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Abstract: This paper will discuss a different case - a 750 kV transmission grid in China, in which the regulation rules have 

not been decided and the assets are operating in their early stage. The difficulty in technology and insufficiency of regulation 

decide the focus of this study: to select the method feasible in this business environment, rather than to develop complicated 

but unrealistic models. 
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1. Introduction 

Electricity transmission operators (TSO) in China remain 

their monopoly status. However, in a national policy made in 

2015, the focus of its regulation changes from the end-user 

price to the transmission tariff. This means that a Chinese 

TSO is required to clarify its transmission costs, which brings 

challenges to its maintenance department.  

Traditionally, maintenance departments of the TSO’s focus 

on developing repair techniques and performing repair 

activities in order to guarantee a high reliability of the network. 

Nowadays, economic and environmental responsibilities have 

also been assigned to maintenance managers. They are 

expected to organize the maintenance activities optimally in 

such a way that the profits and performances of the TSO are 

maximized. This elevates maintenance management to a new 

level, namely “asset management”.  

Meanwhile, the 750 kV transmission network, as the 

backbone of electricity grid in northwest China, started just 

within a decade and keeps expanding in a rapid speed in the 

2010s. For example, according to the planning, the total 

length of its 750 kV overhead line will increase for over 

150%. In such a rapid growth, maintenance activities should 

be optimized not only for saving costs, but also for allocating 

limited human power and maintenance equipment. Moreover, 

the desert, mountainous and glacial environment in this area 

has introduced a high technical complexity to its maintenance 

activities.These are important considerations of establishing 

risk-based maintenance.  

This paper will firstly review existing methods for risk-

based maintenance from the perspective of asset managers in 

Section 2. Then, in Section 3, proper methods will be 

identified for the preliminary stage of risk-based maintenance 

on the studied 750 kV grid. 

2. General Models of Risk-Based 

Maintenance 

2.1. The Trigger of Introducing Risk-Based Maintenance in 

the Electricity Transmission Sector 

In tens of countries worldwide, the liberalized electricity 

market launched in the 1980’s has brought a complete change 

to the power delivery sector. During the liberalization 

processes, governments divested themselves from the utility 

services and established the trade systems of utility products. 

Consequently, the corporatized electricity sector is operated 

by multiple companies whose business areas are defined by 

the regulator. This means, in the case of an electricity TSO, 

the involvement in generation and trade is gradually reduced 

or forbidden in many countries [1].  

Before the implementation of the above mentioned 

regulations, the utility sector was protected by its natural 

monopoly status. This enabled the system operators to adopt 

risk-free development strategies such as “expanding the 

network up to its technical limits”, or “enhance the reliability 

and redundancy with all available budgets”. After the market 

liberalization, an electricity transmission or distribution 
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company can no longer afford such expensive development 

strategy, since it exposes the asset owner to commercial risks. 

Coincidently, the growing public concerns regarding the 

environment and sustainability have led to stricter restrictions 

on the existence and expansion of the power grid [2] and its 

subsystems including overhead lines [3], substations [4]and 

cables [5].  

Physical asset management [6], or asset management 

(AM) in short, is a field of emerging importance in the utility 

sector. The managed objects are physical assets and asset 

systems. Distinguished from human, information, financial 

and intangible assets, physical assets are a subset of fixed 

assets. They serve as the backbone of the daily operation 

within a power grid. Maintenance is a collection of the most 

discussed activities within in the domain of AM. Historically, 

three major advancements have been achieved and applied in 

maintenance management [7].  

The first advancement is the abandoning of “Corrective 

Maintenance” (CM). Maintenance was, originally and yet in 

many occasions, corrective. In CM, components are 

completely replaced after they fail. In contrast, “Preventive 

Maintenance” (PM) intends to recover a component from a 

faulty state through proper repair techniques. The purpose of 

PM is primarily to avoid major failures and consequent 

interruptions of routine operation. However, in many cases, 

the use of PM can lead to the extension of the service life of 

components.  

The second advancement is the introduction of 

maintenance strategies. In current practice, a maintenance 

strategy is essentially a method to schedule individual PM 

tasks within an asset fleet. Proper scheduling controls repair 

costs significantly, because required resources such as spare 

parts, transportation services, work force or cash flow are 

usually lower in costs if arranged in advance rather than 

requested on site. A basic scheduling approach is ranking 

health condition indices estimated for individual components. 

If the index is derived from the usage history of each 

component, the maintenance strategy is called “Time-Based 

Maintenance” (TBM). If diagnostic information from 

inspections, tests and monitors are utilized to assess the 

index, the maintenance strategy is “Condition-Based 

Maintenance” (CBM).  

The third advancement is the introduction of risk analysis. 

Generally speaking, risk is an approach to describe the 

potentiality of an incident such as failure of a certain 

component. In management, a risk is featured with its 

probability and consequence and rated with the expected 

value – the multiplying product of the probability and the 

consequence.  

Maintenance scheduling can be achieved through risk 

analysis. Risk analysis on an individual component consists 

of estimating probability and consequences quantitatively. 

Firstly, the rough level of failure probability can be derived 

from the health condition index. Secondly, the failure 

consequence is measured in multiple items[8]. Traditionally 

in power grids, the network reliability, mainly measured by 

the customer minute loss of the blackout, is the only item. 

This is the Reliability-Centered Maintenance (RCM) 

strategy. Recently, additional aspects such as finance, safety 

and environment were added in response to regulations and 

stakeholder requirements. This extends RCM to a complete 

Risk-Based Maintenance strategy (RBM).  

Risk analysis can be performed not only on components to 

implement a maintenance strategy, but also on asset systems to 

guide and select a maintenance strategy on its composing 

components. This technique is frequently referred as the failure 

mode, effect and criticality analysis (FMECA). In FMECA, 

the risk analysis is performed on a failure mode. A failure 

mode describes a function loss on asset systems of different 

scales, e.g. switchgear, bus, or complete substation. Failure 

modes are distinguished from each other according to their 

original faulty component and the physical degradation 

mechanism. After determining probability, consequence and 

risk analysis procedures, FMECA is capable to rank failure 

modes with their expected risk indices. Using this ranking, 

asset managers can adapt maintenance strategies to the failure 

mode it tackled. e.g. for a component with highly ranked 

failure modes, CM is abandoned, frequency of TBM is 

increased, proper diagnostic tools for CBM is introduced, etc.  

RBM and FMECA represent the up-to-date advancement 

of AM in electricity transmission and distribution. This 

enables the utility company to optimize the allocation of the 

maintenance budget. 

2.2. Introducing Risk-Based Maintenance at the Tactical 

Level of Asset Management 

Asset managers have widely accepted the triple level 

model as introduced in Table I. Specifically, for maintenance 

management, the condition indicator system is mainly 

implemented at the operational level to schedule maintenance 

plans, as the second advancement in II.A has stated. 

Meanwhile, the FMECA is implemented at the tactical level 

to decide maintenance methods and diagnostic methods, i.e. 

the maintenance strategies. This is mainly included in the 

third advancement in 2.1.  

Table 1. Features of the three levels of asset management (adapted from [8]). 

Level Time frame Concerned asset group Performance Expenditure Decision maker 

Strategic Long-term: > a decade Asset portfolio Societal, Economic Capital Asset owner 

Tactical Mid-term: 3-7 fiscal years Asset system Economic, Technical Budget Asset manager 

Operational Short-term: < 1 fiscal year Asset (item) Technical Cost Service provider 

 

Currently, most advancements in maintenance 

management concentrate on developing diagnostic tools and 

standard condition indicator systems. These are progresses at 

the operation level. Moreover, many TSO’s have started to 

construct their risk-based AM regime, including RBM at the 

operation level and FMECA at the tactical level. Extensive 
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activities, including life cycle optimization at the operational 

level and investment decisions at the tactical level have been 

gradually introduced in specific cases to manage asset 

systems such as medium voltage cables, overhead lines and 

power transformers. 

3. Selecting Appropriate Methods for 

Risk-Based Management on 750 kV 

Assets 

3.1. Features of the Studied 750 kV Grid 

The studied 750 kV have three features. They will decide 

our selection of risk assessment method in this section.  

� Infant mortality. The studied assets are relatively new 

and rapidly increasing in population.  

� Missing performance benchmarking. The ongoing 

changes on TSO regulation have not yet indicated any 

clear consequences on all incidents, especially 

regarding the environment and safety ones.  

� Rich external knowledge on the failure modes, condition 

indicators of assets. The mother company of the TSO has 

nationally standardized testing and condition indicator 

system on major high-voltage assets. However, the 

effectivity of the standard indicators is undermined by 

the special operating environment in the wildness in 

deserts, mountains or glaciers. 

Based on the above limitations, the studied risks yield to 

the failures of high-voltage components and consequent 

performance losses. At the tactical level of AM, this study 

should perform FMECA to adapt external knowledge on 

condition indicators to the specific operating environment of 

northwest China. The main benefit of such adaption will be 

the capability to: minimize the failure frequency of high-

voltage components of the same type, through prioritizing the 

maintenance tasks on them. 

3.2. Estimation of the Probabilities of Failure Modes 

At the tactical level, the probably of a failure mode should 

be estimated, so that proper diagnostic method can be 

introduced as countermeasures. The capability to estimate of 

such probabilities is not automatically ready in a TSO.  

A failure is defined as the situation where a certain object 

cannot function under stated conditions for a specified period 

of time. Within asset portfolios, a failure can occur at many 

different levels, such material, subcomponent, 

component/asset, asset system (including secondary 

equipment) and asset fleet/portfolio. When failures at a lower 

level lead to a failure at a higher level, the process is called a 

failure mechanism or failure mode.  

The raw format of failure and life data is a list of failure 

events. A complete record on a failure event should include 

(1) the moment, (2) the (initially) failed object, (3) the cause 

or failure mechanism, (4) the reaction and countermeasures 

and (5) the consequences. [7] 

From the raw format of failure records, two types of 

parameters can be derived as the conclusion after statistical 

analysis. They are the failure frequency, and the 

lifetime/time-to-failure (TTF). In order to convert time 

series of failure events to TTF, asset manager should record 

the population, namely the total number of investigated 

objects from which the failure events have been collected 

from. In addition, when the investigated objects are 

significantly different in their physical sizes, size 

information should also be included in population. (e.g. 

cables of different length). Such information comes from 

the installation/deployment data, which is typically the 

calendar date/time at which each object within the 

population started to operate/be stressed. 

For the studied asset portfolio, the installation and 

population data is probably ready. However, since the assets 

are in their infant mortality stage, the TTF cannot be 

creditably estimated as in those aged asset populations. 

Therefore, the age-independent failure frequency is the main 

input to failure mode analysis.  

3.3. Risk Management: FMEA and ABC Classification 

Method 

In FMEA [9], as most standards have specified, the Risk 

Priority Number (RPN) is calculated for each failure mode. 

RPN is the product of the severity score, the probability score 

and the detectability score. As mentioned above, the 

probability score is the frequency of failure mode. The 

severity score represent the consequences of failure modes, 

which can be acquired from the external knowledge. The 

detectability score is not used in this preliminary stage.  

ABC analysis method [10] is a method originally applied for 

quality control. It follows simple principles as follows. 20% 

products can have high values, which in total contain 70% value 

of the whole population. They form Class A which should be the 

focus of management. In our cases, the products are the failure 

modes, and the value is the RPN. The focus means that 

innovated condition diagnosis method, e.g. condition monitoring 

should be implemented. The next 30% products are of average 

values, i.e. in total contain 25% value of the whole population. 

They form Class B which should a certain degree of attention 

should be paid. In our case, such attention means standard 

diagnosis proposed by the national standards and external 

knowledge. The remaining 50% products are of low values, i.e. 

in total contain 5% value of the whole population. This means a 

minimally requested maintenance scheme.  

The FMEA and ABC analysis is applicable when the 

performance benchmarking of managing electricity 

transmission assets (see examples in [11]) is still missing in 

China. The severity in FMEA and values in ABC analysis 

can be firstly narrowly defined as reliability and a few 

aspects of safety or environment, but later extended to other 

business values imposed by future laws.  

3.4. Continuous Improvements 

As time passes, the infant mortality of the studied asset 

portfolio will gradually stop. In this situation, the risk 
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assessment proposed above can be improved in several 

aspects below:  

� Optimize the condition indexing, namely the composing 

rules of condition indicators, for the special operating 

environment of northwest China.  

� Specify different failure mechanisms on the same type 

of component in failure data, and treat them as different 

risks accordingly. 

� Include detectability of diagnostic methods and 

preventability of repair methods in the RPN.  

� Include not only the consequences on reliability, but 

also the consequences on safety and environment in the 

severity score of RPN.  

4. Conclusions 

Risk-based management on 750 kV electricity 

transmission assets has been stimulated by the Chinese 

deregulation policy as well as the fast expansion of the asset 

population. When the assets are in their infant mortality and 

the definition on asset values are still missing, it is 

appropriate to balance costs and risks of failures, firstly 

through time-constant failure rate model, FMEA and ABC 

analysis method. These methods are compatible with future 

developments in aspects such as knowledge on assets, asset 

performance benchmarking, etc. 
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