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ABSTRACT 

Many distribution network operators are facing increasing 
regulatory pressures to maintain or reduce the risk levels 
associated with their infrastructure assets. As well as 
budgetary constraints, the industry has the additional 
challenge of a diminishing number of skilled workers as 
high numbers of the workforce approach retirement. 
Hence, a means of balancing investment needs with the 
resources available enables asset managers and decision 
makers within a network operator to plan a sustainable 
asset management strategy with an understanding of the 
future skills requirements within the business. 

INTRODUCTION 

Risk based methodologies have become increasingly 
commonplace in distribution network businesses to assist 
with planning and investment decision making. The 
authors have worked extensively with transmission and 
distribution companies around the world to develop and 
apply condition and risk-based processes; this work has 
been presented at previous CIRED events [1],[2]. 
 
For any investment plan, there is a requirement to 
understand the level of resource required to deliver the 
plan. For human resources, this involves having the right 
number of people available at the right time in the right 
location with the right skills. In addition to the planned 
replacement and refurbishment activities, there is also a 
requirement to ensure that the assets are inspected and 
maintained in line with company-specific policies. 
 
This paper highlights recent developments to model the 
resources needed to implement different intervention 
types, together with the underlying manpower 
requirements for routine inspection and maintenance 
activities. It also considers the opportunities to forecast 
skills requirements in future years and to identify the in-
house and out-sourcing requirements to address any 
potential skill gaps. 

CONDITION BASED RISK MANAGEMENT 

EA Technology’s Condition Based Risk Management 
methodology is a structured process that combines asset 
information, engineering knowledge and practical 
experience to define current and future condition, 
performance and risk.  
  

 
 
As detailed in previous papers[1],[2], the first stage of the 
process is to derive a numeric representation of the current 
condition of each asset in the form of a health index. It is 
then possible to predict how an asset will behave in the 
future based on knowledge of the degradation processes 
involved. Historical fault and performance data are then 
analysed to determine the relationship between the health 
index and the probability that an asset will continue to 
function correctly. Future failure rates are determined from 
the aged health index profiles and the relationship between 
health index and probability of failure.  
 
Asset risk is quantified in monetary terms by combining 
the probability of failure value obtained from the health 
index with the consequences of failure. The consequences 
of failure are typically defined in four categories: network 
performance, safety, financial and environmental. In each 
category, the consequences (e.g. SAIDI/CAIDI for 
network performance, fatalities and injuries for safety and 
quantity of oil, SF6, etc. for environmental) are converted 
to a common monetary unit as described in a previous 
paper[1]. The relative importance of individual assets is 
accounted for by defining the 'criticality' of the asset 
separately in each of the categories.  
 
By quantifying risk in financial terms, the risk associated 
with the different consequences of failure can be summed 
to provide an assessment of total risk, which enables 
comparisons to be made across asset categories (e.g. power 
transformers and overhead tower lines). Because the 
measure of risk is the same for all assets, the benefit (the 
reduction in risk) of different intervention strategies 
involving any combination of different assets can be 
compared. 

INVESTMENT OPTIMISATION  

The effect of different investment scenarios can be 
quantified in terms of the number of failures and the 
network performance, safety, financial and environment 
risk. Examples of different scenarios that can be 
considered include: 

 maintaining the current level of risk over a defined 
time period (for example, by replacing a fixed 
percentage/number of the asset population per year); 
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 maintaining the existing failure rate over a defined 
time period; and 

 targeted intervention to replace/repair specific assets 
in selected years. 

 
As risk is quantified in monetary terms, it is possible to 
make a direct comparison of the financial value of different 
investment programmes by considering the investment 
cost versus risk on a present value basis[2]. Using this 
approach, the financially optimum year for the 
replacement of each asset can be calculated. The individual 
asset optimisations can be combined to generate the lowest 
overall cost investment programme, taking risk into 
account. Such a programme is illustrated in Figure 1; this 
shows the number of assets that need to be replaced each 
year and the replacement cost. It is very easy using this 
methodology to model the effects of different strategies 
and to determine the additional costs incurred by deviating 
from the financially optimised plan.   

 

Figure 1 Baseline: Financially Optimum 
Replacement Programme 

 
 

RESOURCE AND SKILLS REQUIREMENTS  

Once the optimum investment plan has been identified, 
there is a requirement to understand the level of resource 
required to deliver the plan. This involves the deployment 
of the appropriate number of suitably skilled people in the 
correct location at the right time as illustrated in Figure 2. 
The resources needed for implementing the asset 
investment plan must also be considered alongside the 
requirements for other planned and non-planned activities, 
such as maintenance and inspection, load related 
investments and fault repairs.   
 

 

Figure 2 Identifying Future Resource Requirements 
 
The financially optimum asset investment plan in Figure 1 
defines the number of replacements, the timing of the 
replacements and identifies the specific assets that are to 
be replaced. By grouping assets according to key 
characteristics and defining the resources required to 
undertake the replacement for each sub-group (in terms of 
the number of people of each skill level required, and the 
length of time they are needed) a projection of the resource 
levels required to deliver that optimum asset investment 
plan is derived. This is then combined with the resource 
levels needed to deliver the ongoing maintenance to 
determine the overall resourcing requirements, as 
illustrated in Figure 3. As might be expected, the 
resourcing level varies from year to year reflecting the 
'lumpy' nature of the optimised replacement programme as 
well as fluctuations in the underlying maintenance and 
inspection activities. 
 

 
Figure 3 Resource Requirement to Deliver the 

Financially Optimum Replacement 
Programme 

 
Adjusting the timing of the planned replacements might be 
an option considered to provide a smoother resource 
profile over the coming years. For example, the asset 
replacement profile illustrated in Figure 4 has the same 
number of asset replacements as the financially optimum 
plan, but the timing of some replacements has been 
adjusted to provide a flat profile over the first 10 years, 
increasing slightly from year 10 to reflect the higher 
volume of replacements required over the latter 10 years. 
Whilst this does lead to a much smoother investment 

1. Agree interventions 
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2. Identify the skills 
requirements for 
each intervention
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existing resource 
base

• Replacement
• Refurbishment
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• Role (e.g. jointer, fitter, 
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• Activity (e.g. install new 
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profile, the underlying maintenance and inspection 
activities mean there are still fluctuations in the resource 
requirements. 

 
Figure 4 Scenario 1: Alternative (Smoothed) Asset 

Replacement Programme 
 
Rather than smoothing the investment profile, an 
alternative approach is to consider the level of investment 
that can be delivered with a fixed level of resource. This is 
illustrated in Figure 5. The number of replacements still 
varies from year to year due to the underlying level of 
planned activities.  In this scenario, the level of staffing has 
been derived by considering the average level of resources 
required to deliver the financially optimum investment 
plan. The number of replacements that can be delivered 
over the 20-year period is slightly lower (3%) than that 
delivered by the financially optimum plan. 

 
Figure 5 Scenario 2: Asset Replacement Programme 

with Fixed (Constant) Staffing Levels 
 
The third scenario considered has as its starting position 
the actual staffing levels, which are 6% lower than the 
average level required to deliver the financially optimum 
programme. For this scenario, it is assumed that staffing 
levels can be increased by 12% after year 10. Thus, 
staffing levels are 6% lower than that required to deliver 
the optimum for the first 10 years, but 6% higher for the 
last 10 years. The replacement programme that can be 
delivered under this scenario is shown in Figure 6.  

 
Figure 6 Scenario 3: Asset Replacement Programme 

with Reduced Initial Staffing Levels, 
increased after Year 10 

 
A comparison of the number of asset replacements made 
under the different resourcing scenarios considered is 
presented in Table 1.   
 
Table 1 Number of Replacements (as a % of Baseline) 
 
  Years 
Scenario Description 0-10 11-20 0-20 

Baseline 
Financially Optimum 
Investment 

100 100 100 

Scenario 1 
Smoothed 
Replacement Volumes 

100 100 100 

Scenario 2 
Fixed (Constant) 
Manpower 

113 83 97 

Scenario 3 
Increased Manpower 
in Y10 

73 106 91 

 
Scenario 3, with the initial shortfall in staff, has the lowest 
level of replacements, achieving only 73% of the 
investments indicated by the financially optimum plan in 
the first 10 years. The increase in staffing level over the 
second half of the period is not sufficient to enable all the 
replacements identified under the financially optimum 
plan to be implemented. 
 
Figure 7 provides a comparison of the risk profiles under 
the asset replacement scenarios summarised in Table 1.   
 

 
 

Figure 7 Risk Profiles for the Different Asset 
Replacement Programmes 
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The risk profile associated with the financially optimum 
replacement plan is shown as the solid black line in Figure 
7. The profile for the smoothed investment plan (dashed 
grey line) is very close to that for the financially optimum 
plan, with minor variations corresponding to the re-
scheduling of investments. However, this can only be 
achieved with a fluctuating level of resource.  
 
The two solid grey lines represent the risk levels for a pre-
defined staffing level. In Scenario 2, where the staffing 
levels are constant, the risk is generally lower than that for 
the financially optimum plan due to the impact on the 
timing of investments; i.e., a number of assets are replaced 
much earlier than indicated by the financially optimum 
plan. Where the staffing level is initially lower, but 
increased in year 10, the risk profile of the asset base is 
significantly higher, reflecting the reduced level of 
investments that are handled over the period. Scenario 3 
has the highest risk at the end of the 20-year period, 
reflecting the reduced level of investments that are 
implemented with the resources available.  
 
A comparison of the impact on the risk levels compared to 
the baseline is provided in Table 2. 

Table 2 Risk for Asset Population (as a % of Baseline) 

Scenario Description 
Years 
0-10 

Years 
11-20 

Baseline Financially Optimised Plan 100 100 
Scenario 1 Smoothed Replacement Vols 100 100 
Scenario 2 Fixed (Constant) Manpower 95 103 
Scenario 3 Increased Manpower in Y10 113 112 

 
This analysis shows that, over 10 years, only 73% of the 
financially optimised plan can be achieved with the current 
staffing levels, resulting in a 13% increase in overall risk. 
In order to achieve the baseline number of asset 
replacements, staffing levels need to be increased by 6%, 
assuming that existing maintenance and inspection 
intervals are retained.   
 
The examples presented have only considered the impact 
of different resource levels on asset risk for a single asset 
class and asset maintenance and inspection intervals have 
been kept constant.  In practice, the exercise would be 
carried out across all asset classes and could include the 
scheduling of load related investments and adjustments to 
inspection and maintenance periods. 

WORKFORCE RESILIENCE  

Distribution Network Operators are facing the challenge of 
a diminishing number of skilled workers as high numbers 
of the workforce approach retirement. In the UK, it is 
estimated that 20% of the workforce is due to retire within 
next 10 years[4]. Ofgem has recognised the on-going 
challenge of attracting and retaining appropriately skilled 
personnel and is consulting on whether network 

companies should submit a sustainable workforce strategy 
as part of their business plans for the next price control 
period[5].  
 
Workforce resilience strategies will vary from company to 
company but are likely to include a combination of 
recruitment, upskilling and re-skilling the existing 
workforce. An understanding of the impact of resourcing 
levels on the overall risk levels associated with 
infrastructure assets enables asset managers and decision 
makers within a networks business to plan a sustainable 
replacement and refurbishment strategy and, at the same 
time, determine the skills requirement going forwards.  

CONCLUSIONS 

Existing condition-related risk modelling methodologies 
can identify which interventions should be applied to 
which assets in which year. Additional modelling 
capability has now been developed to identify the 
resources needed to implement each intervention type, 
together with the underlying staffing requirements for 
routine inspection and maintenance activities. Thus, it is 
possible for network operators to forecast their skills 
requirements in future years and to identify the future 
resource levels and potential training requirements to 
address any skill gaps.  
 
This extension to established condition-related risk 
management methodologies allows the optimum 
intervention strategy to be quickly identified. It provides 
visibility of the asset risk profile and financial costs in 
future years and enables the effects of changing the timing 
of future investments to be quantified. The approach 
provides a valuable insight in the justification of asset 
management programmes and ensures that asset risk is 
managed appropriately when investment or resources are 
constrained. 
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