries for stakeholders.
▪ They do not reflect future risks. 

Recommended activities to reveal future risks associated with asset health
▪ Engage companies and regulators in other sectors to understand their perspectives on the strengths and weaknesses of existing indices.
▪ Consider role for this category of metric to act as a dashboard representing broad performance. This could then be linked to other categories of 

metric/index which provide specific information about asset health.
▪ Applying this type of index alongside other metrics might help to reveal information about asset health.
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C6. Overview: Activities
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Metrics related to a range of activity types including maintenance work, surveys, alarms and operational activities.

We found 67 metrics of which 63 related to the water sector. Of these 63, 18 related to maintenance activity, 12 related to enhancement activity, 9 related to sampling or inspection and the 
majority of the remainder related to operational activities.

• Several of the Activity metrics (recording of alarms, sampling and maintenance activity) are applicable to most or all asset types. There are fewer asset-specific metrics and these mostly record 
specific maintenance or operational activities.

• Records of maintenance could be used to infer a level of asset health but this would be indirect and not particularly helpful without supplementary data. An Amber quality score is therefore 
applied.

• Many of these metrics are fairly simple and could be applied relatively easily 
across the industry.

• Might be useful in combination with other metrics to reveal asset health 
information.

• A primary challenge is to identify the metric types. 
• Activity metrics might need to be used in conjunction with other categories of 

metric to reveal asset health information.

• Not directly related to current asset health.
• Not linked to potential future asset health.

Description of category

Coverage and quality of existing metrics and indices across asset types

M
e

rit
D

e
live

ra
b

ility

Examples of existing metrics and indices in the England and Wales water sector, and other sectors

Strengths and weaknesses of metrics / indices to reveal future asset risks (Merit) and to be implemented across the industry (Deliverability)
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e
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D

e
liv

e
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b
ility

Water Resources Water Treatment Water Networks Wastewater Networks Wastewater Treatment Bioresources Metrics 
applicable 

to all 
assetsAsset type

Dams and 
impounding 
reservoirs

Transmission 
between raw 

water sites

Booster 
pumping 
stations

Water 
treatment 

works Civils

Water 
treatment 

works MEICA

Booster 
pumping 
stations

Service Res + 
Water 
Towers

Water mains
Communicat

ion pipes
Customer 

meters
Sewers

Sewage 
pumping 

mains
Overflows

Sewage 
pumping 
stations

Sewage 
treatment 

works Civils

Sewage 
treatment 

works MEICA

Sludge 
treatment 

plant

Importance Higher Higher Lower Higher Lower Lower Higher Higher Higher Lower Higher Higher Higher Lower Higher Lower Lower N/A

Coverage Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse Many

Quality
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C7. Overview: Redundancy metrics
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Metrics which capture or relate to the provision of back-up or parallel capacity such that the impact of events can be mitigated. 

We found three metrics related to redundancy, all from the England and Wales water sector.
Customers with single source of supply is a direct measure of redundancy, or rather a lack of it.
Metrics associated with the calculation of the supply-demand balance (target headroom and outage allowance) relate to redundancy but are not direct measures of it. 

• The metrics we found relate to water resources and water network +. We found no metrics related to wastewater or bioresources.

• Water mains is given an Amber quality score as the single source of supply metric is a good measure of redundancy but does not capture future forecasts. Other Amber scores relate to the role of redundancy 
in supply-demand balance calculations which is indirect, but does incorporate aspects of forecasting.

• Existing metrics applied across water resources and water networks +. There 
may be aspects of the methodologies of these metrics which could be used as 
the starting point for developing redundancy metrics related to wastewater.

• Could help to indicate asset health when used in combination with other 
metrics (used in this way, performance could be attributed to redundancy as 
opposed to resistance or reliability which are directly related to asset health).

• No existing metrics related to wastewater nor bioresources.
• Methodologies for future forecasting would need to be developed.

• Not a direct measure of asset health.
• Single source of supply does not include a forecasting component.

Description of category

Coverage and quality of existing metrics and indices across asset types

M
e

rit
D

e
live

ra
b

ility

Examples of existing metrics and indices in the England and Wales water sector, and other sectors

Strengths and weaknesses of metrics / indices to reveal future asset risks (Merit) and to be implemented across the industry (Deliverability)
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Water Resources Water Treatment Water Networks Wastewater Networks Wastewater Treatment Bioresources Metrics 
applicable 

to all 
assetsAsset type

Dams and 
impounding 
reservoirs

Transmission 
between raw 

water sites

Booster 
pumping 
stations

Water 
treatment 

works Civils

Water 
treatment 

works MEICA

Booster 
pumping 
stations

Service Res + 
Water 
Towers

Water mains
Communicat

ion pipes
Customer 

meters
Sewers

Sewage 
pumping 

mains
Overflows

Sewage 
pumping 
stations

Sewage 
treatment 

works Civils

Sewage 
treatment 

works MEICA

Sludge 
treatment 

plant

Importance Higher Higher Lower Higher Lower Lower Higher Higher Higher Lower Higher Higher Higher Lower Higher Lower Lower N/A

Coverage Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse None None None None None None None None None None

Quality N/A​ ​N/A ​N/A N/A​ ​N/A ​N/A N/A​ ​N/A ​N/A N/A​
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C8. Overview: Response and recovery metrics

64

Metrics which capture or relate to responses to incidents such that the impact of events, and the time over which they are felt, can be reduced. 

We found nine metrics related to response and recovery, all from the England and Wales water sector. Three are associated with alarm response times and delays in responding to incidents (indicating a lack of 
or a poor response). Two are associated with time taken to respond to customer contacts.
One is a bespoke PC in AMP7 which measures the percentage of customers whose drinking water supply service to the tap can be restored within 24 hours of a failure event.
One is a bespoke PC designed to ensure resilience action plans are put in place at wastewater treatment works.

• We found no metrics related to water resources, wastewater networks nor bioresources

• The two bespoke PCs are given Amber scores as they do indicate ability to respond and recover, however they do not make forecasts into the future. 

• Simple alarm response times are crude measures and therefore assigned a Red quality score.

• Methodologies for existing bespoke PCs could be used as a starting point for 
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Summary of categories of metrics and indices

▪ Our review of existing metrics and indices from the water sector and other sectors has identified five priority categories of
metrics and indices that could help to reveal future risks associated with asset health in the context of the packages of 
regulatory reform identified by Workstream 2.

▪ For each of these categories, we assessed how well the existing metrics / indices reveal future asset health risks and what 
could be done to improve this.

Category Coverage of existing metrics across asset base Quality of existing metrics across asset base Recommended activities to reveal future risks associated with asset health

1. Individual 
resistance and 
reliability metrics

Many
More than 100 existing metrics identified.
Many are widely applied across the water sector of 
England and Wales.

Amber
The metrics reviewed often reveal asset health related 
failures but do not indicate future asset health risks. 
Metrics often do not link a failure to a cause (asset health-
related or otherwise)

• Define a package of reliability and resistance metrics for each asset category.

• Assign criticality to each asset category 

• For higher criticality asset categories first, develop methodologies to produce 
forecasts of existing or new metrics under defined future scenarios. 

2. Asset life 
metrics and 
indices

Sparse
We found 16 existing metrics / indices, three of these 
outside the England and Wales water sector. 
Several of the metrics and indices are applicable to all 
or many asset types. There were very few asset-
specific metrics in this category

Amber

The age and remaining life metrics we found do not include 
consideration of future scenarios.

We found three indices, which link remaining life to cost to 
replace. These indices therefore reveal investment needs.

• Consider different approaches to monetise end of life assessments (building on the 
three indices reviewed).

• Evaluate how risk could be included in the metric / index. This could include, for 
example, exploring and refining the concept of tolerable service life.

• Test the application of asset life assessments under different future scenarios.

3. Risk indices Sparse
We found a total of six risk indices, three from the 
England and Wales water sector and three from other 
sectors. 
Metrics from the water sector are related to water 
treatment and distribution.

Amber
The influence of asset health may be masked by other causal 
factors, and by other elements of the index.
All the indices are retrospective.

• Engage companies and regulators in other sectors to understand their perspectives 
on the strengths and weaknesses of existing indices.

• Building on the analysis of indices from other sectors, design and test a risk metric 
for a selected asset category / categories.

4. Outcome-
based metrics

Many
We found 42 metrics in this category, 40 of which 
were from the water sector of England and Wales. 

The existing metrics cover most of the asset base but 
are typically not related to specific assets. 

Amber
As they are outcomes-focused, these metrics are influenced 
by the performance of several asset types. Very few of the 
metrics link an outcome to a cause.
All of the existing metrics are retrospective in focus.  

• Select group of outcome-based metrics and undertake mapping process to link 
these to resistance and reliability metrics.

• Review how outcome-based metrics were projected into the future in the business 
plan / long-term delivery strategy process.

5. Qualitative, 
multi-
dimensional 
indices

None
The two examples we found were originally from other 
sectors.

N/A
Asset health influences likely to be masked by other factors.
The examples we found are retrospective.

• Engage companies and regulators in other sectors to understand their perspectives 
on the strengths and weaknesses of existing indices.

• Consider role for this category of metric to act as a dashboard representing broad 
performance. This could then be linked to other categories of metric/index which 
provide specific information about asset health.
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Common challenges
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Common challenges

There are several common challenges that need to be considered if future asset health risks are to be revealed.

These common challenges apply to all five high-priority categories of metrics.

A. Understanding which asset types to focus on.

B. Deciding how to represent the future (if at all) and managing uncertainty.

C. Understanding how a new approach could perform.

D. Where appropriate, deciding how to represent different levels of asset health intervention/investment and 
demonstrating links between metrics and outcomes.

E. Defining and achieving an appropriate degree of standardisation across the sector.
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Common challenge A: which assets to focus on

▪ Adoption of a common taxonomy when considering asset health will help consistency and comparison across the industry. Adopting an 
approach similar in style to RAG4 has the benefit of supporting alignment to the overarching regulatory framework.

▪ For the purposes of assessing coverage of asset health related metrics under the current project, we have simplified the taxonomy in RAG4 to 
17 asset types.

▪ We assigned relative importance between these asset types based on comparative financial value and broad asset life. Longer life assets 
generally have greater scope for decisions about when to schedule capital maintenance and exposing the risk associated with different capital 
maintenance rates is considered a priority for the project.

▪ The assessment of relative importance could be refined to consider consequence of failure.

▪ Relative importance can be used to indicate which asset types should be prioritised for developing forward-looking asset health metrics.

Water Resources Water Treatment Water Networks Wastewater Networks Wastewater Treatment Sludge 
Treatment

Asset type
Dams and 

impounding 
reservoirs

Transmission 
and 

aqueducts

Booster 
pumping 
stations

Water 
treatment 

works Civils

Water 
treatment 

works MEICA

Booster 
pumping 
stations

Service Res + 
Water 
Towers

Water mains
Communicat

ion pipes
Customer 

meters
Sewers

Sewage 
pumping 

mains
Overflows

Sewage 
pumping 
stations

Sewage 
treatment 

works Civils

Sewage 
treatment 

works MEICA

Sludge 
treatment 

plant

Broad asset 
life

Longer Longer Shorter Longer Shorter Shorter Longer Longer Longer Shorter Longer Longer Longer Shorter Longer Shorter Shorter

Indicative 
financial value

High High Low High Medium Low Medium High High Medium High Medium Medium Medium High Medium Medium

Relative 
importance

Higher Higher Lower Higher Lower Lower Higher Higher Higher Lower Higher Higher Higher Lower Higher Lower Lower
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Common challenge A: suitability of metric types to asset characteristics

▪ Certain metric types are more 
suitable for some asset types/ 
characteristics than others.

▪ Composite metrics (like NARM) 
formulated on appropriate failure 
and deterioration judgements 
could work for most or all asset 
types, but require careful 
formulation to be forward looking 
in terms of deterioration rates,  
weightings and how consequence 
and criticality are incorporated.

▪ An expected remaining service life 
projection could work as a 
‘universal’ forward looking metric 
for all asset groups if the context 
of service life was well developed. 
Appendix B explores this idea in 
more detail.

Lower consequence Higher consequence

Higher 
probability 
of failure

• Example assets: Many water distribution pipes, 
pumping stations, mechanical and electrical 
equipment.

• Asset maintenance approach: Repair on 
failure, refurbish, replace.

• Health measurement: Historic failure 
frequency statistics.

• Health forecasting: 
❖ Projection of failure frequency into future.
❖ Composite metrics (such as NARM).
❖ Expected remaining service life projection.
❖ Higher granularity and analysis information 

by groups or cohorts.

• Example assets: Terminal pumping stations, rising 
mains.

• Asset maintenance approach: Asset monitoring may 
be used for risk management and pre-emptive. 
maintenance planning. Refurbish and replace.

• Health measurement: Condition grades and history. 
Historic failure frequency statistics.

• Health forecasting: 
❖ Projection of failure frequency into the future using 

statistical methods. Expected remaining service life 
projection.

❖ Higher granularity analysis and information by 
cohort groups.

Lower 
probability 
of failure

• Example assets: Non-critical sewers.
• Asset maintenance approach: Longer expected 

life. Fix/repair on failure.
• Health measurement: Representative 

condition surveys. 
• Health forecasting: 
❖ Composite metrics.
❖ Medium granularity of analysis using size 

and material groups if known. Expected 
remaining service life projection.

❖ Age.

• Example assets: Dams and reservoirs, aqueducts, 
critical sewers, civil structures, trunk mains.

• Asset maintenance approach: Inspection and 
monitoring used to manage risk. Repair and refurbish 
in perpetuity.

• Health measurement: Condition grading, material 
degradation assessments, movement monitoring and 
trending.

• Health forecasting: 
❖ Engineering assessments and projections.
❖ Expected remaining service life projection.
❖ Lower granularity assessments, even asset level 

information.
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Common challenge B: representing the future

There are several potential ways in which different futures could influence capital maintenance:

▪ Faster material deterioration processes may reduce asset strength more quickly.

▪ Increased loads on assets may shorten their remaining life (where load exceeds strength).

▪ The demands on the performance and capacity of assets may be higher to maintain same level of service.

▪ Expectations of acceptable service may change, and in some instances, there may be an interplay between capital maintenance and performance 
under more challenging futures.

In this context, it is likely we will need to define a set of future scenarios to ensure 
consistency across the industry. The Long-term Delivery Strategy guidance outlined 
eight potential future scenarios (opposite). 

Companies could be asked to consider asset health impacts under these scenarios (an 
approach which would lead to a range of interpretations and applications). Alternatively, 
a set of asset health related impacts could be agreed between and then tested by 
companies in a consistent way.

The future is inherently uncertain but by recognising and planning for uncertainty we 
should be able to support long-term resilience and sustainability, build stakeholder 
confidence, and make informed choices and strategic decisions.

A challenge to overcome is the disconnect between the need to accept and embrace 
uncertainty on the one hand, and a regulatory approach that is data heavy on the other. 
As an example, the LTDS process required forecasts of expenditure under different 
futures against different categories out to 2050 down to £1000’s.
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Common challenge C: understanding how a new approach could 
perform
Understanding how a ‘new’ approach could perform will be an important consideration informing how to build 
confidence in that approach and secure its wide adoption. This understanding could be informed by hindcasting 
and / or shadow reporting:

Hindcasting

▪ Hindcasting (sometimes called backtesting) is a method that can be used to estimate the performance of a 
strategy or model if it had been used in the past.

▪ In the context of new asset health and cost assessment processes, hindcasting would involve simulating past 
asset health with sufficient detail to evaluate how a new approach would have performed if it had been used in 
the past. Hindcasting can include behavioural impacts.

▪ Hindcasting may indicate that an alternative path might have been followed using the new strategy/process.

▪ Hindcasting may enable new asset health metrics and cost assessment models to be validated and refined using 
historic data. Hindcasting could form part of a collaborative calibration, testing and validation process.

▪ Using hindcasting to estimate the performance of new asset health and cost assessment models would:

− Require detailed historical data on asset health and behavioural impacts to be available.

− Need to recognise that behavioural impacts would be most difficult to assess.

− Need to recognise that methods which perform well with historic data may not always work well with future challenges.
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Common challenge C: understanding how a new approach could 
perform

Shadow reporting:

▪ Familiar to water utilities, shadow reporting has origins as a tool 
used by NGOs to present alternative information to reports that 
governments are required to submit under human rights treaties. 
Shadow reporting allows organisations to provide additional 
insights and perspectives to those required under formal 
reporting arrangements. 

▪ The American Society of Civil Engineers (ASCE) produces the 
‘Making the Grade: US Infrastructure Assessment’

Making the Grade: US Infrastructure Assessment | ASCE 2021 (infrastructurereportcard.org)

▪ As an informational remedy, balanced information on asset health 
projects and perceived long-term funding needs could be made 
available through an organised shadow reporting methodology.

▪ More akin to Ofwat’s use of shadow reporting, a new cost 
assessment process could be developed and reported in parallel 
to current regulatory methods. 

▪ Workstream 2 recommends consideration of an adaptive 
approach to implementing portfolios of remedies to the current 
challenges.
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Common challenge D: different levels of asset health intervention
▪ Demonstrating a link between metrics and 

the outcomes that are desired and how 
they can be tracked is important in 
communicating with stakeholders.

▪ To assess future asset health risks, we need 
to understand the implications of different 
potential rates of intervention and the 
performance that they might achieve.

▪ For example, what would the health 
(performance and service) be if we:

− Did nothing?

− Delivered ‘recent’ levels of maintenance?

− Delivered an ‘enhanced’ level of service?

▪ We would also need to know what level of 
intervention activity and costs are required 
under each of these levels. The charts 
illustrate how projections for different 
intervention levels for a water distribution 
system could be plotted.

▪ Similar charts could be plotted for 
composite health metrics and remaining 
life estimates.
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Common challenge E: standardisation of asset types

▪ Ofwat’s RAG 4 series presents a taxonomy of 100+ asset types across the water resources, water network +, wastewater network + and bioresources price controls. 
However, each company has their own classification and hierarchy built into IT systems.

▪ We understand there is a current UKWIR project to develop an accepted taxonomic set of asset classes or types to be used in comparative assessment of asset health. By 
using a common taxonomy, companies could make asset health projections consistent at output, however aligning underlying data and information at source is likely to 
be more challenging.

▪ ISO 14224 defines a taxonomy as: a systematic classification of items into generic groups based on factors possibly common to several of the items. Note: ISO 14224 
provides a comprehensive basis for the collection of reliability and maintenance data in a standard format for equipment in all facilities and operations within the 
petroleum, natural gas and petrochemical industries

▪ Infrastructure assets generally have a hierarchy of taxonomic classification that breaks down from service type to large units, then to assets, then to components. An 
asset hierarchy helps to provide the business with the framework in which data is collected, information is reported, and decisions are made.

▪ An asset hierarchy can be based on asset function or asset type, or some combination (see figure from the International Infrastructure Management Manual, 2015).

▪ Factors to consider when defining a hierarchy include:

− The different types of assets to be managed.

− The information required to support management of assets.

− Reporting requirements.

− How assets are valued.

− How maintenance activities and costs are assigned.

− The capabilities of asset management systems.

− How the sector is regulated and the expectations / requirements of other stakeholders.

▪ The use of a common set of ‘asset classes’ as the basis of making asset health forecasts would aid comparison across         
the sector and would therefore support application in a future regulatory framework.

▪ There will be considerable work for organisations to embed new asset taxonomies into their IT systems and processes. 
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Consistency of outputs: at 
the asset class level

Consistency of process 
and analytical approach: 
Including metrics, and sub 
asset classes and failure 
models

Common challenge E: consistency of approach

▪ Greater standardisation may be desirable 
because it would support inter-sector 
comparison for stakeholders and build 
confidence with consistent evidence and 
assurance.

▪ However, it is inevitable that achieving a 
consensus on greater standardisation will take 
time and there could be longer-term 
implications for the data and information 
systems used by individual companies.

▪ Standardisation may also stifle innovation.

▪ The question of how far to standardise is 
relevant to many aspects of understanding 
future asset health risks:

− Standardised asset classes and sub-
divisions, e.g. cohorts of pipe material, 
diameter, era, ground type.

− Historic data (to an extent, this is already in 
place) e.g. standardised definitions of 
historic observations for ‘events/activities’ 
and historic metric reporting guidance.

− Future data such as future scenario 
guidance with flexibility for local 
adjustments e.g. for forming reporting 
cohorts.

▪ The desire for greater or lesser consistency will 
drive decisions related to common challenges 
A, B C and D.

Consistency may be achieved at different data processing stages. Consistency at the output stage may be appropriate to provide 
consistent insights into future capital maintenance needs in the longer-term whilst enabling organisations to develop and explain 
their own approaches.  The NARM approach is consistent at the process stage (for asset class level and failure model levels) and is 

supported by guidance. Consistency of inputs (asset hierarchy, asset definitions, criticality definition, condition and performance 
assessments) may be more difficult to achieve but would improve confidence in the metric.

Independent auditing and 
assurance may be required 
to demonstrate consistency 
at more granular levels of 
data acquisition, recording 

and analytics.

Tools like Ofwat’s AMMA could 
provide confidence that 

organisations are providing 
outputs that are consistent  and 

based on good asset 
management practices even if 
input data and process are not 

fully consistent.

Consistency of inputs: 
asset hierarchy, asset 
definitions, criticality 
definition, condition and 
performance assessments

Consistent 
basis for 
insights
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Summary of common challenges

A
• Consider the applicability of metrics to asset 

groupings based on probability of failure and 
consequence of impact. 

Asset 
types

• Relative importance can be used to indicate which 
asset types should be prioritised for developing 
forward-looking asset health metrics.

• Certain metric types are more suitable for some 
asset types/ characteristics than others.

B

D

E

Future 
uncertainty

• Consider making future scenarios consistent with the 
Common Reference Scenarios in the Long-term 
Delivery Strategy.

• It is likely we will need to define a set of future 
scenarios to ensure consistent consideration of 
future asset health risks across the industry.

• We will also need to define ways to embrace 
uncertainty in decision making.

Asset 
interventions

• Develop guidance for intervention forecasts. e.g. Do 
nothing, Maintain at historic levels, Maintain at 
sustainable level. This will help to expose asset 
health, performance and service trade-offs for 
different interventions levels. 

• To assess future asset health risks we need to 
understand the implications of different 
potential rates of intervention.

• Also need to understand costs and activities at 
each intervention level.

Common 
approaches

• Understand the end-to-end process of any new approach and 
consider where and how standardisation could be applied at 
each stage.

• Make this assessment alongside the expectations and needs of 
all users (company, customer, regulator, public).

• Greater standardisation would support inter-sector 
comparison.

• It would also take time, may stifle innovation and 
may prevent accounting for local conditions.

CNew 
approach

• Develop hindcasting methodologies for ‘new’ approaches to 
validate expected outputs and behaviours. 

• Implement a form of ‘shadow’ reporting to put information in 
public domain e.g. for NARM and Remaining Asset Service Life 
approach. 

• Understanding how a ‘new’ approach could perform 
will inform how to build confidence in that approach 
and secure its wide adoption. 

• This understanding could be informed by 
hindcasting or shadow reporting.

Notes Recommendations
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Conclusions

78

▪ This workstream had the aim of supporting the development of an approach to secure long-term resilience of assets and service from 
sustainable levels of capital maintenance through the development of suitable asset health and/or resilience metrics. It had two objectives (see 
below table).

▪ To address our objectives, we reviewed more than 400 metrics from the England and Wales water sector and other sectors and evaluated them 
against criteria to understand if they could reveal future asset health risks (Merit) and how challenging it would be to roll out the metric across 
the sector (Deliverability). The full dataset is provided as a separate MS Excel file.

▪ We then grouped prospective metrics in to five Categories, aligned these to the five Packages of potential regulatory reform developed by 
Workstream 2, and identified what actions would be needed to create refined categories of metrics which supported each Package.

Objective Findings

To assess how well existing metrics 
help to reveal future asset health 
risks and to identify the 
characteristics of metrics that 
would help to close any gaps.

• More than 400 metrics reviewed, more than 300 unique. Only 23 forward-looking metrics.

• Across all categories of existing metrics, there are very few metrics that focus on future risks. This is a 
common challenge for the industry.

• It may be possible to create forecasts of the metrics if future scenarios and modelling methodologies can be 
agreed.

To understand what types of 
metric could be used to improve 
regulation of capital maintenance 
(linking to Workstream 2).

• All metrics were mapped to a regulatory lens (with tags aligned to the needs of different aspects of 
regulation). There are a large proportion of asset failure and condition metrics. Very few metrics define cause 
of failures / outcomes.

• To understand how asset health impacts outcomes, resistance and reliability metrics (Category 1) need to be 
mapped to outcome metrics ( Category 4).

• A risk index (Category 3) could be used to report on asset health risks in a consistent way across the industry 
– it would need careful design and testing.

• An asset life index (Category 2) could be valuable under several packages.
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Summary of recommendations

Categories of 
Metrics

Relevance to Packages Recommended activities Recommendations to address common challenges

P2 P3 P4

C1. Individual 
resistance and 
reliability metrics

5 5 3

• Define a package of reliability and resistance metrics for each asset category.

• Assign criticality to each asset category 

• For higher criticality asset categories first, develop methodologies to produce forecasts of 
existing or new metrics under defined future scenarios. 

A: asset types: 
• Consider the applicability of metrics to asset groupings based 

on probability of failure and consequence of impact. 

B: future uncertainty: 
• Consider defining scenarios that demonstrate the relationships 

and trade-offs associated with different levels of longer-term 
capital maintenance expenditure and health, performance, 
service or outcomes under different futures.

C: new approach: 
• Develop hindcasting methodologies for ‘new’ approaches to 

validate expected outputs and behaviours. 
• Implement a form of ‘shadow’ reporting to put information in 

public domain e.g. for NARM and Remaining Asset Service Life 
approach. 

D: asset interventions: 

• Develop guidance for intervention forecasts. e.g. Do nothing, 
Maintain at historic levels, Maintain at sustainable level. This will 
help to expose asset health, performance and service trade-offs 
for different interventions levels. 

E: common approaches: 
• Understand the end-to-end process of any new approach and 

consider where and how standardisation could be applied at 
each stage.

• Make this assessment alongside the expectations and needs of 
all users (company, customer, regulator, public).

C2. Asset life 
metrics and indices

3 3 2

• Consider different approaches to monetise end of life assessments (building on the three indices 
reviewed).

• Evaluate how risk could be included in the metric / index. This could include, for example, 
exploring and refining the concept of tolerable service life.

• Test the application of asset life assessments under different future scenarios.

C3. Risk indices

4 4 5

• Engage companies and regulators in other sectors to understand their perspectives on the 
strengths and weaknesses of existing indices.

• Building on the analysis of indices from other sectors, design and test a risk metric for a selected 
asset category / categories.

C4. Outcome-based 
metrics

5 5 5

• Select group of outcome-based metrics and undertake mapping process to link these to 
resistance and reliability metrics.

• Review how outcome-based metrics were projected into the future in the business plan / long-
term delivery strategy process.

C5. Qualitative, 
multi-dimensional 
indices 2 2 2

• Engage companies and regulators in other sectors to understand their perspectives on the 
strengths and weaknesses of existing indices.

• Consider role for this category of metric to act as a dashboard representing broad performance. 
This could then be linked to other categories of metric/index which provide specific information 
about asset health.

▪ Workstream 2 has proposed that Packages 2, 3 and 4 be progressed in parallel as they share similar requirements for new 
information. Workstream 2 has proposed that Packages 1 and 5 be dropped from further consideration at this stage.

▪ Packages 2, 3 and 4 require metric Categories 1, 2, 3, 4 and 5.

▪ The below table summarises the recommendation against each of these Categories as well as for common challenges.
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Timings and delivery approaches

Categories of metrics Recommended activities Suggested timing (FY)

C1. Individual 
resistance and 
reliability metrics

• Define a package of reliability and resistance metrics for each asset category. Q3 and Q4 2024

• Assign criticality to each asset category. For higher criticality asset categories first, develop methodologies to produce forecasts of existing or new 
metrics under defined future scenarios. 

2025

C2. Asset life metrics 
and indices

• Consider different approaches to monetise end of life assessments (building on the three indices reviewed). Q3 and Q4 2024

• Evaluate how risk could be included in the metric / index. This could include, for example, exploring and refining the concept of tolerable service life. Q3 and Q4 2024

• Test the application of asset life assessments under different future scenarios. 2025

C3. Risk indices • Engage companies and regulators in other sectors to understand their perspectives on the strengths and weaknesses of existing indices. Q3 and Q4 2024

• Building on the analysis of indices from other sectors, design and test a risk metric for a selected asset category / categories. 2025

C4. Outcome-based 
metrics

• Select group of outcome-based metrics and undertake mapping process to link these to resistance and reliability metrics. Q3 and Q4 2024

• Review how outcome-based metrics were projected into the future in the business plan / long-term delivery strategy process. 2025

C5. Qualitative, multi-
dimensional indices

• Engage companies and regulators in other sectors to understand their perspectives on the strengths and weaknesses of existing indices. Q3 and Q4 2024

• Consider role for this category of metric to act as a dashboard representing broad performance. This could then be linked to other categories of 
metric/index which provide specific information about asset health.

2025

▪ Initial activities to take forward categories 1 to 5 could take place over the 3rd and 4th quarters of the 2024 calendar year.

▪ Testing of metrics, including under future scenarios could take place in 2025.

▪ We recommend these activities are completed under the guidance and steer of a group of representatives from all England 
and Wales water and sewerage companies and water only companies, and the regulators of the sector.

▪ There may be synergies with the recently commissioned UKWIR project on asset health. A review is needed of the UKWIR 
project scope to determine if long-term asset renewal risks, linking asset health to cost assessment, considering expected life 
and NARM-type indices are included.
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Timings and delivery approaches

Common challenge Recommended activities Suggested timing (FY)

A: Understanding which asset types to focus 
on

• Consider the applicability of metrics to asset groupings based on probability of failure and 
consequence of impact.

Q3-Q4 2024.

B: Deciding how to represent the future (if at 
all) and managing uncertainty

• Consider defining future scenarios consistent with the Common Reference Scenarios in the 
Long-term Delivery Strategy.

Q3-Q4 2024.

C: Understanding how a new approach could 
perform

• Develop hindcasting methodologies for ‘new’ approaches to validate expected outputs and 
behaviours.

• Implement a form of ‘shadow’ reporting to put information in public domain e.g. for NARM 
and Remaining Asset Service Life approach.

Hindcasting Q1 to Q2 2025. Validation and 
improvement: Q3 to Q4 2025.
Shadow reporting regime:  Q1 to Q2 2026.

D: Where appropriate, deciding how to 
represent different levels of asset health 
intervention/ investments

• Develop guidance for intervention forecasts. e.g. Do nothing, Maintain at historic levels, 
Maintain at sustainable level. This will help to expose asset health, performance and service 
trade-offs for different interventions levels.

Q3-Q4 2024.

E: Defining and achieving an appropriate 
degree of standardisation and consistency 
across the sector

• Understand the end-to-end process of any new approach and consider where and how 
standardisation could be applied at each stage.

• Make this assessment alongside the expectations and needs of all users (company, customer, 
regulator, public).

Q3-Q4 2024.

The timelines suggested above are relatively ambitious, but illustrate the approximate timing that will need to be achieved if a shadow reporting regime were to be implemented in time to 
gather several years of data prior to a price review type activity in 2029. The challenge in achieving this timeline relates to forming cross-sector consensus on the metrics to be used and the 
degree of consistency and standardisation of reporting that is considered desirable.
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A: additional context on asset 
management decision making

85

The common framework was developed in response to an Ofwat’s letter to 
Managing Directors of water companies in 2002: “Each company needs to 
demonstrate how the flow of services to customers can be maintained at least cost 
in terms of both capital and operating expenditure, recognising the trade off 
between cost and risk, whilst ensuring compliance with statutory duties. Appraisals 
of capital maintenance, operating expenditure and risk can be compared using 
discounted cash flows.”

The common framework comprises six planning steps. The scope includes asset 
health metrics and developing a capital maintenance plan based on forecasting 
asset health and the link to service provision. These steps could be used when 
considering how asset health and resilience metrics could be developed further 
and applied by companies.

1. Define planning objective:

− Cost effective for maintaining service.

− Cost benefit for enhancing service.

2. Track serviceability indicators.

3. Forecast service to customers and environment by:

− Undertaking analysis of historical failure data to inform failure probability.

− Quantify the consequences of failure preferably using serviceability 
measures.

4. Identify intervention options to meet the planning objective:

− Capital maintenance schemes.

− Operational changes.

5. Assess cost and value of interventions.

6. Select optimal interventions.

CAPITAL MAINTENANCE PLANNING: A COMMON FRAMEWORK - VOLUME 2: THE 
COMMON FRAMEWORK PLANNING PROCESS (ukwir.org)

 

 

Common Framework Components 

Intervention 

options 

Capex, Opex  

and cost  

consequences 

of failure 

Valuation of 

service 

Serviceability 

indicators 

Selection of 

optimal 

interventions 

Forecasting 

of service 

Planning 

objectives 

Asset 

observations 

Summary:
• Risk-based planning is central to the Common Framework
• It considers base and enhancement capital maintenance.
• It provides flexibility for individual companies to build their case.
• Provides a framework for building a capital maintenance plan not a prescriptive approach..
• Not devised to be an asset health reporting framework. 

https://ukwir.org/eng/reports/02-RG-05-3/66838/CAPITAL-MAINTENANCE-PLANNING-A-COMMON-FRAMEWORK--VOLUME-2-THE-COMMON-FRAMEWORK-PLANNING-PROCESS
https://ukwir.org/eng/reports/02-RG-05-3/66838/CAPITAL-MAINTENANCE-PLANNING-A-COMMON-FRAMEWORK--VOLUME-2-THE-COMMON-FRAMEWORK-PLANNING-PROCESS
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Appendix B: exploring an asset 
life metric and generating capital 
maintenance forecasts
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B: Asset life expectancy
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▪ Asset life is a concept that is broadly recognised and used across different sectors.

▪ The useful life of an asset relates to the duration over which an asset can remain functional, provide a service 
and generate an income.

▪ Asset life can be used in:

− Accounting to understand the depreciated assed value.

− Risk and service management to plan for and prioritise asset repair and refurbishment.

− Financial planning to forecast and make provision for future asset repair and refurbishments.

▪ Although simple, the concept of asset life can be nuanced and sophisticated:
− Asset life represents the period over which an asset can reasonably be expected to serve its purpose effectively:

− Factors affecting useful life include:

▪ Physical conditions such as loads, hazards and conditions affecting deterioration rates.

▪ Non-physical such as technical obsolescence. 

▪ What reliability and service is considered cost-effective and appropriate.

▪ How asset life can be defined in the context of criticality and service provision needs further development and is 
explored in the next slides.
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B: Expected service life concepts

88

▪ The expected serve life of assets can be 
represented by failure probability density 
functions (PDF).

▪ PDFs (e.g. Weibull) are commonly used to 
simulate the expected life of rotating 
machinery in reliability analysis.

▪ The concept could be extended to longer-life 
assets and used as the basis of exposing 
future asset risk.



©Jacobs 2024

B: Expected service life concepts
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▪ This diagram shows the relationship between time (or age) and failure 
probability for an asset or group of assets subject to a constant load with 
deteriorating asset strength. There is an increasing probability of failure 
as the load distribution exceeds the strength distribution.

▪ The diagram brings together the concepts of:

− Loads placed on assets.

− Strength of assets.

− Deterioration.

− Failure probability.

− Service life.

− Uncertainty/failure distributions.

− Average service life at failure.

− The service life that may be tolerable in relation to criticality and service risk.

▪ Service life relates to the duration of satisfactory performance under 
defined conditions.

▪ Service life is a more nuanced and insightful than asset age.

Targeted Review of Asset Health and Resilience in the Water Industry - report from CH2M – Ofwat
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https://www.ofwat.gov.uk/publication/targeted-review-asset-health-resilience-water-industry-report-ch2m/


©Jacobs 2024

B: Expected service life concepts
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This slide presents two versions of the expected service life diagram. In diagram B the asset class is illustrated as deteriorating more quickly and 
having a shorter asset life leading to a shorter tolerable service life.

Time

Lo
ad

St
re

n
gt

h

Average service life at 
failure

Service life 
distribution

Failure 
probability

Load

Reducing strength due 
to deterioration

Distribution of 
strength

Distribution of 
load

Tolerable 
service life?

Time

Lo
ad

St
re

n
gt

h

Average service life at 
failure

Service life 
distribution

Failure 
probability

Load

Distribution of 
strength

Tolerable 
service life?

Distribution of 
load

A. Reference asset class, criticality and criticality 
combination.

B: Compared to A, asset class B deteriorates more quickly 
reducing the average service life and tolerable service life. 
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B: Expected remaining life and tolerable risk

Lower criticality: Manage through fix on fail 
strategies: Set ‘expected service life’ to tolerate 
full ‘mean’ expected service life of asset group at 
failure.

Medium criticality: Managed through planned and 
unplanned maintenance strategies: Set ‘expected 
service life’ to tolerate shorter expected service 
lives of asset group to manage risk.

Higher criticality: Managed through early 
planned maintenance and refurbishment to 
extend service life: Set ‘expected service life’ 
to tolerate low levels of failure probability 
and appropriate risk levels.

Average life at failure

Tolerable service life?
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The three diagrams on this slide show how asset criticality can be reflected in a tolerable service life threshold to simulate different 
maintenance strategies for risk management. 
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B: Applying risk thresholds and monetisation

▪ Building further on the asset life and tolerable risk 
thresholds, this slide illustrates how the  
probability thresholds for capital maintenance 
could be applied to simulate maintenance regimes 
and combined with a monetisation method to 
generate capital maintenance forecasts.

− Capital maintenance estimates using service and 
remaining service life based on tolerable risk 
thresholds could be generated.

− The table shows example asset classes with 
probability thresholds used to simulated maintenance 
regimes and the MEAV proportion assumed to 
represent the simulated maintenance regime.

▪ Note: This example was taken from a historic 
company asset data set where hierarchy and 
granularity meant that it was not possible to 
consistently differentiate between Electrical, ICA, 
mechanical and hence a general MEICA category 
was required. This type of issue with asset 
hierarchy and granularity is illustrative of the 
challenges that may by faced when implementing 
asset health metrics. 

Asset Class
Probability 
Threshold

Simulated 
maintenance regime

Proportion of MEAV per 
intervention

Boreholes 0.25% Inspect_Maintain 1.0%

Buildings 1.0% Inspect_Maintain 1.0%

Dams 0.005% Inspect_Maintain 1.0%

Electricals 63.0% Replace 100.0%

Equipment 63.0% Replace 100.0%

Fencing 63.0% Replace 100.0%

Hardstandings 63.0% Repair 10.0%

ICA 63.0% Replace 100.0%

IT Hardware 63.0% Replace 100.0%

IT Software 63.0% Replace 100.0%

Kiosks 63.0% Refurbish 30.0%

Land 63.0% Inspect_Maintain 0.0%

Mechanical 50.0% Refurbish 30.0%

MEICA 63.0% Replace 100.0%

Pipes 63.0% Replace 100.0%

Reservoirs 0.01% Inspect_Maintain 1.0%

Structures 0.5% Inspect_Maintain 1.0%

Vehicles 63.0% Replace 100.0%
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B: Applying risk thresholds and monetising risk

▪ Illustrative outputs: Combining probability 
distributions, probability thresholds and MEAV into 
shorter and longer term forecasts.

▪ The charts are generated by summing the 
proportion of MEAV per intervention for each asset 
in the year that the asset reaches the intervention 
probability threshold. The intervention is simulated 
to return the asset back to the beginning of the PDF 
curve which is a low probability of failure.
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B: Applying risk thresholds and monetising asset life risk

▪ As an indicative, illustrative output, capital maintenance forecasts 
could be compared for different probability thresholds, including do 
minimum. 

▪ In the illustration the probability thresholds for interventions are 
higher in the ‘alternative’ case and capital spend needs are deferred 
into the longer term.

Asset Class Probability Threshold 1
Probability Threshold 
alternative

Borehole 0.0025 0.003

Building 0.01 0.05

Dam 0.00005 0.001

Electrical 0.63 0.7

Equipment 0.63 0.7

Fencing 0.63 0.7

Hardstanding 0.63 0.7

ICA 0.63 0.7

IT Hardware 0.63 0.7

IT Software 0.63 0.7

Kiosk 0.63 0.8

Land 0.63 0.8

Mechanical 0.5 0.63

MEICA 0.63 0.8

Pipes 0.63 0.7

Reservoir 0.0001 0.005

Structure 0.005 0.01

Vehicles 0.63 0.7

Probability Threshold 1

Probability Threshold alternative
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B: Linking remaining service life to performance and service

High-level assumptions could also be 
used to relate the size/capability and 
function of assets to performance and 
service to understand the trade-offs in 
capital expenditure with service 
provision.
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B: Expected and remaining life indicators

Opportunities Challenges

• Expected and remaining life estimates could be compared 
across asset groups and organisations.

• Expected and remaining life estimates could be linked to 
performance and service to understand the trade-offs 
between capital maintenance expenditure and service.

• Expected life distributions can be projected forward using 
appropriate methods.

• Expected life distributions are flexible enough to consider 
criticality and consequence by setting different thresholds 
for life related to asset reliability, performance and service.

• An asset health approach based on expected life ‘process’ 
could allow organisations to define and explain their own 
expected asset lives in response to local conditions or be 
more prescriptive if greater standardisation is required.

• Time would be required to develop trust in the forecasts.
• Organisations would be required to construct forecasting 

models or adopt a common model.
• An expected life forecasting process could be linked to 

service and outcomes using high level relationships 
between failure probability distributions and service 
measures. 

• Independent assurance and auditing may be required.
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C: Metrics Workbook
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▪ All the metrics compiled and evaluated on this project are listed in a Microsoft Excel 
file which is appended to this report.

▪ Title: Metrics Workbook

▪ File name: B245771I_AHandOpRes_MetricsWorkbook_Rev-v3.xlsx

▪ Version history:

Rev Issue date Revision description Prepared by Checked by Reviewed by Project approval

v2 7 June 2024 Draft for client review James Lofts, Matt 
Crawford

Alex Lane, Alec 
Yeowell

Greg Tate Zac Alexander

v3 1 July 2024 Final - no change to draft - - - -
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