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ABSTRACT

Planned as a 2-year activity (2009-2010) the so-called
SmartLife initiative is a European coordination project
relating to the asset management of distribution and
transmission networks. After a short introduction to the
SmartLife objectives, this paper highlights the main
results achieved in the first year of works.

Participantsin SmartLife:

- Austria (WMEN ENERGIE STROMNETZ),

- Belgium(LABORELEC, EANDIS, SSBELGA, ORES,
ELIA),

- France (EDF R&D, ERDF, RTE),

- ltaly (ENEL, ERSE, University of Bologna),

- The Netherlands (KEMA, University of Deft,
TENNET, ENEXIS),

- Norway (SNTEF, STATNETT, HAFSLUND, EBL),

- Portugal (EDP),

- Spain (IBERDROLA, REE),

- United-Kingdom (EDF ENERGY, NATIONAL GRID,
University of Manchester).

CONTEXT

Significant parts of European networks have been

developed in the 60-70and are now getting close to their

expected lifetime. Ultilities thus have to anticpat
investment waves to come. Further, it is expedtatithe
networks will undergo changes as a result of disted
generation and market changes.

For this purpose abetter knowledge of ageing
mechanisms and diagnostic toolsn the one hand and
asset management processesn the other hand, is
essential. Today studies on networks asset manageanee
carried out separately by each utility, so it iefubto
gather knowledge and skills of their experts todfigén
from sharing of resources/efforts, data, toolsraethods
enabling findings of relevant ideas and best prasti
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ORGANIZATION OF SMARTLIFE

SmartLife was launched at the end of 2008 f@ryaear
duration with 26 European partners gathering TSO'’s,
DSO’s, R&D institutes and universities from

9 countries: France, Italy, Spain, Portugal, Norway, The
Netherlands, Belgium, United-Kingdom and Austria.
SmartLife is organized around a decisional Congorti
Committee and a Core Group ensuring the follow-fip o
works (EDF R&D acting as coordinator).

Exchanges and works are performed in 5 user-groups
gathering around 60 experts and asset managdithe3o
focussing on the main networks components (cablds a
accessories, overhead lines, transformers) artidtiers

on the asset management practices of TSO’s andDSO’

OBJECTIVES AND EXPECTED RESULTS

SmartLife has two main complementary objectives :

- optimise the management of (ageing or futuregtass
considering ratio Network performance/Renewal cost,

- modernize current networks through innovations.

The work performed on components aims at :

- identifying critical technologies of equipment and
key factors influencing failure and ageing
mechanismsthrough a large-scaled analysis of the
experience outcome,

- targeting high value on-site diagnostic methods,
labs expertises and ageing method® order to
better estimate the failure risk and thus the resdid
lifetime of equipment,

- deducing methods reflecting the health index of
equipment to facilitate decisions in asset
management (support to criteria for maintenance
and/or renewal of equipment),

- identifying best practices and technological
innovations enabling to specify (with optimization of
the global cost) new components intended to ensure
transition towards future networks.
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The work performed on the asset management practice

aims at :

- analysing current practices in asset management
of networks : methods, tools, data (implementation of
relevant data bases),

- identifying needs and define common strategies
taking into account specificities of each company i
order to optimize management of current networks
and prepare management of future networks,

- deducing methods for investments optimization
based on risk management and defining
requirements and datanecessary to these methods
related to risk analysis (models of data bases,
information treatment, tools for data collectioigter
level health indices, total cost of ownership...).

UNDERGROUND CABLES & ACCESSORIES

The user-group produced and circulated questioasair

asking for service experience for all voltage aassom

6 kv and up to the highest voltages. The answets go

showed that the collection of failure statistickasdled in

different ways throughout Europe : details areejgitod

in some cases while other replies are only indiggdbme

major trends. The main results in the medium veltag

range (6 to 42 kV) can be summarized as follows :

- Both paper and polymeric links are ageing in a
good way, except for some poor designs such as early
XLPE cables andome transition joint failureswith
weak water-tightness.

- Accessories are generally the main issuesith
failure rates higher than for cables. The main
identified causes are water ingress, poor assegblin
and mechanical stresses.

In parallel of the statistical approach, reportssgnting

the major failure mechanisms for paper and polyeneri

cables have been worked out. General consideradi@ens
confirmed :dominating cable ageing phenomena are
partial discharges in paper cables and water-treeigin
polymeric cables

In addition, with the objective of sharing efforts

between utilities to increase knowledge and experiee

in a better estimate of the remaining lifefecommended

procedures have been proposed for laboratory test

common methodswhen a cable or a cable accessory is to
be evaluated after removal from service). These
procedures will be proposed to European utilitiesaa
recommended way to perform and share laboratory
evaluation of test samples removed from service.

Failure statistics shall be addressed in such athatyit

can be optimised for health index consideratiéfealth

indexes will be developed so as to take into accduhe
actual quality of the available failure statistics

As an essential part of studies on the transitimmf

service to the end-of-life, the application of diagtic

tools in the utilities was asked for through a datid
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questionnaire. The conclusions show thiagnostics are
still being used as indicators only in most cases it is not
the diagnostic result that decides that the enifeofs
reached. Howevemost utilities are evaluating some
diagnostic methods in order to be a part of the
development of such methods

The best practice for qualification of new compadsées
also discussed in the user-group. It was obsehatthte
international standards are missing some tests
considered as important in order to exclude equipma
that do not have the necessary quality for installgon

in the network (especially for joints).

Discussions will also address the quality requinetsef
the cable statistics if it shall be used as baakgpuiofor
asset management through health index considesation

OVERHEAD LINES

The user-group produced and circulated different
questionnaires to gather information on the current
technologies and service experience. Four questiogs
were thus set up to analyse the different desigmbk a
characteristics of the main components, the spatifin
practices and the outages statistics (identifieatdnyses
and component involved) : one on inventory and gega
statistics, one on supports and foundations, one on
conductors and fittings and one on insulators.

Two voltage ranges were considered : from 60 tok\ 0
and greater than 170 kV (due to the participatibondy
TSO’s representatives in the user-group).

Practices related to inspection methods adoptddiay's
were collected with reference to the different comgnts
analyzed. At this regar@yven if visual inspection from
ground remains the most diffused method, there is a
tendency to partially shift to helicopter inspection and
new inspection methodgthermo camera, LIDAR, UV
camera, etc.are more and more becoming part of
periodic inspections of the lines

As regards exchanges of information on failureistias
and failure causes relevant to the different corepts)
some difficulties were encountered due to the highber

of components involved and the lack of failure relso
However from the answers on the questionnaires it i
evident thaenvironment is the determining factor for
the majority of failures. The great variability of
environment characteristics from one country totlaeo
involves difficulties to compare failure rates mtds.
However it emerged thdailure rates on the lower
voltage range (60-170 kV) are on average about 2®

3 times higher than on the other voltage range
(>170kV) and thatthe component responsible of the
majority of the OHL permanent outages is the
conductor assembly(conductors and fittings).

To also cope with the problems of medium voltagedia
new DSO sub user-group was created at the end0&f. 20
At this regard a simplified questionnaire was diabed.
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TRANSFORMERS

The user-group produced the main following results

- a simple statistic focussing on dominating major
failures that can be used to monitor trends and
analyze differences between populations due to
design, operation, etc. ;

- the identification and descriptionlohg term ageing
processes important for the end-of-life estimation
(also including a more detailed statistic on faakir
attributed to such phenomena) ;

- specifications of diagnostic databaset® facilitate
experience sharing ;

- protocols for scrapping and post-mortem analysis
related to improvement of diagnostics and condition
assessment schemes.

The main challenge therefore is to combine deméords

details to be informative and at the same time depk

questionnaires simple enough to get input data.fatie

that transformers vary widely in design dependimg o

voltage levels, manufacturers etc., is a compligetctor.

It was therefore decidedo split the statistics in

3 classes

- transformers for the low voltage distributionwetks
(class 1) ;

- transformers for higher voltage distribution and
regional grids (class 2) ;

- transformers for the higher voltages representing
transmission grids and transformers connectedgo th
grid (class 3).

As transformers of class 1 are numerous with aclapital

cost, they will be treated separately in a singgifstatistic.

Classes 2 and 3 representing high voltage power

transformers will be treated in the same way bat th

statistics will be kept separately as technological
challenges are expected to be voltage dependembi-h
load tap changers and bushings have to be condiftare
class 3 (statistic and diagnostic). The high nurolbelass

1 transformers provides valuable statistical trentide

the high value of class 3 units justify more diagfies and

some forensic studies. The user-group analyzeheske

class results and information.

As a general trend about the current situation,uther-

group noted that failure rates for transformers carite

low and normally thermal stresses are well beloteda
values. Even if age of the transformer populaticars be
around 30 years in average, their condition do¢saib

for immediate replacement. To allow for a full izigtion

of these investments without increasing the hazéods

increased failure rates, one needs to follow taidition

both by relevant failure statistics and by conditio
diagnostics. The diagnostic methods need improvemen
and verification to give more accurate end-of-life
estimates. The future “smart grids” operating
conditions will have various impacts on the
transformer health, of each of these 3 classes. The
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temperatures appear as a key data among the
information to be shared.

DSO’s NETWORKS ASSET MANAGEMENT

The objective is to develop and validate a methoghpbf

risk analysis for distribution network asset mamaget. It
aims at creating the basis for the development of a
decision support system intended to facilitate tebe
network planning, maximise investments effectiverssl
efficiency and guarantee network reliability.

The work done has been focused first on the cukht
practice used by the DSO’s and on the requirensrds
objectives of an AM methodology.

The current asset management practice has besisedal
surveying, with a qualitative questionnaire, theuakt
methods, tools and data used by the DSO'’s for AM. A
particular highlight has been given to companiesstb
practice to let every participant benefit from eatter’'s
experience. The more relevant findings are asviallo

On the decision level all the companies have a cotap

set of values for AM The mix of values differ from a
company to another, the ones shared by all 8adety’

and ‘Continuity and Quality of Supply”. The first one is

a universally shared value and indicates a strtegtion

to companies’ employees. The second is a new value
consequent to the market liberalisation, companies’
privatisation and the strong intervention of th¢ioral
regulation authorities. Because of these markehgs
“Meet shareholders and regulator expectatichand
“Development of the network to meet demaridhave
become very important values too.

Decisions are supported by risk management stratégy
latter is focused onKey performance indicator” and
“Communication to relevant staff, in order to measure
the results and to get people’s commitment andga®c
improvement. These elements of strategy are typital
companies operating on competitive markets. Thismse
that there is a trend for DSO'’s to behave not amgnas
monopolies (even if by nature they are). Also the
relevance of Trade off between capital expenditure
and operational expendituré shows the increasing
attention to a better management of economic ressur
Almost each company already has a structured agiptoa
risk identification :usually the “historical risk” is used

for MV, and the “latent risk” for HV network/primar y
substation. The main factors used for risk calculation
are failures (components and causes), potential failures
(unsupplied customers, locatiorgpntinuity of supply
statutory rules, reliability conditions.

Risk calculation helps in preparing a merit ordst of
works, which gives a priority of intervention, eviedoes

not give a measure risk reduction. A future improeat

of risk analysis can be made by combining the risk
indicators with the sensitivity analysis.
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Risk analysis in itself is a hard job if not supiearby an
adequate software support system and reliable Hata.
companies have an integrated tool and historict da
retrieve andlata collection still represents a refrain for
more in depth analysis.
On the other handompanies’ AM requirements are
more complex than the present ones and will require
new development in methodology and toolsin the
requirements and objectives of an AM methodology th
requisitedo settle an AM policy (with associated tools)
have been defined. Two levels are needed :
- Strategic : long term CAPEX/OPEX trajectories,
- Short term optimisation/decisions (3 years) and
operational application.
Besides risk assessment, decision making, profitabi
requirements includeffective data collection analysis
and managemernitegration of new technologiegsmart
grids), health indexes ¢{levelopment of a generic
methodology to evaluate assets  operational
categorization), aging models and residual life
estimation, risk evolution in different investment
scenarios, to perform a more accurate risk assessme
Furthermoregonitoring is a very important activity of
AM, technical indexes (continuity of supply indicator
voltage quality, critical parts of the network,|fmé rates
and health indexes, health and safety, customer
satisfaction) combined with the economic ones arelg
more meaningful. Even though distribution is a naltu
monopoly in itself and is a regulated businessk ris
assessment and performance monitoring are fundament
tools for investments decision making in order to
maximise companies’ value.

TSO’s NETWORKS ASSET MANAGEMENT

As a reference for future developments an inventdry

current asset management practice has been warkby o

the user-group. Without being comprehensive sométse

are reported hereafter :

- There is great similarity in business valuesand
great diversity in KPI's.

- All TSO’s have some form of risk management

but there is no common practice for risk
assessment, prioritization and reduction.
- Maintenance and replacement is mostly

component oriented often time/condition-based,
with few risk issues taken into account.

- There is no common health index/condition
approach, a large variety of indicators is being used.

- The quality, availability and accessibility of
data(bases) is being organized and improvedut
at this stage yet limited.

- Capabilities of ICT systems are not fully utilized

- The replacement wave is technically manageahle
but may face budget and manpower constraints.

- Network capacity and asset management are
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closely related involving a trade-off between
network extension and options such as controlled
overloading, upgrading, uprating, load reductioad
transfer and regulatory/market instruments.
By means of questionnaires, issues to be addréssed
then be identified to face the challenges aheadh Bo
generic issues (such as decision tools and inféomat
exchanges) as well as specific issues (replacewsrd,
capacity bottlenecks) and future issues (technology
development, outside developments) were addressed.
After ranking, the most urgent issues to be addckase
options for safe overloading(or maximizing loading
capacity of existing connectiongjevelopment of high
level health and risk indicesfor substations and power
connectionsmplementation of the concept of total cost
of ownership (TCO), risk matrix methodology and risk
monitoring (best practices with regard to prioritization,
risk acceptance/reduction, solution prioritizatignales
for probability, impact and riskyeliable identification
and management of the replacement wave
For each of these issues the actual need caséeuvill
worked out in detail, including a substantiationtoé
reality of the need, the solution options and deelent
requirements at hand, and the expected benefits vilh
result in so-called specification documents forufat
development projects.
Special attention is being paid to define the ndkd,
possibilities and limitations of data and infornoati
sharing. A distinction is made between differetety of
information : performance and benchmarking inforamat
on asset owner level, decision support and risk
management information on asset manager level,
operation, maintenance and equipment information on
operational and services level.

2010 ACTIVITIES & PROSPECTS

This paper has summarized the main results gdd®9 2
For 2010 the asset management user-groups willletenp
the development of methodology for risk based asset
managementand theguidelines for data management
practicesand for creation and good implementation of
decision support systems (strategic and operational
The component user-groups foresee discuss the
observations and recommendations with the
manufacturers in order to include new trends and
equipment innovations. New techniques and services
the field of diagnostic and on-line monitoring will be
considered as well as relevant maintenance and
inspection methods Beyond finalization of the tasks
within each user-group, a special emphasis wiflteon
some important issues (e.g. failure probabilitiesl a
consequences of failures for health index purposes,
structure of common databases, lab test referetus,
for data collection...) thanks toteraction between
component and asset management user-groups
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