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Résumeé

Destinée a ceuvrer au niveau opérationnel, les bases de transport d’électricité ne
peuvent pas rester isolées de leur environnement externe et interne.

En assurant leurs taches principales, la maintenance et la surveillance des actifs
de transport, elles veuillent a la réalisation des objectifs de la STEG.
Tenant compte des caractéristiques du domaine stratégique de transport
d’électricité et du fait que la STEG est classifiée comme une entreprise
d’'infrastructure, le meilleur outil pour relier le stratégique a |'opérationnel et vis
versa est l'instauration d’'un systeme de gestion d’actif. La série ISO 5500x offre
un cadre normalisé pour l'instauration de tel systeme au sein des bases de
transport d’électricité.

Mots clés : STEG, Transport d’électricité, base de transport, Gestion d’actif,
ISO5500X

Abstract

Designed to act at the operational level, the electricity transmission Maintenance
unit could no more remain isolated from their external and internal environment.
While ensuring their main tasks, maintenance and monitoring of transport
assets, they shall achieve STEG's objectives.
Taking into account characteristics of the electricity transmission business, and
the fact that STEG is categorized as an infrastructure company. The best mean
to link the strategic level to the operational one is the establishment of an asset
management system. ISO 5500X series provide a standardized framework for
the establishment of such a system within the electricity transmission
maintenance units.

Key words: STEG; Electricity transmission, ETMU, Asset management,
ISO5500X
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Introduction

“A management system is the framework of proceasdgprocedures used to ensure that an
organization can fulfil all tasks required to askiéts objectives” Chris Andersdn,

This quotation summarizes the original idea belimsldocument.

In fact, STEG is the main actor in the Tunisiarceleity market. As any company, it has
strategic plan and objectives to achieve.

Obviously, there are a set of tasks that are napess fulfil the company's mission and to
reach strategic objectives.

The main concern, which has always haunted megvisthrough driving operational tasks
and activities we could satisfy strategic aspiratio

Adapted to the study case, how an electricity trassion maintenance unit through its daily
activities participates to STEG’s strategy achiegetn

The suggested solution is a management framewatKitho the transmission activity,
addresses with the maintenance activities and altbe optimization of technical and
financial performance of the ETMU. We propose thiaklishment of an asset management
system.

' Anderson, Chris. How to Build Effective Management Systems, Bizmanualz, January 26th, 2005.



Chapter 1 :

Study’s context



1.1.STEG Presentation
1.1.1.STEG Mission

The main mission of the Tunisian company of elett{riand gas is the electrification of the
country, the development of the natural gas netwoikimplantation of electric and gas
infrastructures.

1.1.2.STEG Vision

STEG is engaged in a strategy of performancenisdo provide a level of quality of
services similar to the best Mediterranean compaoiielectricity and gas [STEG Official
Site].

1.1.3.STEG Trades

The STEG is responsible of electricity and “R@neration. It is also accountable of the
transmission and the distribution of electricitylaratural gas [STEG Official Site].

1.1.4.Activities

The principal STEG’s objective is to provide thdioaal market in electric energy and gas,
to meet the needs for the whole of its customesdential, industrial, tertiary...) [STEG
Official Site].

To achieve objectives, the company executes & setigities:

» Generation of electricity starting from various sms (thermal, hydraulics, wind
mill....).

* Transmission of electricity: The management anddtheslopment of the high
voltage grid (overhead lines, underground cablessabstations).

» Distribution of electricity: the management and deeelopment of the Medium and
the Low voltage grid (overhead lines, undergroualles and substations).

» The development and land distribution of natural: Jdne management of the gas
network infrastructure.

* Production of the LPG (Liquefied Petroleum gas).
1.1.5.STEG's History

Just before the independence, the electrical inglusis managed by seven different
companies (dealers) charged of supplying electrioifprincipal regions of our country, with
a working installed capacity nearly 100 M&Md a generated energy of about 240 GWH.

By the decree 1962 - 8 of April"31962 and aiming to harmonize the electrical aasl g
sector, the Tunisian state decides to nationdtigegeneration, transition and distribution of
electricity and gas, and to entrust these acts/iiiea public establishment, in a commercial
and industrial matter, named "STEG" (Tunisian Conypaf Electricity and Gas).

2 Liquefied petroleum gas



Confronted with difficulties, suitable for a younguntry in the process of construction and
whose energy resources are, in addition, extretmeitied, the STEG was called to take up a
lot of challenges in order to reach its first altectrifying the country and inter-
connecting the networks [STEG official site].

According to [Chaabani, 2009], STEG has known fivan periods in its whole life cycle,

1.

The 60’s period: Electrifying the country and intennecting the networks.

A period characterized by the establishment otthrapany and the setting up of the
baseline framework. It was the first steps in eleity democratization and the
implantation of new electric infrastructure.

The 70’s Period: Technical Mastery & Expertise

to improve the security of the electricity grid aedcope with a high demand, STEG
has opted for the widespread introduction of gasires.

In addition, to ensure the continuous developmeéstadf skills, STEG has opted for
the creation of several centers (The training amatovement center of Khledia ,
testing and measure center and general technictdrge

Similarly, the gas business was making its debdoir2.

The 80's Period: Saving energy & Optimal management

the introduction of steam turbines (better perfaroeg

the realization of two interconnection lines witlgéria and the transverse line
linking Sousse with Tajerouine .

In 1982, construction of the pipeline connectingéia to Europe via Tunisia.

The 90's Period. Quality Control & environmentahcern

The establishment of a quality system based on9@@'s standards family

The respect for the environment by introducingegp Sousse Combined Cycle (with
natural gas) and the integration of wind technolf@gntral Sidi Daoued 20MW)

The 2000s period: Market Opening & Maturity stage.

* [ new entrants in the electric generation with &stablishment of two independent
producers. Independent producers have become openathe domestic market
with a total installed capacity of 500 MW.

* [ Tunisia signed in December 2003, along witheklig and Morocco a
Memorandum of Understanding with the European Casioi for the creation of a
regional electricity market for integration in timeernal market EU.

* [ The Barcelona Declaration on the establishno¢iat free trade area on Energy
from 2010.

The sixth period, which was posterior to Chaabarséidy, is:

6.

The post revolution period: Energetic challenge Biméncial balance.

The post revolution period is a transitional penduach still lasts. The alternation of
governments and the lack of vision are the maibleras added to a growing energy
demand and delicate financial balance. Bills emiragson electric generation from
renewable resources and tendency towards elecarkats liberalization.



1.1.6.STEG organization chart

GENERAL
- SPCM ' ( DIRECTION | \ -DPSC
-DPCC
s -DPDC

D
Equipement of Electricity s
_ Financial Businesses

& Accountants
-

Organisation &

Control of Technology

Information System

Generation & Transport
of Gas

I Sales Management
Security & Environment

Figure 1.1 STEG’s organization chart

Generation & Transport
of Electricity

Dishjtr_ution of )
Electricity & Gas

The three circled departments are involved in tire competence of STEG:
* Generation and Transport of Gas
» Distribution of Electricity and Gas

« Generation and Transmission of Electricity (DB)TE

* « Direction de Production et de Transport d’Electricité »



The last one, DPTE, is charged of
* Management of generation’s Means
« Management of transmission’s means (DGMTE
* Monitoring of the electrical system
* Acquirement of Generation electricity technologies
* Acquirement of Transmission electricity technotsgi

The DGMTE is the direction responsible for the ngmaent of the transmission assets in
order to insure the availability of electricity arediability of the network.

The DGMTE (Direction of management of transmissonéans) deals with transmission's
physical assets and it's charged of operating, taimg, refurbishments and
decommissioning of transmission assets. It alsbgyaates to the elaboration of tender
specifications of transmission equipments.

The responsibility is subdivided according to tleegyaphic spread of assets, The Tunisian
territory is divided into five regions:

* Tunis region

* North-east region
* North-West region
» Central region

* South region

Every region is divided into two units and the sulsibon is also made according to
geographic considerations.

The context of this study will be within one of #eunits: The Unit of electricity
transmission of North area of Tunis or simply BTjs unit is charged of the maintenance
of transmission assets in the north area of thatgrenis region.

1.2. Electricity Transmission Maintenance Unit
1.2.1.Mission of the Electricity Transmission MaintenanceUnit

An ETMU’ is a functional unit that's directly involved ihe management of transmission
physical assets, that are contained in a limitedygohic area.

Actually, the monitoring of the whole electric st is insured by another department (The
national dispatching); in addition, almost all trensmission substations are remote-
controlled also by other departments (two regioaalote-control centers).

*« Direction de Gestion de Moyens de Transports »

> Base de transport d’électricité (Transmission electricity bases)



Despite the Transmissions maintenance units aleect physical touch with all transmission
equipments, they are not responsible of assetatpgr

Their main tasks are:

» Controlling the condition of physical assets

* Insuring the first level of maintenance for all d&sets

* Insuring advanced level of maintenance for :

High voltage Overhead lines

High voltage Underground cables
Transformers, autotransformers and
Substation buildings, walls, fences, enclosures

Protection and earthing systems

* Communicate claims to the specialized units in cdggjuipments that aren’t
maintained by the unit.

+ Technical validation of new transmission assets

* Renewal of transmission plant system

» Participate to the establishment of technical $pations of new tenders to the
acquirement of new transmission plants.

1.2.2.0rganizational chart of ETMU

The organizational chart is built based on theed#iht maintenance activities executed by

the unit.



The unit manager

H.R administration
service

Security and safety|
supervisor

Procurement
service

High voltage
equipments
maintenance team

Secondary plant
maintenance team

H.V Overhead lines
& cables
maintenance team

H.V. switchgear
maintenance team

Coordination &
methods office

Figure 1.2 the organizational chart of ETMU

Operating and
monitoring team




1.2.2.1. The Unit Manager:

He’s the highest authority in the unit and he’solred in the management of the
maintenance process.

1.2.2.2. High voltage equipments maintenance teams:

Teams charged of maintaining high voltages devitbis sort of transmission equipments is
located into transmission substation or outsidenteach as overhead lines or cables. Thus
this entity is also subdivided into:

* H.V Overhead lines & cables maintenance team: @uthof maintaining of
transmission connections

* H.V. switchgear maintenance team that are dealitigtwvansformers, disconnectors,
circuit breaker, transformer....

1.2.2.3. Secondary plant maintenance teams
Teams that are involved in the maintenance of obsjrstem plant (secondary plant)
1.2.2.4. Coordination & methods office

The office is responsible for the coordination @htehning of maintenance tasks. In addition
it's charged of managing and maintaining the CMMug§, it's supposed to establish and to
maintain the data base of the unit.

1.2.2.5. Operating and monitoring team teams

Teams responsible for the first maintenance lawvel the substations. They have to assess
assets condition, claim in case of problems, imguconsignation and security tasks before
and after maintenance operation....

1.2.2.6. Security and safety supervisor

He controls the rigorous appliance and respeceaisty and safety standards
1.2.2.7. H.R administration service

Administrate all activities related to the unit doyee
1.2.2.8. Procurement activities service

Administrate all procurement activities relatediaterial resources



1.3. The problematic

STEG is 52 years old, and since 1952 until nowessthings has changed and therefore,
the company's strategy also has changed. Nowa8a¥s;'s environment is living huge
upheavals and the company is under the presswsevefal constraints (politic, economic,
social, so forth....)

In addition, being a vertically integrated compa8YEG has about six strategic business
units to manage. As consequence, it should ad@ufuede strategies that vary from one field
to another.

The Question that stems; what would be the adegti@egy for dealing with the electric
transmission market?

Timothy Devinne$ quotes: “Corporate consultants tell us that adwyer of success is
having a clear vision for the corporation and beibte to execute these at all levels

“All level” refers obviously to the strategic levielit also to the tactical level and the
operational level Where ETMU acts.
As consequence, while monitoring and maintainirgteic transmission equipments, ETMU
aims to execute the STEG’s plan and to fulfil tbeporation’s objectives.

Generally, corporation objectives are financialtiented. Conversely, ETMU addresses
mainly technical issues. The dilemma is how to hehe best trade off between technical and
financial concerns? How the “line of sight” betwemganizational strategy and the “day-to-
day" activities of ETMU will be established?

Does any sought added value could be extracted tlherequipments and activities
management of the ETMU?

At this stage, what would be this management fraonkwhat shall deal with maintenance
activities and a wide spread asset portfolio?

How the new edited asset management specificatibich is ISO 55001:2014, will comply
with the ETMU'’s case and How the “Top down” STE@&pirations will align with the
“bottom up” ETMU's realities?

Finally, does the implementation of this managenframhework is feasible for ETMU?

That is what this study will try to answer.

6 Faculty Member of The University of Leeds, Leeds University Business School,
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Chapter 2 :

Electric Power Transmission
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2.1.Electric Power Delivery Process

Actually, the electric power delivery process ibdivided into three sub processes:
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Figure 2.1: Energy Delivery -- Getting Power frohetPlant to Your Home 7

The first stage is Electric Power generation: this process of producing electricity
from other sources of primary energy. Power plgetserate electricity (in the range
of 10-20 kV), send it through a step-up transfornadrich raises the voltage level
and sends the electricity to transmission lines.

The second stage is the Electricity Transmissitgthe process of the bulk transfer
of electrical energy, from generating power plaotslectrical substations located
near demand centres. The stepping up of the volthges the efficient transfer of
energy over long distances.

Generally when we are talking about transmissiatgss, it means that we are
dealing with a voltages range above 50kV.

Electric power is transmitted by overhead linesimderground cables and the
network of lines used to do this is called the goidhigh voltage transmission
network.

From the grid, the electricity is converted by sfammers in the distribution network,
stepping the power down to medium voltages (bel0w\B)

The third stage is Electricity Distribution: it'eeé process of carrying electricity from
the transmission system and delivers it to conssintdectric energy, transmitted

7 http://www.cpsenergy.com/Services/Generate_Deliver_Energy/Energy_Delivery/
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through the gird, end up at the transmission stibstalransformers step down the
electricity's voltage to medium voltage (below 50lwd send it to distribution
substation where eclectic power is dispatched tiit@amaller distribution lines and
make its way to specific residential and commenmdisiricts throughout the service
area.

The scope of this study is limited into the electransmission sector. The management
system, that I'm trying to carry out, is dealinghathe operating and maintenance of
transmission assets.

In the following, I'll introduce this activity andy to give a clearest big picture about this
field.

2.2.Electric Power Transmission

Electric power transmission (Wikipedia) is the btrinsfer of electrical energy, from
generating power plants to electrical substationated near demand centers.

Since the first steps of the emerging of electrisidustry, the most important issue was:
How could we manage to transfer electric power fthenproduction point to the demanding
area?

Except opting for the ubiquity of electricity pradtion points, the best solution was the use of
transmission and distribution networks.

According to technical and economic reasons, cttransmission network systems are
using almost the same design framework.

The network system, or simply the "gird", is getigranodelled as a set of nodes joined by
connectors [Crisp, 2004].
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Figure 2.2: The "gird" is modelled as a set of n@¢l@ned by connectors
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Nodes are representing Transmission substatiomsmigin role of a transmission substation
is to set up or to set down voltages by meansaoitormer, thus electric power is transferred
to the transmission grid or, in the second casthddlistribution grid.

Connectors could be overhead transmission linesiaddrground cables. They represent
the highways of electric energy.

Bearing in mind that electricity couldn't be stodke sufficient quantities comparing to the
demand yet. This fact leads to incorporate a hegirek of redundancy [Crisp, 2004] and
electricity flows are managed dynamically, whictpmses a huge flexibility of the grid and
the insertion of a broad variety of transmissiosets

According to what mentioned above, the flexibilgyreached by the integration of
switchgears at either end of an overhead transomdisie or underground cable.
Switchgear includes many transmission equipmerdis as Circuit breakers, Disconnectors,
Current transformer, Voltage transformer...Moreot@iprotect, monitor and operate the
system we use control circuits, protection relays..

2.3. Transmission equipments

According to [Crisp, 2004], equipments in the trarssion network system are subdivided

into:

* Lines and cables:
o Overhead power line: [Wikipedia] a structure useelectric power

transmission along large distances. It consistsiefor more conductors
(common multiples of three) suspended by towergibty poles. Since most
of the insulation is provided by air and insulajargerhead power lines are

generally the lowest-cost method of power transioisfor large quantities of
electric energy.

o Cables: [Wikipedia] a power cable is an assemblgra or more electrical
conductors, usually held together with an oveladlagh. The assembly is
used for transmission of electrical power. Powd&lemamay be installed as
permanent wiring within buildings, buried in theognd, run overhead, or
exposed.

» Substation equipments : we find two categories:
o Primary plant: A switchgear comprising
= Circuit breakers, used for switching and protection
= Disconnectors, used for disconnecting and earttinogit

= Transformers or autotransformer used to convenggrfieom one
voltage to another

= Reactors and capacitors provide reactive controldmtain voltage in
the network within acceptable limits.
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= Measurement devices such as voltage transformey &wd current
transformer (CT)

0 Secondary plant: comprising
= Control circuits (associated to the switchgear)
= Protection relays(associated to the switchgear)
= Communication equipment (associated to the sweahg
= Backup power supply
o Infrastructure assets: building ,fences, earth matsbus bar

Transmission assets are generally described amkapensive, robust, long-lived and not
easily relocated [Crisp, 2004].

They are managed and maintained by electricity @mgs such as STEG (the Tunisian
Company of electricity and Gas) in Tunisia.

2.4.Electricity Transmission business

In electrical power businessfransmission system operatofTSO) is an operator that
transmits electrical power from generation plantsrahe electrical grid to regional or local
electricity distribution operators. [Wikipedia]

As described previously, transmission equipmergsapital intensive. They are a costly
establishing infrastructure and that's why TSOuwseally a natural monopoly.

Historically, transmission and distribution linesene owned by the same company, but over
the last decades, many countries have introducekletnig@forms that have led to the
separation of the electricity transmission busires® the distribution business. [Wikipedia]

Currently, worldwide, we can find different sortscompany acting within this sector.
[Crisp, 2004] has distinguished:

* The Stand-alone organizationsfor which electricity transmission is the core
activity.

* The Vertically integrated structure: that deal with generation and distribution or
with either generation or distribution.

The electricity industry has known many changessistructure. Historically the electricity
industry was viewed as an asset of strategic impo# to the country, and best managed as a
single entity [Crisp, 2004]. This tendency had dethwith the appearance of a new theory
which was encouraging markets competitivenesseawély that would lead to an
improvement in efficiency of the electricity indos{Crisp, 2004].

As a consequence, In addition to the safe andotel@elivery of electricity, Regulators,
policymakers and the industry began to focus théntion on ways to improve economic
efficiency, increase productivity and reduce cdisteugh a seemingly endless series of
reforms [Fages and al, 2012].
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The early reforms typically involved the completeidtegration of utilities into different
function [Crisp, 2004]. Typically the electricitgfiorm process has seen a move from
vertically integrated, publicly owned utilities tewds structures that separate the different
functions, particularly generation separated from“wires businesses” of transmission and
distribution [Crisp, 2004].

The strategic tendency according to [Fages arZDaR] is:

* To enhance transmission and interconnection feslivith neighbouring systems in
order to pool energy resources. For example theeguirof the super grid

* To participate in regional organisations to buy aalil power, and to administer
transmission, dispatch and scheduling of a vanégnergy products

* To reduce the barriers to entry by requiring nasedminatory treatment among
transmission users, and prohibiting affiliate abuse

* To unbundle certain utility services, in some cassgulators required the divestiture
of generation or transmission facilities

« To evolve their classic topologies to accommodétibuted generatioh
* to develop a "smart grid"10

Despite that competition principals has been spesady throughout the generation and
retails sectors. The transmission one remains gén@erceived as “Natural Monopoly”
that's totally converse to competitiveness values.

To avoid any abuse or discrimination, the transimmssector is usually treated as a
regulated monopoly. Under regulation, the maingnaission companies’ issues will be:

* How to maximise short-term efficiency (schedulidggpatching and selling energy)?
This will allow the achievement of a reasonable &treturn on investment and the
recovery of operation and maintenance costs.

» As well as long-term efficiency (building new otireg old transmission facilities)
[Fages and al, 2012]

® A super grid is a wide area transmission netwogk thakes it possible to trade high volumes of
electricity across great distances. It is sometimes referred to as a "mega grid".

® Distributed generation, also called on-site genemat dispersed generation, embedded
generation, decentralized generation, decentralizeergy, distributed energy or district
energy, generates electricity from many small epeaurces. [Wikipedia, 2014]

' A smart grid is a modernized electrical grid thaes analogue[1] or digital information and
communications technology to gather and act orrimétion, such as information about the behaviors
of suppliers and consumers, in an automated fasioidgmprove the efficiency, reliability, economics,
and sustainability of the production and distrilmntiof electricity [Wikipedia, 2014]
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Chapter 3:
STEG's strategy within the electricity

transmission market
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3.1.Electricity sector in Tunisia

In the following paragraph, the majority of date axtracted from the Wuppertal institute
report titled “Etude Stratégique du Mix Energétignorir la Production d’Electricité en
Tunisie » that could be translated as: Strategidysof the energy mix for electric production
in Tunisia.

The electric sector in Tunisia is managed by theister of industry and technology (MIT) .
In order to carry out its policy in the electricct®, The MIT has under his tutorship the
Tunisian Company of Electricity and Gas (STEG).

STEG could be presented as a public verticallygirsteed company which has as a mission
the delivery of electric power, which means theegation, transmission and distribution of
electricity.

Historically, just after the independence, the elesector had been managed by eight
companies. Since 1962, they had been nationaligédebTunisian government and the
Tunisian company of electricity and gas (STEG) wasted.

At that moment STEG was established as a vertiaatihgrated company, it was a monopole
which has as a mission the production and the esfliof electricity in Tunisia.

Since 1996 and according to the law decree 96-2feofirst April 1996, the monopole
statue in power generation was cancelled and grimaestors could obtain a licence allowing
them to produce electricity and sell it exclusivelySTEG.

Since 1997, STEG'’s financial performances werdyedfected by the dramatically risen of
crude oil's price, that has a systemically impacthee Natural Gas price.

STEG had become a burden to the government buéigehermore, Being a public
company, funders needs the government guarantmslér to attribute any loan to STEG.
Opening the production market to competitiveness paceived as way to alleviate this
constraint.

The two main experiences were:

1. The Independent power producer of Rades or (CagtRagver Company) which had
generated during 2012 about 3100 GWh (18.4% ofdta generated energy)

2. The Independent power producer of EL Bibane wharmmise 3% of the total
generated energy

We can also mention the existence of a multitudelexdtric auto-producer (about 13 in
2008), they mainly produce electricity for their mwse and the surplus is evacuated through
the national grid (a production way commonly cal&sheneration). However the total
participation of these producers remains extrenmslybstantial and was estimated about 63
GWh during 2012 which represents 0.4% of the walerated energy.
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Regulation of electricity generation: The curresgulatory framework of electricity
generation allows the establishment of indepenpirducers, all combined energy sources,
on the basis of a tender after which an agreensnbe negotiated with the lowest bidder.

However, some difficulties remain in very speciases, such as:

* The case where the energy source belongs to a&gnghte person. In this case, the
tendering process is difficult to apply.
It's the case of fatal gas projects (such gasea aseproduct of the production of
fossil fuels) and cogeneration (where the residtedm a process also belongs to a
single private person).

* The other case is that of a source of energy fachyliollowing a call bids, the price
of the lowest bidder is higher than acceptablegsrior STEG or Tunisian society as
a whole.
This is typically the case for wind projects. Adtyathe STEG procedure's, while is
buying this kind of energy, is based on the avoickest for it, the cost of fuel saved.
This cost seems to be below the rates that enatistagtory returns for independent
investors in wind generation.

According to a study done by the ANME (The naticagdéncy for energy conservation) the
technical- economical potential of cogeneratiofiumisia is estimated about 600MW
(430MW in the industrial sector) which is more thastalled power of the IPP of Rades.

On another hand, Since the 90’s, the Tunisian gowent, via the ANME, has given a great
importance to renewable energies and he has propoary financial and regulatory
incitements to investors in this sectors

Recently, a law proposition was presented to Cutgthal council about the production of
electricity from renewable energies.

This law is subdivides on four parts

* The establishing of an electric national plan, veitmain mission the enhancement of
electricity generation from renewable energies

* The encouragement of private investment in thisosec

* The enabling and expansion of auto-production gaoinegpecially for the own
consumption of localities and companies.

* The regulation of electricity exportation

From the downstream side, pricing regulation remaigovernmental competency; The
Minister of industry has the authority of fixingetlselling prices of electricity for the
consumers. Although, pricing policy depends of grois courts, gas prices and some other
economical factors, it remains also a politicalisie.

Clients are distinguished by the voltage levelugying, according to the last activities
reports [STEG, 2012]
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Tendency | Tendency
Voltage 2010 2011 11/10 12/11

High voltage 1293] 9,9% 1163 9,0% 128 -10,1% 0,8%

Medium voltage 6052 46,5% 5984 46,106 639 - 6,9%

Low voltage 5670| 43,69 5813 44,8p 637

Exportation 0 0,0% 14 0,19 46

General Total 13015 12974 1411

Table 3 1: Electricity Sales evolution [STEG; 2012]

Just about 10% are directly sold through the Higlage grid; the rest is transferred to the
distribution network. The total consumption hadystted during 2011 and risen during 2012.
The curve of electricity demand would have the sasieg tendency for the next twenty
years [Wuppertal Institute Report, 2012].
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Figure 3.1: Estimation of electricity consumptiontiti2030

To summarize, many steps has been taken towaltibénation of the electric generation
market. However, the transmission and distribusiectors remain under the STEG
monopole.

Recently, the last and controversial energeticpasyect about renewable energy could be
considered as an important milestone that may shpkbe Tunisian electricity market. In
fact this law and some subsequent projects, sugtUBBNUR project, has an important
impact even on the electric transmission market.

From the downstream side, electricity demand wbialk a constant growth during the next
twenty years and the electric infrastructure hasltow this growth and manage this
constraints.
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Worldwide, the electricity market, is living a pedi of upheaval. Changes in regulation,
market operation, industry structure, economic soaal situation. This context has lead, in
many countries, to the privatization, liberalizatimnd associated deregulation of utilities and
electricity market and particularly the transmissame.

Even though, it isn't totally the case in Tunisiaywever the current tendency indicates that
we will not be the exception. The liberalisatiortloé generation market was already done and
the next energy laws will encourage private invessto

The entry of independent private producer (IPP) wduce new constraints for transmission
sector, new regulation etc...

Moreover, one axiom of the famous 2014's energydirdeal with electricity exportation,
an aspect which obviously will have a deep impacth@ transmission sector.

3.2. Transmission Sector in Tunisia

In order to respond to the growing demand of enerdgyunisia and ensure the bulk transfer
of electrical energy through the country, STEG tmensively invested in the extension and
upgrading of the grid(143 Billion of Dinars duri2@12).

According to [Wuppertal Institute Report, 2012],2008, the average growth of
transmission grid is about 237.7 km per year. 1hZ@he total length of our national grid has
reached 5970 km. 2821 Km for 225Kv transmissioadjri1883km for 150Kv lines and 1266
km for 90Kv lines.

The National network is interconnected to the neahiing countries in the context of the
Mediterranean Grid; Therefore the Tunisian netwsréonnected to the European grid via
Algeria and Morocco. The Tunisian Grid is also ceeted to the Libyan’s one and it is
projected to extend this connection in order teheagypt, Jordania and Syria.

Another ambitious project targets to connect Tanisiltaly. The using of a HVDC sub
marine cable with an energetic capacity of 1000MW@hd allow the exportation of 7TWh
per year.

The existed situation allow more flexibility in maging the existent power generation park,
facilitates the integration of new power plantshahigher capacity and enhance technical and
economical development of renewable electricityegation. Following the STEG’s vision, in
few years we will be able to talk about the Med#aean market.
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Figure 3.2: Mediterranean interconnection (Existang projected)

Thus, the Tunisian TSO (STEG) will have new suppli@aew customers, a harder economic
and social context but the same (or even highegested degree of safety, reliability and the
best economic efficiency. And Although, Transmisssector remains a public Natural
Monopole, the question will be:

How STEG, as a main actor of the transmission sewith deal with those changes? What
will be its strategy? And what will be the impaéttioe chosen strategy on the tactical and
operational level?

3.3.STEG's strategy within transmission sector
3.3.1.Transmission as a STEG'’s Strategic business unit

As it was mentioned previously, the mission of STiE@e delivery of electricity, Natural
Gas and Liquefied petroleum gas (LPG) for the Tianisnarket.

We could distinguish, according to the deliveralhestioned below and to the activity list
of the company, six (06) Strategic Business uisel).

. Electricity generation

. Electricity transmission

. Electricity distribution and retailing

. Natural Gas transmission

. Natural Gas distribution and retailing
. LPG manufacturing

Although that no one of those SBUs is responsitiét$ own profitability, there is a real
differentiation and separation in performing, maragnt and assessment of those activities.
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If we consider Electricity transmission,

1. It's managed as a separate operating entity wiiiEG; The DGMTE (Direction of
management of electricity transmission means)asetitity responsible for operating
and maintaining transmission assets. However, m#mr directions are charged of
some tasks in transmission sector, such as mankgidg, conception and extension
of the network...

2. STEG is a natural monopoly in this sector; it 008% of transmission assets.

3. STEG delivers 20 clients [STEG Report, 2012] byhhigltage alternative current
(90kV and above), it also exchanges electricityhvwiitgeria and Libya via the grids
interconnections, but the great part is transfetoedistribution network.

4. Energy transaction can be measured as an indepegrttéyt in terms of profit and
loss. However measures are available in the STEe@tts only in terms of
guantities (GWh) and not in terms of costs.

The four previous points are essential to defin&Bb. However, the STEG's
organizational structure, do not really allows ¢éxecutive managers of the DGMTE to
establish an electricity transmission strategy.

In fact, planning involves the responsibility oetBEP (Studies and plans Direction);
execution of new projects is relevant to the DEQujgments Direction), managing loads and
electricity demanding involves the responsibilifyDi®*SE (Direction of Monitoring of
electrical systems) so forth.

This aspect would contradict the assumption tlaisimission electricity is considered as a
SUB for STEG. However, after a benchmarking, &l literature researches have shown the
establishment of standalone transmission utilgigsh as:

» RTE the national electricity transmission systerarapor of France

* ELIA : Elia System Operator SA the national elmitly transmission system operator of
Belgium

» TenneT B.V. is the national electricity transmissgystem operator of the Netherlands
* National Grid plc is a British multinational elaecity and gas utility company

headquartered in London, United Kingdom. Its ppatiactivities are in the United
Kingdom and north-eastern United States [Wikepezha4].

Thus, the assumption could be considered valid @mdently, we could consider
transmission sector as a SBU for STEG. Furtherniwreargeted market isn’t limited to
Tunisia but boundaries could be enlarged and wesaiin talk about the Mediterranean
market.

The next problematic will be, what are the oppaittas and threats for the STEG within this
environment.
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3.3.2.PESTEL analysis
Political Factor to consider

* Political stability is a real issue, Tunisia isifagcrucial political changes, It is
planning for national elections at the end of 2(dergy policy and especially
electricity are sensitive subjects and currentgytbouldn’t be treated objectively;

* The main regulator is the MIT and STEG is one ®mder tutorial’s companies. Any
STEG strategies have to be alienated to and dictatehe MIT,;

* The Government emphasizes on the good monitoridgpptimization of electricity
production and delivery;

* The government is looking for loans to fund condinn of some electrical plant ,
such As the power plant of Sousse and recentlpanése loan of 346 billons dollars
to fund the construction of Rades power plant;

* The proposed law about generating energy from wahke resources

0 The establishing of an electric national plan, veittnain mission the
enhancement of electricity generation from renewailergies;

o0 The encouragement of private investment in thisosgc

o0 The enabling and expansion of auto-production gainespecially for the
own consumption of localities and companies;

o0 The regulation of electricity exportation;

» Consumer protection: The Bill about lifting the sidy on cement, Mr. Ouerfelli said
that he's concerned about the purchasing powéreatdnsumer. The middle and low
class will not be affected by grant waiver, "that8twill assume the role of regulator".

Economic factors to Consider

More than 97.8% of STEG power plants use Naturalagacombustible

B Natural Gas
B Wind

_1_-2°/° = Hydraulic

Figure3.3: STEG's Generation by fuel type [STEGc=T site]

Electricity generation consume about 73.15% ofntigional total natural gas consumption.
The big issue is that recently our energy balasde deficit, hence the resort to buying
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natural gas from the international market. Cerjairom the graph below there is a general

pricing decline but we notice a lot of fluctuatistnich should be added to the depreciation of
the Dinar
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Figure 3.4: The tendency of Natural gas pricingotingh the last 10 years
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Figure 3.5: Natural gas production and request ttoe two last years1l
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These uncertainties induce a financial burden erstate. The expected deficit would reach
3.05 Mtoe™ during 20143
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Figure3.7: The state of subsidies evolution

* The Tunisian Solar Plan which in addition to the improvement of energetic
efficiency , aim to enable electric generation framewable energy in order to reach
1000MW in 2016 (16% of total generation capacity) 4600MW in 2030( 40% of
total generation capacity). This governmental [iga@ part of the Mediterranean solar
plan and due to its energetic potential and itggguhic position, Tunisia would be a
hub for energy exportation to Europe [Wuppertatitate ; 2012].

2 Million tonne of oil equivalent (toe)
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Figure3.8: Expectation of power generation fromeemable resources (DESERTEC Project)

DESERTEC project: it's an initiative from a nomsfit organisation (Desertec Foundation)
and a consortium of companies (Desertec Indudtrigtive),about the exploitation of the
desert of MENA region for the production of elégty from renewable sources to supply the
region and export to Europe [Wuppertal Institu2912]..

Socio-cultural factors to consider:
» Electricity demand is in a continuous growth (+1P2013)
* Risen of life standards and customer requirements
* Alack of trust et abstention pay bills (538 mifli@inars to outstanding in 2013)
Technological factors to consider:

Electricity delivery technology has reached itsumatstage, Innovations are involved in the
introduction of IT technologies and the dynamic ag@ment of energy demand. Tendency is
moving to the establishing of the “smart Gfitiéoncept.

The increasing need for the renewable electrigibgipction enhanced innovation in this
field, and also a new concept is appearing, weadking now about distributed generation
and Energy storage

" A smart grid is a modernized electrical grid that uses analogue or digital information and communications
technology to gather and act on information, such as information about the behaviours of suppliers and
consumers, in an automated fashion to improve the efficiency, reliability, economics, and sustainability of the
production and distribution of electricity [Wikipedia ,2014]

' Distributed generation, also called on-site generation, dispersed generation, embedded generation,
decentralized generation, decentralized energy, distributed energy or district energy, generates electricity from
many small energy sources. Most countries generate electricity in large centralized facilities, such as fossil

fuel (coal, gas powered), nuclear, large solar power plants or hydropower plants. These plants have excellent
economies of scale, but usually transmit electricity long distances and can negatively affect the environment.
Distributed generation allows collection of energy from many sources and may give lower environmental
impacts and improved security of supply.
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Environmental factors to consider:
* Global warming affects directly electricity demand

» Carbon emission limitation’s is an important coastt while utilities are choosing the
power generation technology

* There is a multitude of contestation against theaaly erected overhead and the
projected ones, Contestation are about esthesgalch, electromagnetic pollutions...

Legal factors to consider

* Law No. 96-27 of the first April 1996 and the La®-93 of 14 February 2002 Article
66 provide an opportunity for new entrants to invegower generation

» Bill of renewable energy in 2014 which emphasizenw@stment in generating
electricity from renewable energy and the reguiabbits exportation.

3.3.3.Porter’s Five Forces

Supplier Power: Neither the electric producers, nor the TSO haeepttwer to drive up
prices. The MIT is the main pricing regulator ahtas the authority to validate any
contract between STEG and any third producer.

However, transmission sector is considered aswalahonopoly, and the fact that STEG
is vertically integrated company; those facts didive a high bargaining power to
suppliers.

Buyer Power: As it was mentioned before, Buyers are

» 20 High voltage clients which had consumed abal@%. of sold energy during
20012 [STEG Report, 2012]

» 45.33% of sold energy was consumed by medium wltagsumer (delivred
through distribution network)

* 46GWh was sold to Libya

In Tunisia the distribution of electricity is alaamonopoly of STEG added to the continuous
growth of electricity demand; buyers didn’t havey @ower to negotiate prices. However in
this case also, the MIT is the market regulator.

Competitive Rivalry: The transmission equipments are capital intenSV&G is a
monopoly in the Tunisian market.
However, the TunNur project also aims to transieitteic energy from South of Tunisia to
the UK grid, via a HVDC cable and the European.gFitis project could be a serious
competitor in the European market

Threat of substitution: The technology of electricity storage doesn’t offew alternatives
to substitute the on-demand's generation of et#striThe production of electricity and
therefore its bulk transfer remain the most effectvay for managing electricity demands.
Conventional power plants are still offering theteost effective solution.

But, the rise of fossils energies prices, the iasiiey concerns about global warming and the
ecologic awareness are leading to encouraging geoerfrom renewable resources,
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Subsequently, the appearance of distributed geaenatich will use particularly the
distribution grid. The proliferation of this condgthe distribution grid will offer a substitute
service to the one offered by the transmission ogtw

Threat of new entry: The high capital requirement is the main barrigransmission
market entry, However one axiom of 2014's billaiking about regulation of the exportation
of electricity, which could be interpreted as siggm government to the liberalization of the
transmission market (TUNNUR project).

3.3.4.Internal analysis
3.3.4.1. Value Chain

Firm Infrastructure

! Human Resource Mana'gemenl

Support | d .
Activilies :
i

|

1 1
Technology Development

' Procurement !

L N

Inbound | Operation | Outbond arketing
Logistics Logistics and Sales

Electricity
Jransmissiofn

N A

Primary Activities

Figure 3.9: Value chain

If we consider that electricity generation as theration activity in the STEG’s value chain,
electricity transmission and distribution are tlhbound logistics.
The power generation market is already liberaliaed the future perspectives are for more
liberalization. The electricity retailing could pevatized, many privatization experiences has
been lead in different countries. Even more, tlablem of unpaid bills (553 million DTN
according to last STEG'’s statistics) and the hugelén induced by this sector, privatization
could be good solution.
However the transmission and distribution gridS®EG are its main competitive
advantages. Moreover, this activity may be the besin for entering in new markets. The
European market precisely.
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3.3.4.2. The assessment of skillsand resources of the company

The percentage of supervisory staff in businessabaout 28% , STEG count about
12506 employees in 2012 with a total | rise of 20.8

2010 2011 2012 Variation
Executive 2415 2621 3075 17.3%
Foreman 5477 5641 5376 -4.7%
workman 1875 2600 4562 75.5%
unavailable | 507 513 507 -1.2%

9260 10349 12506 20.8%

Table 3.2 : STEG's staff distribution

We notice that there is a real increase in empkyaaémber, however the main category
is the Workmen and it is due to the post revolupohcy. This policy has induced a great

burden on STEG'’s budget but without real addedezalu
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STEG has cumulated a rich knowledge during itséfry of establishment,. Its
training centre is real knowledge bank which pradaavell trained promotions of
foremen and workmen. STEG also invest in trainirggpam (about 3991 thousand
DTN during 2012). However the average age is abB8uytears and 5 months and if we
notice that for foreman and workman, the retirenag@ is about 55 years, we deduce
that in the next years we will lose a big part of tacit knowledge.

The net income of 2012 is -115 792 k DTN in 2018us -17 168 k DTN in 2011.
The financial situation of the company is quititical.

The organisation structure is not up to date, #messtructure remains since 52 years,
the transmission activity is managed by differantations and coordination between
them is more and more difficult due to the growtlkd @omplexity of activities.




3.3.5.SWOT matrix
Through the previous analysis we could presenbéi@wv SWOT matrix.

Strengths Weaknesses

e Arich knowledge and 52 years e Capital intensive equipments

experience * Rigidity of the STEG's organization chart

*  Skilful workforce * An inappropriate rise of employee’s

* Implanting throughout the territory number without real added value.
e Monopoly in transmission and » Bad financial results
distribution
Opportunities Threats
* High potential in renewable energy » Political instability
production

e Economic crisis
e interconnection with the Maghrebean &

_ _ e The liberalization of electric exportation
Mediterranean grid (European market)

* New regulation

» world energetic crises and ecological
concern * The politicized electric pricing policy

« The liberalization of electric exportation * A Sustainable growth in energy demanc

e Distributed generation

Table 3.3: SWOT matrix
3.3.6.suggested STEG's Strategy

STEG couldn’t stay inside a bubble, isolated toupkeaval changes in its environment.
With new challenges, opportunities and threatgetigean ineluctable need for deep changes
in STEG'’s structures and strategies.

A benchmarking has shown that the de-regulatioglextric sector and the separation
between its main components is unavoidable. Cormrselyy the establishment of a focus
strategy on the electricity transmission secta@r msust.

This strategy should face many constraints such as:
The growth of energy demand and consequently tharesion of the transmission plant;

The rise use of the Renewable electric generagioniologies. This sort of energy is
characterized by its variability, its uncertaintydats specific geographically location. Those
constraints induce a huge need for a high levékaibility in the grid management (the
introduction of Smart Grid concept).

Entry to the European market and the potentiabéistanent of a Mediterranean Market is
also considered as opportunities as well as thrAatsonsequence, transmission plant have
to meet reliability and availability requirementsprovide needed capacity into the future
[BPA; 2010].
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Operating, maintaining and expanding the transimsplant need a capital intensive
investment and induce large expenditures. Howeliereconomic and political uncertainties
in Tunisia, added to the critical financial sitwatiof the company makes searching for new
investment funds a difficult and penalizing task.

As a result, the company should opt for a cost-cions strategy that focus on return on
assets and disciplined spending [Rijiks and al020A strategy that emphasis on delivering
both commercial and technical world performan@e,dontinuous improvement of return
from transmission assets while maintaining and owimg operational reliability [N Kolibas,
1998]

This statement complies with what STEG declaressiofficial site: “The technological
choices adopted by STEG are explained by its peentasoncern with finding a better
compromise among reliability requirements, the labdlity, the control costs and the respect
of the environment.”

The adopted strategy is basically constituted atdba below three pillars

w—

Cost I
efficiency Reliability
Availability

Figure 3.10: STEG’s key strategic pillars

The strategy should also be aware of environmésgaks, safety, security and health care.
In addition, the strategy should be aware of waidéacompetencies and skills and the
knowledge management.

The suggested strategy, that meets all concermaamated below, is the adoption of Asset
management.

Asset management is a corporate strategy that sedledance performance, cost, and risk.
Achieving this balance requires the alignment apoocate goals, management decisions, and
technical decisions. It also requires the corpatattire, business processes, and information
systems capable of making rigorous and consispartding decisions based on asset-level
data.

The result is a multiyear investment plan that mmazes shareholder value while meeting all
performance, cost, and risk constraints.
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The goals of asset management are to:
» Balance cost, performance, and risk;
» Align corporate objectives with spending decisions;

» Create a multiyear asset plan based on rigorouslataddriven processes.
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Chapter 4 :

Asset management
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4.1.Asset Management
4.1.1.Definition of asset management

According to PAS 55, an Asset igilant, machinery, property, building, vehicles anber
items that have a distinct value to the organizadt{@AS 55-1:2008]

According to ISO 55000, an asset is: “an item,dlon entity that has potential or actual
value to an organization”

We could distinguish five types of assets (Physasakets; Human assets; financial assets;
Information assets; Intangible assets). The custrty will focus on physical assets.

PAS 55 defines asset management 8gstematic and coordinated activities and practices
through which an organization optimally and susédily manages its assets and assets
systems, their associated performance, risks apdreditures over their life cycles for the
purpose of achieving its organizational strategia[PAS 55-1:2008]

ISO 55000 defines asset management as a coordimetieities and practices through which
an organization delivers value from its assets.

CIGRE guotes that Asset management activities aattipes attempt to optimally manage
assets, and their associated performance, riskexg®hditures over their life cycle for the
purpose of achieving the required quality of sexvuitthe most cost-effective manner.
[Electra N°262, 2012]

Effective implementation of asset management reguardisciplined approach which
enables an organizationneaximize valueand deliver itstrategic objectivesthrough
managing its assets over theinole life cycles [PAS 55-1:2008]

According to [PAS 55-1:2008], this is achieved by:
» Determination of appropriate assets to acquirgexdte in the first place
* How best to operate and maintain assets
* The adoption of optimal renewal, decommissioning/andisposal options

According to ISO 55000, the establishment of aetasmnagement system is considered as
a corporate strategic decision.

4.1.2.Benefits of asset management system

The principle benefits of optimized life cycle ass®nagement according to [PAS55:2008]
are:

* Enhanced customer satisfaction from improved perémce and control of product
or service delivery to the required standards;

* Improved health, safety and environmental perforrean

» Optimized return on investment and /or growth;
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* Long-term planning, confidence and performanceasugbility;

* The ability to demonstrate best value-for-moneyimita constrained funding
regime;

» Evidence, in the form of controlled and systemptmcesses, to demonstrate legal,
regulatory and statutory compliances;

* Improved risk management and corporate governamt@ &lear audit trail for the
appropriateness of decision taken and their ageakciasks;

» Improved corporate reputation, the benefits of Whitay include enhanced
shareholders value, improved marketability of paifiservice, greater staff
satisfaction and effective procurement from thepbpphain;

» The ability to demonstrate that sustainable develq is actively considered within
the management of the assets over their life cycles

ISO 55000 quotes that benefits of Asset managearent
* Improvement of financial performances
* Provide information for capital investment decison
* Risk management
» Improve operational and service level
* Prove the social responsibility
* Improve the brand image
* Improve the sustainable development of the orgéioiza
* Improve the effectiveness and the efficiency

For many companies, the assets are core to thaipagian’s purpose, such as utility
networks, power generation, railway or road systeisnd gas installations.... [PAS 55-
1:2008]

In this sort of companies, business performancéosely related with the good operation
and performance of its physical assets. Their fscokis influenced by the stewardship of its
assets and thus by its asset management system.

Delivering the best value for money in the manag#méphysical assets is complex and
involves careful consideration of the trade-offsamen ,Performance, Cost and Risk Over all
stages of the assets’ life cycle.

There are inherent conflicting factors to managehsas short-term versus long-term benefits,
expenditure versus performance levels, planneduapthnned availability, or cost capital
costs versus operating expenditures. [PAS 55-1]J2008

There are also different levels at which assetdeandentified and managed- ranging from
discrete equipment items or components to compiegtional systems, networks, sites or
diverse portfolios.
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Figure 4.1: Levels of assets and their management

In summary, Asset Management involves the balanairogsts, opportunities and risks
against the desired performance of assets, to\acthe organizational objectives. This
balancing might need to be considered over diffetiereframes.

Asset Management is the art and science of makmgight decisions and optimizing the
delivery of value. [IAM?®, Official site"’]

4.1.3.The structure of an asset management system

The asset management system is a tool to satisfydifporate environment's expectations by
supporting the delivery of the Organizational Stgit Plan (OSP).

The OSP is transferred to the operational levahleyestablishment of an asset management
policy, an asset management strategy, asset maragebjectives and plans. These, in turn,
direct the optimal combination of life cycle acties to be applied across the diverse portfolio
of asset systems and assets. [PAS 55: 2008]

The asset management system emphasizes also partbenance and condition monitoring
and therefore on the continual improvement approach

This sort of feedback, given by the monitoring andtinual improvement process, provides
top management with reliable and accurate data thenday-to-day activities.

As consequence, sustaining the “line of sight” lestwdifferent levels of management
allows the alignment of the “Top down” aspiratiaighe organization with the “bottom up”
realities and opportunities of the assets.

'® |nstitute of Asset Management

17 .
www theiam.org
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Figure 3.12: Overview of the asset managementsyste relationship to the organizational
strategic plan and stakeholders expectations [PB2E8]

4.1.4.Asset management for the transmission utilities

For infrastructure companies, asset managemehfusdamental importance for it is
related to effective risk management, making inwesit decisions that will produce
maximum return on assets, reduce losses and emgdiatglity and quality in a regulated and
demanding market.[Marisa; 2012]

As part of infrastructure companies, electricigngmission companies are basically
operating the transmission network, so that, threyogerating a set of physical assets.
Each asset has its own value that makes monitandgcontrolling its usage desirable, in
order to achieve the core business objectives.[8ee2012]

As it was mentioned at the strategic study chaptedsaccording to CIGRE the evolution
of electricity utilities, through various wavese@{pansion, privatisation, de-regulation and re-
regulation, has elevated the practice of asset geaneant to a core focus of senior
management. [E.Rijks & al, 2010]

' International Council on Large Electric Systems (Conseil International des Grands Réseaux Electriques)
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According to the same study, the spread of riskagament practices, the developmer
IT technologies and the tight stakeholders' requinets pressures and scruti have given an
impetus to asset management pract

In this sense Asset Managemeilregarded as a total business concept that comphis
management of risks for the business value arfsorg the asset base itself (e.g. aging of
assets) and the risks arising from-)adequate response toamges of the environment (¢
load growth).

The holistic Asset Management business model impliat asset management is more
maintenance management of specific typeassetsit comprises the complete asset base
all risks that can impact on the business valuerdfore Asset Meagement include
maintenance management aspectsell as system planning aspects.Rijks;2012

Shareholder and Regulator

Input

Corporate Investment Selection & Decisions

® Business performance

& Strategy
» Investment Governance

Collect Assel Information

Figure 3.13:Asset management Business Process ME.Rijks; 2010]

The Asset management practices have been adoptethewvorld. For few years we te
been talking and applying the PAS 55 of the Brisdandards Institution's (BSI). (P4
Publicly Available Specification for the optimizesanagement of physical asse

According to the official sit€, PAS 55 has proven very successful, with widesd
adoption in utilities, transport, mining, processl ananufacturing industries worldwide. T
2008 update (PAS 55:2008) was developed by 50 @agi@ons from 15 industry sectors in
countries. The International Standards Organisgt®®) has now aepted PAS 55 as tt
basis for development of the new ISO 5X series of international standau

19 http://pas55.net/
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A documentary research has shown that a plethararopanies over the world has adopted
Asset management. Such us

* National Grid Electricity Transmission (NGET, Engthand Wales)
» ElectraNet Electricity Transmission, South Ausaali

* Hydro one Ontario Canada

* Bonne Ville Power Administration USA

* Northern Ireland Electricity

» Western Power Australia

* Victorian Electricity Transmission Network Austiali

* Ternain ltaly

For example, a sample of asset management obje&xteacted from Asset Management
Strategy of the Victorian Electricity Transmissidetwork

» Create sustainable asset and network risk-prablesiderpin future performance
* Meet reliability and availability performance tatge

* Improve health, safety, environment and infrasticeesecurity performance

* Comply with codes and regulations

* Minimise life-cycle costs

What is also noticeable is the fact that the dewbat have led this company to the
establishment of this system are the same for STEG.

They enumerate:

» Sustainable Network Risks — Reliability and avallgbexpectations, maintenance
of asset condition and sustainable network and askeprofiles are driving high
maintenance, refurbishment and replacement volumes

* Network Augmentation Levels — Continuing growthdemand, increasing network
fault level restraints and high equipment utilinatievels are increasing the levels of
network augmentation

» Performance Improvements — Code compliance, anthhesad safety, environment
and infrastructure security performance improvemsent

» Efficiency — Continuing efficiency demands elevatsdet management practices
* Technology - Emerging viability of new technologies
» Workforce — Potential workforce skilling demands

Finally, the adoption and the establishment of sseamanagement system based on PAS
55: 2008 specifications or based on the new IS@B5Mandards is a must.
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Despite that the establishment of such system dreubnate from the top management
level. The operational level, in this case represstby the Electricity Transmission
Maintenance Unit, could be inspired by this concept

4.1.5.Asset management for STEG’s case

CIGRE stipulate that transmission companies areimgdvom a traditional management
model to a modern one.
Traditionally, the transmission function was a sation of a larger electricity entity.
Investment decisions were made based on an indivgdexperience, generation expansion
requirements and internal planning processesulddoe said that this was intuitive process,
driven by specialist engineers. [E.Rijks; 2010]

This description fits with the STEG's model. STEG ivertically integrated company. It
manages electricity market with a holistic manieansmission strategy stems from
generation expansion policy and decisions areysdi&ren from technical point of view.

In the contemporary environment, a recommendat@raceed with a significant
investment to replace aging assets on the bagisgieering opinion is frequently no longer
adequate. However, Within STEG, the replacemensi@cmaking remains mainly a
technical decision.

Nowadays, there is a move from the historic “botigo’ drive for asset management to a
“top-down” drive. That is, instead of the techniet@ments of a business seeking to push
asset management concepts up through their orgianisa improve efficiency we will now
see regulators and boardrooms drive implementébioone or a combination of the
following reason®"

* Regulatory Compliance

» Contribution to Due Diligence
» Marketing strategy

» Competitive advantage

Conversely, STEG's decision related to establigissdts are mainly technical and do not
have an associated economical arguments

Utility management, shareholders, regulators aititiyutustomers want transmission
companies to optimize the value of investment setsand, as a result, business cases to
justify such investment will see increasing scrytie.Rijks; 2010]

Conventional methods based on engineering judgmeagitbe adequate for operational level
asset management decision making; but quantitatidemore advanced analysis are needed
for tactical and strategic level. [E.Rijks; 2010]

The Asset management is interested by both tedramchfinancial aspects. It also covers
the three differentiated levels: strategic levattical level and operational level.

20 http://www.assetivity.com.au/article/asset-management/what-is-iso-55000.html
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According to CIGRE’s study, each level has its eltearistics:

Level Time frame Focus by relevant manager Priorities and Goals Reference
concerns Document
Link company KF_’I _Wlth asset Capital Asset
. management policies and facilitate| Manage asset| .
Strategic | Long term . 4 investment Management
the approval of tolerable risk portfolio T
- Optimization strategy
levels/criteria at the corporate level
Optimizing and justifying
. . e S Asset
. Medium investment decision and Manage asset| Optimization of
Tactical L . management
term coordinating short and long term | systems cost and risk LS
objectives
asset management plans and budgets
Optimizing the allocation of budget Optimization of | Asset
. in the short term and coordinating ;
Operation| Short term ) ; . . Manage assets life cycle management
funding with service providers to A
S o ) activities plans
maximize efficiency and benefit

Table 3.4: Asset management level

To conclude, Asset management should be the meguate system for managing the

STEG transmission activities for all its levelsnodnagement.

4.2.Management within the context of the ETMU at STEG
4.2.1.ETMU activities

Transmission activities at STEG could be gathenénl% main groups:

1. management of the grid (management and coordinptarer generation ,

transmission and electricity demand, as a wholeitedrated system in order

to answer and satisfy customers' requirements)

2. Remote operating and monitoring of the electringraission system

3. Designing and extending of the grid according ®d¢hbrrent and future
requirement of customers

4, Maintenance and monitoring of electricity transnueghysical assets

5. Refurbishment, decommissioning and dismantlingarigmissions assets

Actually the ETMU* is mainly involved in the fourth activity. Maintance is the core
business of the unit and the maintenance processdshe considered as an operational
process which provide and create the primary vsiteam.

While the ETMU patrticipates to the designing andasions activities, its participation is

based on its maintenance experience and feedlidws for objective to improve the

purchased assets design and guarantee the bgstneqis reliability and to decrease the risk

of failure...

Equally, ETMU is supposed to participate to theetssefurbishment and decommissioning.
It takes part to the decision making process amth év the works execution. In both cases,

the ETMU participation is basing on its maintenakiewledge.

2

1 . . . . .
electricity transmission maintenance unit
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Thus the two previous activities are consideredwputs of the maintenance process. Any
other activity within the unit is supposed to suppms manage the maintenance process.

4.2.2.Maintenance function in the electric transmission ector

Basically, the transmission network comprises aewidriety of assets that stems from
different technologies fields, and fitted togethera system to fulfil the function of electricity
transmission.

Those assets are spread over large geographi¢ anebso they are under several severe
constraints such as operating constraints, weatihmstraints, pollution constraints....
Those factors added to the weariness phenomen#odeael gradually deterioration of
equipments and affect the reliability factor.

As a response, the maintenance competencies apesh&ool to improve asset reliability.
However, maintenances activities induce increagingsts and equipment unavailability.

The dilemma is to seek for an optimal balance betwibe three aspects.

According to [Asgarpoor & Doghman 1999]: Electuitlities are confronted with many
challenges in this new era of competition suchsasg Operation &Maintenance costs,
growing demand on systems, maintaining high legtleliability and power quality, and
managing equipment aging.

Therefore, the health of equipment is of utmostartgnce to the industry because revenues
are affected by the condition of equipment. Whemaied is high and equipment is in
working order, substantial revenues can be realized

On the contrary, unhealthy equipment can resigemice interruption, customer
dissatisfaction, loss of good will, and eventuaklof customers.

To conclude, as well as any other plants, the tné&sson one requires the maintenance
function; moreover it needs a systemic managemeates that will provide the
transmission companies with tools to achieve thaeeki possible grid cost with acceptable
technical performances. Meanwhile, this systemeha\satisfy their regulators,
stakeholders, and customer requirements.

4.2.3.Asset management for ETMU

For modeling the management system in the ETMUcamdidering the fact that
maintenance is the main activity. A management &aork is needed and that is focused on
maintenance.

According to [Guillaume; 2009], there is a plenfymethods, approaches and tools in the
maintenance field which are adopted, adjustedaatmporation business. However he
noticed some issues such as:

* Lack of coherence
» Lack of prioritizing

* Lack of standards useful and applicable to any tfgmisiness
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That is what pushes [Guillaume; 2009] to choosd$i@@ 9001:2008 standard as a
framework to the maintenance management systerardgies his choice by the fact that this
standard is:

* Already applicable to any business type
» Its terminology is worldwide adopted and fit withyabusiness

However, according to the previous paragraphseliericity utilities are categorized as an
infrastructure business and the current tendenttyapt for the establishment of an asset
management system according to the British Stasdastditute specifications (PAS 55:2008)
or to the states of the art ISO specification'©(E5000).

An asset management system tries to manage assedssets system (the systemic
approach is highly important for the electric tigls context), their associated performances,
risks and expenditures over their life cycle.

This management system covers the four life cybkesps of the assets (Acquiring,
utilization, maintaining, and renewing or dispogiagd consequently, covers the activities of
ETMU.

The asset management system helps to deliver terbde off between performance, cost
and risk over all stages of assets life cyclesids to balance between the short term and long
term considerations.

So that, it's a tool to link the operational letelthe tactical level and finally to the strategic
level within the company.

The asset management system is also adjustabl®tiigh existing management system, it
uses the business process approach and it basies BDCA approach.

The asset management system seems to be the reqsbéeito ETMU context, it covers the
whole assets life cycle, it integrates all actastperformed by the unit, and moreover it
harmonizes its activities with those performed byeo department and other management
levels.

The following study aims to study and plan the lelgghment of an asset management
system within the ETMU. This management systemmainly focus on maintenance
activities. The scope of the asset managementrsysi only be limited with the ETMU’s
portfolio. This management system will comply wiitle ISO 55001 requirements.

4.3.Presentation ISO 5500X suite of standards

The three 1ISO Asset Management (AM) Standards tievpotential to impact all
organizations that have asset management respdresbilhese Standards, whilst framed on
the management of physical assetmn be utilised for any asset tyged by any size
organizationThey address the requirements for a managemeenhs{sot software) for the
management of assets and comprise [IIMM; 2014]:
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« SO 55000 Asset management — Overview, principhelstarminology
* |SO 55001 Asset management — Management systemgsirB@ents

* [SO 55002 Asset management — Management systendelf@as for the application of
ISO 55001.

ISO 55000is an overview of what an asset management sysbesists of and of the
terminology that is used throughout the 1ISO 5500iesof standards. The basic principles of
asset management are mentioned, and the benetitsutth a system offers the different
management levels of an organisation are brieftirad. [Van den Honert & al; 2013]

It considers that asset management is based orfuiodamentalsgondalini; 2014]
1. Bringing value for the organization and all itsketholders from the use of its assets;
2. Promoting alignment across the organization toea@horganization goals;
3. Managerial leadership with commitment, along withempowerment culture;
4. Achieving Assurance of producing required assefopeance.

ISO 55001specifies the minimum requirements to establisiplément, maintain, and
improve an asset management system. These requaiteare to enable parties, internal and
external, to be able to measure an organisatidnilityato meet legal, regulatory, and
contractual requirements as well as the organigatmwvn requirements. [Van den Honert &
al; 2013]

It details the things required to be done. It entates some 72 (shall) requirements with a
number of sub elements. The structure of the Standdormatted under the main headings,
as follows:

» Context of the Organisation

o0 Needs/Expectations of Stakeholders

0 Scope of the AM system and to which assets itapply.
* Leadership and Commitment

o Policy, Roles, responsibilities and authorities
* Planning

0 Risks and Opportunities

0 AM Objectives and planning to achieve them
e Support

o Resources, awareness, competence

o Communication

0 Information
* Operation and Control

o Change management
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o Outsourcing
» Performance Evaluation
0 Monitoring and Review
0 Auditing
* Improvement
o Nonconformity
o Corrective and Preventive Action
o Continual improvement

Using the PDCA concept, the framework of the mansage system could be presented as
below:

Organisational
context
Leadership
Planning

Plan

PDCA
Cycle

"\ Check

Performance . Support
evaluation ! Operation

Figure 3.14: The PDCA Cycle with related 1ISO 5560G{uses [Botha; 2014]

The last standard of the suit80 55002 offers guidance on how to apply an asset
management system in accordance with the requirsnoéhSO 55001. The standard informs
the reader of how to implement and maintain antasaeagement system at all management
levels of an organisation by providing guidancevbht should be done. It also gives insight
into the planning, operation, and support actigitigat go with such a system. [Van den
Honert & al; 2013]

ISO shaped the asset management system as below.
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4.1 Understanding the organisation and its content
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8.3 Outsourcing (scope) g xmmﬂ“ management system
wylam & F
rekevant sppon l
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(Liecyee acties) - """":":m"?:“"*” 7.4 Communications

7.5 information requirements
1.6 Documented information
[ |

B.2 Management of change

9.1 Menftoring, measurament, analysis and svaluation
.9-'2 Internal sl

9.3 Mansgement review

10 Improvemant

= Pertormance evaluation and mprovement

Figure 3.15: 1ISO 55001 elements of an asset managesystem [ISO55001]

The next chapter will show the feasibility of implenting an asset management system
(maintenance oriented) within the ETMU's context.

The proposed management system will try to be ciamiplvith ISO 55001: 2014
requirements.

The main assumptions will be:

* The management system will only address assetmamdenance activities

+ There are no outsourced activities
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Chapterb:
Implementation study of Asset
Management within the ETMU

according to the requirements of ISO
55001:2014 standard

48



5.1.Introduction

ETMU is a unit acting in the transmission fieldla operational management level. It
manages an asset portfolio that is fixed by anmmaieorganisational geographic subdivision.

Its main mission is monitoring and maintaining &ssAs a result it mainly manages two
phases of the asset life cycle: Maintenance andfioatibn.

Strategy \
y
Technical information
for decision making Dispose B, _I-/{ -
- L Asset :
|

| Modify ‘1_ L i fecyc I e

Maintain

Activities and responsibilities of

ETMU Operate

Figure 4.1: Asset lifecycle

As it is shown above, and despite that ETMU hasesertra responsibilities which will not
be covered by the proposed management system. masetgement will give an opportunity
for ETMU to sustain those extra activities withiable gathered information, accurate asset
condition data, the introduction of risk managenard the continuous seeking for
improvement.

Thanks the asset management, the operational igliete ETMU acts, will be connected to
the corporate strategic levels. It will comply wigquirements of internal and external
stakeholders (of ETMU and STEG).

This study will

» Offer a roadmap for the establishment of an assetagement system focused on
maintenance activity within ETMU

» Be the first step for implementation of the assahagement system for a higher level of
management, broader scope of assets, and thasdbedotality of the asset lifecycle.

49



The management system will try to satisfy the7alimequirements in ISO 55001. Many
of the ‘shall’ are extensive obligations to desigeyelop, build and support business
processes spanning the organization and its lifecywluding applicable external
interactions. $ondalini; 2014]

The developing asset management plan will fit tB€R framework exposed in the
standard and divided into seven main elements:

1.

7.

o 0ok~ w D

Organisational context;
Leadership;

Planning;

Support;

Operation;

Performance evaluation;

Improvement.

[Sondalini; 2014] has presented an asset managesysteim requirements framework that
will be considered as a guideline for shaping dabarating the asset management system
within the ETMU.
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Understanding needs Understanding the
and expectations of Puolicy organisation and its -
stakeholder 52 fam context ISO 55001-2014 Asset Management System Requirements Framework
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Asset management Leadership and
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Control of
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Preventive action
102

corrective action -]
101

Figure 5.2: ISO 55001: 2014 Asset management sygguirements framework
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5.2.Asset management policy, strategy and objectiv

According to ISO55001the organization shall understaits context. Thi means
understanding thimternal and external environments, jurisdictiondaand regulations, tf
stakeholders within and without the organizationg the organization’s purpose(s) ¢goals

[Sondalini; 2014].

The asset management should take account of carestraints anStakeholder:
requirements, and coalesce answers to those faotongés asset management pol its asset
management strategy and its asset managementioeg

To sustain the establishment of the asset managerystatr, the top management shot

show its leadership and commitme

The elaboration process, based on ISO55001 regeirsns shown in the figures bel

Determining the
scope of the asset
management system
(portfolio) 4.3

L]

Understanding needs Understanding the
and expectations of Policy organisation and its
stakeholder 52 context
4.2 4.1
¥

Asset management
cbjectives
6.21

Leadership and
commitment
5.1

Y

Figure 5.3:Implantation of asset management policy, strategy @bjective

The output of this process will |

The asset managem policy statement
The strategic asset management plan (S#
Asset management objecti

The stakeholders regis

The asset management sc

The assets register.

The assets activity regist
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5.2.1.Understanding the organization and its context

Clause 4.1is concerned about understanding the internakatetnal environment. That
means answering to the following questions [Sondg&014]:

* How external issues may impact the asset managesystetm with subsections on
the legislative and regulatory environment, comnaenvironment, economic
environment, social environment and natural envirent?

* How internal issues may impact the asset managesgstegm and includes
subsections on corporate direction, business framenand financial sustainability?

* How demand for services and assets may changeeaslaof external drivers?

Paragraph 3.3 of the current document, has exeauséategic study about STEG as whole
entity but focusing on the electricity transmissBBU*

As a result we obtained a SWOT matrix that enuresrtéte opportunities and threats facing
the organization, in addition to its weaknessessarehgths.
The matrix summarizes the parameters that couldante organization in delivering its
objectives.

The analysis has shown the need for a trade offdst technical performances and
financial performance. In addition, the need fotimpze the use of its resources and to
improve its skills. Those objectives could be agbtby the use of the asset management
system.

Thus, the previous chapters have shown the pragreBsm the organizational objectives
to the asset management objectives. It demonsttaedignment of organisation and Asset
management objectives as it requiredlause 4.1of ISO 55001

5.2.2.Understanding the needs and expectation of stakeludrs
Theclause 4.2s concerned about stakeholders of the ETMU. Elg@irement asks to:
» Identify all internal and external stakeholders #melr expectation
* ldentify stakeholders’ information and reportingueements
» Develop asset management decision criteria

The stakeholders register presented in the anregptehlV satisfies the requirement of the
standard.

5.2.3.Policy

A definition of asset management policy could biengel as: A set of principles and
mandated requirements derived from and consistih} thie organisational strategic plan,
providing a framework for the development and immatation of the maintenance strategy
and the setting of the asset management objectives

2 Strategic Business Unit
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The asset management policy document stems frostrdegic study and the
understanding of stakeholders requirements. It leatompliant with the organization
mission, strategy and show the organization comemtm

The asset management statement in chapter VI @gta@rof the annex comply withause
5.2requirements

5.2.4.Determining the Scope of the Asset Management Syste

Theclause 4.3sets the boundary on the assets in the asset srapagsystem and the
coverage of your asset management system. Two dodstems from these requirements:

« The scope of the asset management presented ammlesx chapter Il paragraph 9
+ Theasset registef’ presented in the annex chapter IV
In fact, the transmission assets are divided wtornain portfolios
* Lines and cables
* Substation equipments: this group is also diviaed i

o The Primary plant: composed of a set of switchgaadsevery switchgear is
a set of high voltage devices such as Circuit leregkDisconnectors,
Transformers and Autotransformers, Reactors andati@ps, Measurement
devices...

o The Secondary plant: composed of Control's cirétibtection relays’,
Communication equipments, Backup power supply...

o Infrastructure assets: Building, fences, earth mats

The diversity of transmission assets, its diffefentctions and techniques, its geographic
spread added to the fact that some assets haweaishaintenance responsibility between
several departments. All those constraints ledatddaise of CMMS for the edition ofte
assets registe?”.

In addition, all activities integrated in the scaghe asset management system are related
to those assets. Those activities are also intedjratthe CMMS data base.

As a result, the uses of the ETMU’'s CMMS data [stisfy the requirement of the
availability of documented informatiéh

2 Clause 4.3 requirement

** An assets register is a document that lists all assets owned by an organisation. It could contain some
pertinent details about each asset such as technical information, location, value, depreciation...

25 .
clause 4.3 requirement
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5.2.5.Asset Management System

Clause 4.4is concerned by the establishment of asset maregesystem. Every process
used in asset management will need to be definédpecified. It requires flow charting
every process with all its interactions, and pagtiimo place procedures of how to correctly
do each phase and step of a process. This requitemas treated in the annex chapter VI
paragraph 6 and chapter XI

The organization must develop a SAMincluding documentation of the role of asset
management system in achieving the asset manageivjentives. Chapter VI in the annex
tries to satisfy this requirement.

5.2.6.Asset management objectives

ISO 55000 defines ‘objectives’ as the results tadl@eved. The asset management
objectives are the specific results required frasets and assets activities. Since achieving
the organisational objectives is the purpose obdset management objectives there is
natural alignment between the organization’s objestand its asset management objectives.
[Sondalini; 2014]

The output from planning and setting the asset gemant objects will be a list of SMART
(specific, measurable, achievable, realistic ametbound) objectives.
Theclause 6.2.1of the standard is satisfied by the Asset manageoigectives statement in
the annex Chapter VI paragraph 5.

5.2.7.Leadership and commitment

Clause 5.1requires top management to demonstrate leadeasdigommitment with
respect to the asset management system. Therenareleer of criteria specified that need to
be met to demonstrate this leadership and commitrmerhuding; resourcing the asset
management system, communicating the importanass#t management, cross-functional
collaboration, continual improvement and risk mamagnt.[IMMM; 2014]

This requirement couldn’t be satisfied at this leV¥éis study aims first, to present the new
standard for top management and to prove its niégessl its applicability at STEG.

26 SAMP: Strategic Asset Management Strategy
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5.3.Planning processes

How to achieve the organization’s asset manageguais (the achievement of which aids
in delivering the organisation’s objectives), addretakeholders’ needs and requirements,
and address the risks and opportunities that doctlve asset, the asset management, and the
asset management system is the scale of planrahgéleds to be undertaken. [Sondalini;
2014]

Planning processes transform the SAMP into actiwifilans that target to deliver asset
management objectives.

This process shall take account of risks and oppdrés inherited from the assets
management activities. Any change in assets ot agseem could induce new risks or
opportunities, which impact the asset managemgettes delivery.

Planning should also take account of resourcexanmgbetences availability, it should
optimize the use of resources and prioritize aigiand re evaluate risks.

The improvement actions should be integrated aeablack of the ongoing processes

As a result, the output of the process is the Assetagement plan (s)

Strategic Asset Management >
& Plan e » Actions to address risks &

Management of change opportunities for asset
management system

V

Planning to achieve asset >
management objectives

Continual improvement  je—pt

Asset Management Plan

h

Non conformities and
corrective action

Support process plans

Figure 5.4: Update and re edit of asset managemkamt process

5.3.1.Actions to address risks and opportunities for theasset management
system

Clause 6.1deals with addressing the risks and opportunitiasneed to be considered when
planning for the asset management system to achligevgended objectives and outcomes,
and how they might change with time. [IIMM; 2014]
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The process of addressing risk could be dividestinb main sub-sections:

» ldentify and evaluate risks that could prevent agdiment of asset management
objectives

* Plan actions to address risks and monitor the &ffaress of these actions

The risk management at STEG is a quite new disaplowever, the “Risk Management
Project”, an established internal project, hasaalyeanalysed the generated risks from
transmission maintenance activities.

Thus, the risk identification and evaluation metblodies and the risk treatment are already
done. The risk register stemming from this workldde easily adapted and adopted within
the ETMU. (See annex chapter VIII)

In addition, an evaluation of assets criticalitpiesented in the annex chapter VIl
paragraph 5.The evaluation follows the same metlbggaised by the risk management
project. However, the criticality of an asset imted and generally determined basing on the
impact of the failure of the equipment on the syséad the probability of fail occurrence.

The evaluation can be based on several parameteisas [E.Rijks & al, 2010]:
* Financial consequential
» Service/reliability consequential: The quantityeofergy none transferred.
» Safety consequential
* Legal consequential
* Image/Reputation consequential
* Regulatory consequential
* Environment consequential

As an answer to the failures risks, the elaboraioime contingency plan is a must.
According to [N Kolibas, 1998], the generic conengy plan document provides planned
responses to possible asset failures, resultimg é@nsequent or independent co-incident
events, where such failures take the transmisgistes outside the boundaries of planned
operational risks.

The events can be caused by a variety of causes:

o Environmental sources such as lightning, firesthegrakes, cyclones, birds,
trees;

0 Human sources such as vandalism, accidents;

o Malfunctioning of other equipment, explosions ofaagnt plant and failure
of protection systems.

These plans ensure that every transmission astet imetwork can be suitably replaced and
power supply restored in the proper time. The adeeitified in need of further consideration
beyond the scope of the generic contingency plalhsaguire a special contingency plan.
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To summarize, the output of this process is
* The risk register
* The list of critical equipments
* The contingency plan

However, risk management is a dynamic process.nuhie operation process many risks
could appear due to changes occurring on asssttsag/stem and asset management system.
Any modification, decision, improvement should sk assessed.

As consequence, the risk management should begmingnprocess. (Chapter Xl of the
annex)

5.3.2.Management of change

Clause 8.2deals with prior assessment and management afsiksyassociated with any
planned or unplanned change that could impact bie@og the asset management objectives
[IIMM; 2014].

Changes are to be risk assessed with considedEtitve impacts across the organization,
including reviewing unintended consequences, adelmtements are to be selected, and
the implementation is to be thoroughly planned.yGafter going through the whole change
management process are the specified changesianied Sondalini; 2014].

Considering the close relationship between charggagement and risk management, they
will be integrated in one process.

5.3.3.Planning to achieve asset management objectives

Clause 6.2.2eals with establishing and maintaining asset gpamant plan(s) that are
aligned with the asset management policy and tlagegfic asset management plan (SAMP) to
achieve the asset management objectives. Theraasegement planning must integrate with
other organizational planning activities and coasi@quirements coming from outside the
asset management system [IIMM; 2014].

According 1ISO 55002 the asset management plan @aulgrise:
* Ajustification of asset management activities (Axrchapter IX paragraph 1);

* The maintenance plans (Annex chapter IX paragrapActording to [N Kolibas,
1998], the Maintenance Plan is a complete list aint@nance work to be done on
the assets currently operating in the system tarertbat they continue to fulfill their
intended function in a cost-effective manner.

The maintenance work in the Plan has three mainterance categories:

o Preventive maintenance work,

o Corrective maintenance work,
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o Major works (after business case analysis for meatibn or refurbishment
and operating funds approval)

* The capital investment plans (repair, renovatieplacement and improvement)
(Annex chapter IX paragraph 3);

* Financial planning and resources (Annex chaptgrdiagraph 3),
The asset management plan elaboration is an utenatocess. It allows
» The optimisation of the maintenance planning wor#t aquipments' downtime,
* The sharing of information and the clearness abiliy for the different sub units,
* The optimisation of the use of materials spares Richasing activities...,
* The optimal elaboration of the budget,

Obviously, the asset management plan is influehgetie risk evaluation process. In
addition, while it is elaborated, the plan is imjgacby resources and competence availability.
However, support parameters are in an ongoing &aaghat the plan should be updated
according to parameters' changes. To comply wihsd 6.2.2 an asset management plan
review process should be established (Annex chajjer
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5.4.Support processe

For an asset management system to function corngmtl need to provide the process
infrastructure, financing, knowledge, skills, infeeition management, servidelivery and
cultural environment that produces the intendedtgssrformance for the organizati

[Sondalini; 2014]This involve:

* The management of resourc

* The management of information and documente

* The promotion of awarene

* The managementf gcompetence and knowled

Organisational roles,
responsibilities and Resources
authorities 7.1
53
Competence, Awareness
72 7.3
- Support
- Communication
74 Processes
Information Documented
raquirements —t Information — General
75 T6.1
Control of
{_incumer!ted Creating andﬁmdaimg
information 762
7.6.3

5.4.1.Resources

Clause 7.1deals with providing the necessary resources fe#tablishmer
implementation, maintenance and continual improveroétheasset manageme¢ system
and forimplementing the activities specified ire asset managemesiain(s [IIMM; 2014].
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This involve that ETMU should

Provide resources to establish and maintain thet assnagement system
Provide resources to implement the asset managetaant

Consider and evaluate internal and external regayrc

The ETMU has at its disposal a set of materiallantdan resources. Some materials directly
impact the maintenance activities such as:

SF6 analyzer

Gas recuperate

Oil analyzer

Current injectors for secondary plant tests
Truck, cranes, Live-Line Insulator Washing truck
Special tools for overhead line works

Special safety devices and materials supportec¢antiolled by the safety
intendment.

Other materials are not directly involved in ageaintenance such as:

Cars
CMMS

Some software used for HR and purchasing actiyitiesy are maintained by the
informatics department.

Workshops for mechanical, overhead line and cosisiem teams,

As same, ETMU has at its disposal a specializedkiwore dispatched on specialized work

team.

The asset management plan (particularly the maani@nplan) enumerates a list of task that
should be done. Those tasks are organized accaxlihg risk evaluation process. However,
the resource management process will reorganizenétietenance plan according to resources
availability. In addition, the resourcing Gap Ansil/will identify gaps between the ETMU’s
capabilities and the requirements needed to aclii®asset management.

During this process, all financial support, saféityman, equipment, tools, capital
expenditure, internal and external resources wilidentified and addressed.(see Annex
chapter XI paragraph 1). The establishment of éiseurce management process is an answer
to clause7.1requirement of ISO55001.

61



5.4.2.0rganisational roles, responsibilities and authories

Clause 5.3deals with the obligation for top management teuea that the responsibilities
and authorities for relevant roles are assignedcantmunicated within the organization.
[IIMM; 2014]

The documented organisational chart (see annexahigparagraph 2) assign and
communicate responsibilities and authorities whkecuting maintenance activities.

As a result, each team has its delimited task. Hewehe ETMU should establish a job
description sheets as an accurate descriptiorvéyeole.

Theclause 5.3equires also the assignment of asset manageystahsresponsibilities.
(See annex chapter X paragraph 2)

The finality is that all responsibilities and autities for each role are to be clearly specified
so persons within and without the within the ETMiarstand who is responsible for an
activity [Sondalini; 2014].

However, the distribution of responsibilities andreorities through the ETMU implies:
* The dissemination of asset management awareness;
» The concern about competence and skills level sétamanagement actors;
5.4.3.Competence

Clause 7.2covers the necessary competence (based on edydediaing or experience) of
person(s) doing work that could affect the perfanneaof assets, asset management or asset
management system. It looks at acquiring the nacgsempetence, evaluating action taken,
reviewing current and future needs and documemundence of this.[IIMM; 2014]

ISO 55001 wants to make clear that delivering gsemanagement objectives requires
integration and cooperation of able and competeaple within and without the organization
who understand all what needs to be done and vogether effectively to achieve them.
[Sondalini; 2014].

This requirement needs three actions [IIMM; 2014]:

» Determine competency requirements

* Ensure competency and take actions if required

* Document evidence and periodically review
To achieve this task, the ETMU should establisiRariftanagement process.
Through this process the ETMU will:

a) Determine the necessary competence for personrfelpéng asset management
activities. The knowledge areas are
- Academic level
- Physical fitness
- Knowledge about assets
- Knowledge about asset maintenance activities
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- Knowledge about safety standards

- Experience

- Team management

- so forth

The required competencies depends of the roletamitl be convenient to declare
those requirements in the Job description sheet

b) ldentify the current competencies and giving proofs
In fact, the recruitment process within STEG, gotgas a level of competencies.
New recruits have a basic competency, and a pegpiation process. However the
ongoing competencies building process is not cdattoThe following up tool is
available (every employee has its personal filere/liés professional career is
tracked) and ETMU should enhance this task. Théepsmonal file will be the
documented proof of competencies and at the ettteadissessment phase the ETMU
will define the competencies at its disposition.

c) With “Gap Analysis”, ETMU will define its trainingnd/or competencies needs. The
needs will be expressed in the Asset managememtimaugh the training plan.

d) Evaluate the effectiveness of the actions takerthbyexecution of a yearly
individual interview where every level of the hieray auditions his subordinates

e) Ensure that its personnel are aware of the relevand importance of their activities
and how they contribute to the achievement of theity objectives, and

f) Maintain appropriate records of education, trainsiglls and experience
Looking for improvement, three actions could bestak

* To recruit: In case of ETMU, the unit expressespyniis needs but cannot monitor,
neither control the rest of recruitment process.

* To subcontract the competence, and this is theafas@mme high level of
maintenance that needs a high level of expertisegiglly, the manufacturer is
solicited)

» To invest in training, this should increases thewedge capital of the ETMU and
creates new opportunities to the whole corporation.

In term of new recruits integration and internairing:
» A systematic integration plan should be established

* Alist of information that new worker should receignd assimilates should be
established and an assessment test should bealdoeument and evaluate new
recruits progression

« A companionship proceSscould be established

27 . . . . . .
A companionship process: to choose a companion or a mentor who supervises and assist the new recruits
during his integration process.
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A list of documents and records has to be estalisth competencies such as:
» Competencies reference (list)
* Recruitments needs' : formulated in the annual budgcument
* Training plan
* Individual Training request
» Assessment file of training efficiency
* Post description

As any other process, competencies managementsgrizcan ongoing process. Changes in
ETMU’s workforces and competencies is always hapeand it induce many iterations in
the formulation of the asset management plan amdifro@tions and updating during its
execution. (See Annex chapter XI)

5.4.4. Awareness

Clause 7.2deals with ensuring awareness by all who can itjb@casset management
objectives. There are a number of criteria spetifidich address specific awareness of issues
like the asset management policy, work activitresuding associated risks and how these
benefit effectiveness, and performance and impdinatof not meeting the asset management
system requirements.[IIMM; 2014]

To reach awareness within the ETMU, employees gdilgeshould be aware of the ETMU'’s
asset management policy and particularly how eaetgr could impact the asset management
objectives delivery and the induced consequences.

The fact of displaying the asset management palnd/showing the top management
commitment contributes to spread awareness amengthmbent actors. Meetings,
debriefings, so forth are useful tools.

This study is a way to spread awareness among &magement of the necessity of the
implementation of asset management system.

5.4.5.Communication

Clause7.4 deals with internal and external communicatiomsuvant to assets, asset
management and the asset management systemutlesdahe what, when, who and how of
communication. [IIMM; 2014]

There needs to be a strategy with plans and conuation vehicles to get the right
information to the right people, inside and outdite organization, at the right time. 1ISO
55000 guide recommends the use Gfcanmunication Plan.[Sondalini; 2014]

What will be communicated?: Information about individual assets, your assets
management, and the asset management system.

In the ETMU, the main information is about the assmdition. According the asset
condition a multi directional communication flowswd be sparked.
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In the ETMU's context, almost related to the asgetmation, the asset management
information are also important considering thaetsare also exploited and managed by
others actors. So it's obvious to communicate thesistence of activities on those assets.
The assets management system targets to satikghstders’ requirements.

Communication of asset management policy, straé@glyobjectives are necessary. Moreover
the communication should be in the two directions.

When communicate information?: The ETMU is situated at the operational leval an
permanently in connection with assets. On the dihed the grid manager doesn’t have a
physical connection with assets. This inducestti®masset condition dictates the
communication frequency. A permanent communicalimn is established between the
ETMU and the internal and external stakeholdersitisdactivated according to the
emergency level.

In addition, ETMU should also communicate whilesiestablishing or updating its asset
management policy, strategy or objectives.

Who will communicate?: The communication flows are already establishigdin ETMU.
Daily communication about asset condition and gpdration should be done through the
“Office Guard- “Bureau de garde”; Weekly communigatabout maintenance activity
should be done through the coordination office ‘#uwr de methods” and all other
communication through the Unite manager.

The stakeholders register gives an exhaustiveflisbmmunication partners.

How communicate?: The official means of communication at STEG w@r#ten
communications. The communication should be bytag of faxes, Memos and reports.
However for the daily communication the use of @@hmunication transcribed into written
document is admitted. Emails are also used for smmmenunication flows. The CMMS is
also a communication means. Documented asset nraeageolicy, strategy and objectives
are also means of communication inside and outsiddU.

This previous phase was about determining commtioiceequirements. As consequence a
Communication Plan could be developed. This plaridccoomprise according to ISO 55002,
clause7.4.3

* The benefits generated by the implementation &civity, project, program, or a
change or an increase in assets, and how thesevements are expected to
collectively or individually impact the parties k&dnolders and the organization;

* A schedule of improvement, including key milestqrE=ople involved, and for how
long;

* Any specific communications resources, includiregeshents of expectations of the
asset management system;

* "who", "why", "when" and "what" of the informatigorovided, including how the
organization is to achieve its objectives, the ngenaent of assets contributed;

* Where appropriate, what external and internal kedgé is necessary for
stakeholders to make informed decisions or contiohs, or for feedback?
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* The most appropriate person representative to gospecific information;
* The format to use for communications;
» The processes of feedback and reporting.

Finally, to satisfy the requirement dbuse 7.1of ISO 55001, ETMU should edit its
Communication Plan. This plan is based on existedngunication practices. But, the
difference will be in the content. The informatisimall be about assets, asset management and
particularly the asset management system.

5.4.6.Information requirements

Clause 7.5deals with the information requirements acrosglalnents of asset
management. There are a number of criteria spdaiflech address risks, asset management
roles, responsibilities, processes, activitiesiafmmation exchange and impacts on decision
making.[lIMM; 2014]

All information requirements related to the relevassets, asset management, the asset
management system and the achievement of the aegmmal objectives are to be identified
and addressed [Sondalini; 2014]

Within the ETMU, information is managed by the CMM®:tually, while establishing the
software, the ETMUs have fixed their needs of infation. The process was mainly asset
centric. The data base of the CMMS keeps all tezhimformation about assets and related
maintenance activities. The CMMS is supposed hawialjiple interfaces according to
management level and users requirements.

However many actors do not dispose of access. Exeg, the gathered data could not
satisfy their needs.

The 1ISO 55001 wants that information should be iciEmed regarding risks, roles,
processes, stakeholders, and the content and wfotttle information for decision making.

The communication management process determinechaomations channels inside and
outside the ETMUs. Furthermore, it has to shapenfoemation requirements.

Practically, it is a tough mission to fix informati requirement at the planning stage. The
determination of information requirements includattyibutes and quality needed to support
asset management system should be an iterativersming activity.

Clause 7.5requires the Implementation of a data maintaipragesses and the
establishment of appropriate data repositories.

The establishment of the CMMS and all sub conseoaivities satisfy these requirements.
However, there is a lack of procedures that dedls Wow and when collect asset data.

5.4.7.Documented information

Documented information is defined in ISO 55000 iagprmation required to be controlled
and maintained by an organization and the mediunvioah it is contained.

66



Clause 7.6.1deals with documented information as part of geeamanagement system
which includes that required by the Internation@n®ard, that applicable for legal and
regulatory requirements and that deemed necessamcfause 7.51IMM; 2014]

Through this chapter the required documents are:
* The Strategic Asset Management Plan
* The Asset Management Plan

For legal and regulatory requirement there is atglef document, particularly for safety
reasons that are required such as

* Empowerment document
*  Work permit
» Soforth

For asset management system, the documentatiogaied during the establishment of the
system such as:

» Stakeholders register
* Asset register

* Risk register

* Communication plan
» Soforth

For maintenance management, within the ETMU, Theeanany required documents that
should be present or created.

[Guillaume; 2009] enumerates:
» The technical documentation related to equipments;
* The maintenance plan;
* The historical log of maintenance.

Also in relation to that, [N Kolibas, 1998] quotiasit the required documents for the
implementation of a maintenance management sysietrahsmission assets are:

* The maintenance policy manual (integrated in treesgic asset management plan),

« The Maintenance Services Manfia(a missing but necessary document for any
ETMU)

8 According to [N Kolibas, 1998], the Maintenance Services Manual defines maintenance servicing work
specifications, which are detailed, hands-on, step-by-step servicing instructions used by crews performing
maintenance. These instructions originate from the manufacturers maintenance servicing manuals and
instructions, and are supplemented by extensive in-house experience in maintenance and exchange of
information with other utilities and service providers through the industry bodies and forums
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» The Generic Contingency Plans,

[N Kolibas, 1998] also emphasizes on the importaiaeporting activity. He enumerate
such reports that could be useful for ETMU such

» Asset Corrective Maintenance Work Report;

» Asset Failures Report;

* Asset Failures Summary Report;

» Asset Population/Attrition/Performance Summary Repo

Clause 7.6.2eals with creating and updating documented inébion. The need for a
structured and consistent way to develop, appradenaaintain documents

Clause 7.6.3eals with the control of documented informatiequired by the asset
management system and by the International Stantbeethsure it is adequately protected
and available for use. There are a number of @ispecified which address amongst other
things, access, retrieval, storage and preservadelevant external documented information
shall also be appropriately identified and con&ll

To satisfy the two requirements, ETMU could usepgtecesses and procedure used in other
units certified 1ISO 9001:2008.

5.5.Operation processes
5.5.1.0perational planning and control

Clause 8.1deals with the processes needed to implementdn@ipg actions in addition to
the corrective and preventive actions determinedansel0.1and10.2[IIMM;2014]

Actions selected during your asset, asset manageamhthe asset management system
planning should be executed. All processes, fragr tieginning to the end, have to be put
into use and ought to operate as intended. Theadelbgy to use for this clause is Process
Mapping. [Sondalini; 2014]

While mapping the asset management processes, THM& Eould identify risks in

processes, use appropriate risk controls, speetyrds of evidence from the process, and the
performance measurements. The use of the 5M Igldkawa diagrams) will allow the
modelling, monitoring, and auditing of the processe
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The Figure 5.5 shows the process mapping of tlabkstted management system. The
suggested processes are:

« Processes for the management of an organiZation
0 SAMP review
o Update and re edit of asset management plan
« Processes for managing resourtes.
o Competence management
0 Ressources management
o Information management
o Communication management
 Realization process¥s
0 Maintenance process
« Measurement, analysis and improvement proc&sses
o Performances evaluation
o Risk analysis
0 Improvements

The suggested solution is just a draft of the geeeapping and asset management
processes Chapter XI). While establishing the assetagement system, many changes could
happen.

% Processes for the management of an organization: These include processes relating to strategic planning,
establishing policies, setting objectives, communication, ensuring availability of resources for the other
organization’s quality objectives and desired outcomes and for management reviews.

30 . . .
Processes for managing resources: These include all the processes that are necessary to provide the
resources needed for the organization’s quality objectives and desired outcomes

*! Realization processes: These include all processes that provide the desired outcomes of the organization

32 Measurement, analysis and improvement processes: These include the processes needed to measure and
gather data for performance analysis and improvement of effectiveness and efficiency. They include
measuring, monitoring, auditing, performance analysis and improvement processes (e.g. for corrective and
preventive actions). Measurement processes are often documented as an integral part of the management,
resource and realization processes; whereas analysis and improvement processes are treated frequently as
autonomous processes that interact with other processes, receive inputs from measurement results, and send
outputs for the improvement of those processes
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5.6.Evaluation processes

Monitoring and evaluating the performance of assstset management and the asset
management system against their respective obgscisvnecessary to ensure the desired
outcomes are being achieved effectively. This mlediconfirmation of satisfactory or
unsatisfactory performance, along with highlightogportunities for improvement.
[Sondalini; 2014]

5.6.1.Monitoring, Measurement, Analysis and Evaluation

Clause 9.1deals with what and when to monitor, and measudereport on performance
(including financial and non-financial performaneey the effectiveness of the asset
management system. [IIMM; 2014]

The information collected by monitoring, measuretmanalysis and evaluation is for the
purpose of improving the effectiveness of the psses used in the organisation and
ultimately to improve the organization’s performarat meeting its owner’s and stakeholder
needs. [Sondalini; 2014]

To monitor it is necessary to adopt measures sadbnmance indicators.

5.6.1.1. Asset performance monitoring Indicators

The main activity of ETMU is to monitor and maimtassets. As consequence it is
important to pick the performance of assets andtasanagement.

According to [Guillaume; 2009], key performanceigadors should:
» Despite the complexity of the management systept, &e simple as possible;
* Be always related back to the organization objestiv
* Be easily associated to and influenced by an ajrdafined activities;
» Be easily measurable or constituted by a set dalyeagasurable values;
* Be comparable over time and capable to show a teyce
[Simons; 2010] adds some other characteristics asch
* Be quantifiable, Both Objective and Subjective datsst always be quantified
* Dbe reviewed or subject to continuous improvement
* be communicated in an appropriate manner to alissecof the workforce

Considering the main activity of ETMU that is ma&nance. The performance indicators
should be adapted to this activity.

The commonly used maintenance performance inde#ocording to [Weber & Thomas;
2005], fall into two categories:

* Leading indicators: Keys performance closely relatethe maintenance
process/efforts. They are process assurance measuiehey try to answer to the
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guestion: "how do | know that this maintenance psscelement is being performed
well?"

» Lagging indicators: Keys performance related talteseasures, they monitor the
outputs that have been achieved

Key maintenance performance indicators (KPI)

Maintenance process/ Effort indicators Maintenance results indicators
(Leading indicators) (Lagging indicators)

Work planning & Work exacution Equipment Miantenance cost Safety and
scheduling effectiveness effectiveness enviroment
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Figure 5.6: Key maintenance performance indicatarthe literature [Kumar & al 2013]
EN 15341: 2007 stipulates that KMPI could be strtend into three groups:
» Economics
» Technical
* Organisational
The same standard gives three levels enterprise:
* The company level
* System level

* Equipment level
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KPI Heirarchy

Board Level
Business Indicators

Senior Management
Business & Financial Indicators

Departmental Management
Efficiency & Effectiveness Indicators

Supervisors
Operational & Quality Indicators

Figure 57: KPI hierarchy according to [Simons; 201

KMPI should be gathered scorecards. Even more, the scorecatasild be customize
according to different maintenance requirementd,atording to the management le\

While dealing wih transmission busine{Bodrogie & al; 2004] stipulates that TSOs, a:
managers and service provider, such the ETMU,aaidrig for tools to assist them with t
assessment of their performance and to permit tbeaaep as near to their regulatond
customer requirements. The overall aim is to dfferlowest possible cost grid wi
acceptable technical performar

According to the same CIGRE’s study, the maintead{®el proposed includes As:
availability, Asset reliability, Outage maintenay Maintenance budget achieved , Safi
Statutory compliance, Industry rule compliance v&er Quality indicator:

[Bodrogie & al; 2004] proposed the below KPlIs ie ttase of the transmission busii

* Availability indicators

o Energy not supplied (EN*
o Average Interruption Time (AI*

* Reliability Indicators

0 System Average Interruption Frequency Index (SA35

o Customer Average Interruption Frequency Index (Qy**.

** ENS: Summation of energy not supplied (interrupted power X duration) due to interruption excluding
network losses (MWh/yr)

> AIT : measures the total number of minutes that power supply is interrupted during the year.
(AIT = 8760*60*ENS/AD in min/year, where AD = annual demand (MWh/yr).

% SAIFI:This indicator, recommended by the IEEE, measures the average number of interruptions experienced
by each customer. All planned and unplanned interruptions are used in calculating the index.

3®CAIFI: This indicator, also recommended by the IEEE, measures the yearly average number of interruptions
per affected customer. An affected customer is one who experiences at least one interruption during the year.
CAIFl is used far less than SAIFI.
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o O O

o

o

o

Mean time between failures (MTBF)

Mean time to repair (MTTR)

Outages/100 circuit km

Number of successful restoration operations
Number of malfunctions of protection
Number of failures/yr classified by cause.
Risk Situation Index (RSTj

* Service Quality Indicators

o

o

(0]

o

o

System Average Interruption Duration Index (SAI)
Customer Average Interruption Duration Index (CAI
Customer Satisfaction Index (CSl), determined tghomquiries;
Average Incident Duration (AID);

System Average Restoration Index (SARI).

According to [Bodrogie & al; 2004], maintenancettds used, as basic data to make
comparisons, for instance, per voltage level, pemm@ng unit, per maintenance location etc.
Also, it appears more common to use the trend after@ance costs to follow performance
rather than as a ratio to total expenditure.

The recommended KPI for maintenance cost are:

Overhead Lines:

» Cost of maintenance of OHL/route length (km)
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RSI : is an index based on the calculated consequences of all possible ‘n-1’ situations e.g. overloaded line or

transformer, voltage out of limits or high level of Mvar flow, probability of each ‘n-1’ situation. This index of risk

increases with planned outages of grid elements. Because this indicator gives a continuous evaluation of

system risk, it is considered valuable for system operation.

*® SAIDI : This indicator, recommended by the IEEE, expresses the duration of outages customers experience

during the year on average. All planned and unplanned interruptions are used to calculate the index. It is

defined as the total hours of power interruptions normalized per customer served.

3% CAIDI: This indicator, also recommended by the IEEE, measures the yearly average duration of interruptions

normalized per affected customer. An affected customer is one who experiences at least one interruption

during the year.

% A common definition of what main maintenance cost covers should include (and be limited to) the following

items: basic enabling measures; recurring maintenance; corrective maintenance; operational replacement

costs; environmental issues and obligations; and refurbishment. Capital replacement costs, financial and

operational impact costs (like imposed energy production and penalties) should not be included.
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Substations

These costs should include all costs within thestilon fence (i.e. HV, auxiliary, site,
protection), subdivided as follows:

Primary Equipment:
Cost of maintenance of substation HV equipmentd. @ CBs + p *No. of
transformers), where it is suggested that p = 2.

Protection:
Cost of maintenance of protection equipment/ @B + No. of transformers).

In small organization, such KOSTT the TSO in Kosahey adopt “Internal Technical
Performance”. Those indicators monitor the operatidevel such as: [KOSTT; 2007]

Line/ Cable Failure rate per 100 circuit km

Average repair time of Line/Cable failures

Average Outage time due to Line/Cable maintenance
Transformer Failure rate per 100 Transformers
Average repair time of Transformer failures

Average Outage time due to Transformer maintenance
Switchgear Failure rate per 100 bays

Average repair time of Switchgear failures

Average Outage time due to Switchgear maintenance
Control/Protection Failure rate per 100 bays

Average repair time of Control/Protection failures

Average Outage time due to Control/Protection nesiance

Those indicators are more suitable to the ETMU exmtActually the indicators mentioned
in the CIGRE study of [Bodrogie & al; 2004] givegaod idea about the key performance for
measuring the service level.

However, for the operational level, the ETMU nesdse customized indicators like those
used by KOSTT.

Currently, KPI used within ETMU are addressed fornmanagement and aim to assess the
service level. The indicators assessing the indadiggerformance of assets and asset
management are missing.

The ETMU also use Coswin 8 as CMMS, it proposesesst@ading indicators that could help
for monitoring the ongoing performance of maintereactivities and the percentage of
achieving the maintenance plan.
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Those indicatorsould be considered leading indicators. However, they don’t reegive a
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TABLEAU DE BORD MAINTENANCE OUVRAGE

OT curatif en cours MO - 3 OT préventif en retards MO - 117 QT curatif non entamés MO : 0 Réclamation ron raitées autre uniés - 28
OT curatif en cours Ligne - 2 OT préventif en retards Ligne : 17 OT curatif non entamés Ligne : 0 Réclamation non traitées Base - 5
OT curatif en cours Poste - 1 OT préventif en retards Poste : 100 OT curatif non entamés Poste : 0

Figure £.8: The ETMU's scoreboard

sufficient view about the charring cof the maintenance process.

Safety indicators have to be also .. STEG uses some genesafety indicatorthat could

be simplified to two or three simple and clear aadors sucl

In the same way there are some environmental itadicsha may be monitored such as 1

Number of mortal Accide

Number of non mortal accide

Number ofunannouncesafety visit

Number of accident with and electrical r

Number of non conformities to safety prescrip

Safety training indicato

So forth

SF6 leakages rate...

Risk indicators should basoset up. The risk register identifies the major posa risks
that should be monitored @maccordingly to establish measurement indic. for gauging the

remaining risk level

Recently, a security activityas created and performance indicators could ladlesttec

As a first stepthe actual asset managemsystem willuse the already establisi
indicators. As a second step, a review of indicagmcording tdifferentstakeholder

requiremerd and process nes.
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5.6.1.2. Assets performances monitoring means

The main way to monitor and measures is the CMMf&. Mmaintenance process within
ETMU could be modelled as below

Create or update the
p Follow up and

analyze the work

[—' techmical file of the
equipment

Approval of new-
installed equipments

AN

i

Preventiv
maintenance

Take part in the
design of new
equipments {$et up
of the tender

Update the
maintenance plan,
supply plan,

Carrective

maintenance
N

Prepare and plan the
work

:

the work

Execute and approve

specification)

Figure 5.9: Maintenance process within ETMU
The red underlined sub processes are:
* Work planning
* Work execution
*  Work follow up

Those sub processes are totally monitored witlCk®é1S software. And the data base is
fully enough for monitoring asset activities.

However, for asset condition and performance irtdisathe reports of other units are the
main measurement mean. In the communication pETMU should express its
information requirement from other units.

5.6.1.3. Asset performance monitoring frequency

Within the ETMU, there are different Asset perfomoa monitoring and so that different
monitoring frequency.

The CMMS allows an almost constant monitoring. & enoment the ETMU could
measure the progress of achieving the maintendaoe p

For measuring the asset performances, generallg TMU use the reports of grid operators
or other service providers. The frequency will bentily or even yearly.

5.6.1.4. Asset performance analysis and reporting

[Guillaume; 2009] quotes that “analysis of datadtually an analysis of the feedback of
the maintenance experience the finality is to:

* Give an overall assessment of the management system
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* Give an overall assessment of equipment performance
» Facilitate analysis of problem causes

» Assist in determining corrective and preventivears

* Facilitate continuous improvement

Data analysis is a continual activity. Of coursis i&n input for management review (reactive
monitoring) but it's also performed periodicallycaused as proactive monitoring tool. It's
recorded in the different reports produced by thi¢ and it's closely related to improvement
processes.

[N Kolibas, 1998] quotes that continuous monitorireyiew and analysis of assets
performance reports expose assets with deterigrataintenance and system performance.

He suggested some reports model that could beingbd ETMU’s context:

Asset Corrective Maintenance Work Report:Review of this report is used to decide if
asset maintenance regime or servicing instructemda to be investigated to obtain more
information about its performance or condition;

Asset Failures Report:The review of report information will enable to dehine if a
further analysis of asset failures for asset typpsesented in these failures is warranted,;

Asset Failures Summary ReportThis report is used to highlight on a regular basiset
types that have fared prominently throughout tteal years in service with regard to their
failures when analysing the failures number, type percentage to their total population;

Asset Population/Attrition/Performance Summary Repat: This report is used to
highlight asset types that have fared prominemtfgughout their total service years with
regard to their terminal failures (i.e. plant hade removed after the failure and discarded).

Those reports will be the outputs of the perforneagnaluation process.

5.6.2.Internal audit

Clause 9.2deals with conducting internal audits to test oomance, implementation and
maintenance of the asset management system.[IIMM]20

The organization shall conduct internal auditslahped intervals to determine whether the
maintenance management system is:

o Conforms to the planned arrangements,
o Is effectively implemented and maintained.

The internal audit is supposed aiding ETMU to reé&slobjectives. It's a necessary and
effective tool that helps to verify the good esigtinhent of the asset management system. It
validates system implantation compliance and thatlli allow objectives achievements.

The progress of the audit is generally spread thwee phases.
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Preparation phas® Realization phas® Exploitation phase
The ETMU shall after the implementation of the syst

Establish an audit plan that delimits criteria andpe for each audit; selects auditors and
audits to ensure the objectivity and impartialifyttee audit process (the assistance of the
audit department at STEG could be very useful)ciiless the reporting process of audit
results to the concerned management level.

Obviously the audit process should detain docungeinfermation as evidence of the
implementation of the program Audit and audit resul

The internal audit process is already used in aihés certified ISO9001. As a first step
ETMU could copy this audit process and to graifttid its context..

5.6.3.Management review

Clause9.3 deals with top management reviewing the orgaran&iasset management
system to ensure its continuing effectiveness.[IINAA14]

According to PAS55 (paragraph 4.7), Top managersieat review at intervals that it
determines appropriate the organization’s asseag&nent system to ensure its continuing
suitability, adequacy and effectiveness.

According to [Fry; Crawford Linda; 2008], a managerreview is a formal meeting of key
members of senior management. The purpose is i@wvekie status and effectiveness of the
management system. This meeting provides a vemuadnagement to evaluate and analyze
practices for the purpose of improvement. Duririg theeting, a comprehensive look-back at
the organization’s management system takes pldgs.ifcludes a review of documented
policies and a review of records.

Following the meeting, a list of action plans fomprovement should be produced.
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Reviews shall include assessing the need for clsalogihe asset management system,
including asset management policy, asset managestrategy and asset management
objectives.

Review input Review output

* Results of internal audits and evaluation Decisions and actions for possible changes to:
of cqmpllance W';h a}p;]pllcr?ble Ieggl * Asset management policy, strategy and
requirements and with other requirements objectives:

to which the organization subscribes;
* Asset management performance

¢ The results of communication, requirements

participation and consultation with
employees and other stakeholders; * Resources;

« Relevant communication(s) from external  Other elements of the "asset
stakeholders, including complaints; management system

* Records or reports on the asset
management performance of the
organization;

« The extent to which objectives have been
met;

» Performance in addressing incident
investigations, corrective action and
preventive actions;

* Follow-up actions from previous
management review

« Changing circumstances, including
development in legal and other
requirements related to asset management
and changes in technology.

Table 4.1: Inputs and outputs of management reaewrding to PAS55:2008
Records from management reviews shall be maintained
Records of management reviews shall be retainednémunation relevant to specific

employees, contracted service providers or otlawesiblders made available for
communication purposes.

Same case as Internal audiguse 9.3ould be satisfied by importing practices fromesth
units that are certified ISO 9001 within STEG.

The adoption of practices, processes and procediirge the first phase. Once the system
is running changes, rectifications are always fbssin fact they can be considered as
improvements.
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5.7.Improvement Processes

It is expected that the design and use of the asgegement system is improved. When
there are problems they become opportunities to ihat more can be done to enhance the
system. The best organisations are proactive atifgiag potential risks and eliminating
them and/or putting in place contingencies to matigopportunities to occur or that minimize
the effects. [Sondalini; 2014]

After performing the audit process, monitoring anelasuring performances of management
system and the equipments condition; analysing esaeached the improvement’s stage

Independently of the activity sector, any managdragstem has as end target to continually
improve the organization's policies, procedures@odesses.

And why not to move from improvement to the innawat Actually, the effectiveness of the
management system is reached when we carry oubuwaprent action, it increases while
applying the continual improvement process.

5.7.1.Non conformity and corrective action

Clause 10.1deals with the organization reacting to any nof@onity or incident and
taking action to control and correct it. [IIMM; 20]L

The organization shall establish, implement anchta@ process (es) and/ or procedure (S)
for handling and investigation of failures, incit&®and non conformitiéSassociated to
assets, assets system and the asset management. 846 2008]

These process (es) and/or procedure (s) shallededsponsibility and authority for:

» Taking action to mitigate consequences arising feofalure, incident or
nonconformity;

* Investigating failures, incidents and nonconforestio determine their root
causes(s);

« Taking corrective actioff$and evaluating its effectiveness

» Evaluating the need for preventive action(s) toiévailures, incident and
nonconformities occurring;

* Introduce necessary change in the asset managsgst@in via the change process

« Communicating, as appropriate to relevant stakefis]dhe result of investigation
and identified corrective action(s) and/or prevemgction(s).

As well as any other process, documented informagiwmuld be conserved. It shall
comprise description about non conformity or inaij@eindertaken action and the result of

41 . . . . . .. . .
Nonconformity is a non fulfilment of a requirement. In maintenance management we distinguish functional
requirement and process requirement.

42 . . . . e
Corrective actions are actions taken to address the root cause(s) of identified non-conformances, or
incidents, in order to prevent, or reduce the likelihood of recurrence.
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corrective action. A corrective action form coulel éstablished. This form is already used in
ISO9001 certified units.

Same, the non-conformance Management process akgads in quality management;
ETMU could also import and adapt this processs@ddset management system.

5.7.2.Preventive action
Clause 10.2eals with the processes to proactively identdggible preventive action

‘Preventive actions, which may include predictagtions, are those taken to address the
root cause(s) of potential failures or incidenssagroactive measure, before such incidents
occur. The organization should establish, implenagadt maintain process (es) for initiating
preventive or predictive action(s).’ [ISO55002; 201

Closely related to corrective action, PAS 55:200fkasizes on the implementation and
maintaining of process (es) and/or procedure(sinftrgating:

» Corrective actions (s) for eliminating the causkslserved poor performance and
nonconformities identified from investigations, Bations of compliance and audits
to avoid their recurrence;

* Preventive action (s) for eliminating the potentalises of nonconformities or poor
performance.

Furthermore, PAS55:2008 draws attention to thgs)skncountered, Actually any
corrective or preventive actions taken and theairtgs shall be commensurate with the risk
encountered.

The process of implementation of improvement actiemprises
* The measurement
» The identification of the (potential) problem
* Analysis
» Selection of the action
* Risk assessment
* Follow up (monitoring)
* Recording

To conclude; complying witblause10.2and10.1linduce the establishment of Conformity
management process, or simply called improvemertgss that takes action for improving
the asset management system. The ETMU could adapnprovement process used in the
quality management system. However, ETMU shalbuhtice in this process the risk
awareness.
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5.7.3.Continual improvement

Clause 10.3deals with continually improving the organizatis@sset management and asset
management system.

Continual improvement is not dependent of correctivpreventive actions and doesn’t aim
to change corporate organization or review its @bjes. It's simply a process that seeks for
new technologies, tools, methods that can aid azgtan to deliver its objectives.

It is an imperative that asset management systehit@anperation be continually improved
through identifying opportunities to make it simpleeduce its cost, do things faster, and
delivers top quality results so as to become mfiesteve and efficient. By actively making
the organization’s assets, asset management, aetdragnagement system perform better all
stakeholders benefit.

To comply withclausel0.3 ISO 55002 provides a clear methodology that dediv
continual improvement through its use in the orgaton. The suggested approach includes
the following steps:

* ldentification of needs and potential for improverme

» Evaluation of options;

» Estimation and determination of financial and noaificial consequences;
» Aspects of risk assessment and management changes;

* Links with decision criteria;

» selection and implementation;

* Monitoring and review of the results.

5.8.Implementation plan for an asset management system

The desired output of this study is an implemeataglan for an asset management system
within the ETMU according to 1ISO 55001:2014 requoisats.

The 1ISO 55001 approach is mainly based on the &bacheck-Act cycle to drive
continuous improvement. The asset management syatght to address six aspects of the
organization:

* The internal and external environment,
* Planning processes,

e Support processes,

* Operational processes,

» Performance evaluation processes,

» Ongoing improvement processes.
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Those aspects are covered by the following maiasels of the ISO55001 standard:
* 4: Context of the organisation
* 5: Leadership
* 6: Planning
e 7: Support
* 8: Operation
* 9: Performance evaluation
e 10: Improvement

As a result, a modelling of the Asset managemestesy could be presented as below:

General
1. Scope
2. Normative References
3. Terms and Definitions

5. Leadership
8. Operation
[ 4, Context of the Organization | 2

9. Performance Evaluation

99

I 10, Improvemant I

Figure 5.10: Framework of the ISO 55001 ManagenSystem Standard using the PDCA

The first phase is concerned by all the plannimgpets. It starts from the comprehension of
the internal and external context of the ETMU. Fhategic study has focused on the electric
transmission field at STEG and led to a SWOT amalys

Adaptation to the ETMU's case was necessary ansegoently a little adjustment was done
by:
» Determining the ETMU’s stakeholders and their regmients
* Delimiting the asset portfolio managed by the ETMU

» Determining the allocated responsibilities for etgdm within the unit
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Two assumptions were considered:
* The ETMU executes only maintenance activities angmission assets
» The activities that has important impact on assetsnot outsourced

Once the Asset management scope is delimited asdgoan the strategic study, the ETMU
could edit its:

» Asset management policy
* Asset management strategy
» Asset management objectives

All previous activities and their outputs shalldmited and mentioned within the Strategic
Asset Management Plan (SAMP). The SAMP is a reqerdg of ISO 55001:2014.

The second phase tries to transform the SAMP fuigcplans. The organization shall
establish an Asset management plan (s). This iseébend document requirement.

The asset management plan comprises and plan®basivities that aim to fulfil the
SAMP.

However, before planning those activities, Assehag@gment emphasizes on establishing a
risk evaluation process. This process tries totiflgerevaluate, record and plan actions against
risks coming from assets and assets management.

A process that was done by a workgroup within SEH&G that its output fit with ETMU.
A little adjustment was necessary. The executedkwas activities focused and an asset
failure risk assessment was added.

The output of this work is the Assets risk register

The Asset risk monitoring and management is an ioggarocess and a requirement of ISO
55001, The ETMU shall establish a risk process duringladses of the PDCA cycle.

The edition of the Asset management plan shoulahb&erative process interacting with
risk process and also resources process and cfecthe improvement process.

The ETMU plan should comprise
» Justification of the asset management activities
* Maintenance plan
* Resources and capital investment plan

The maintenance plan does not exist in the ETM dllkeady existed plan in the CMMS
data base is not optimized and not risk assessed.

* Clause 6.2.2
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The resources and capital investment plan already, éowever there is no time
scheduling, no effective cost estimation... sohfot process of establishing and updating the
asset management plan should be created and domgnen

The Asset management plan could be sustained byn@smanagement process,
communication management process, competence nrapagprocess, information
management process. All those processes shoulstdddished and documented in the
ETMU.

Business process establishment, description, douati@en and mapping is missing within
the ETMU and it is compulsory for the operation gand the monitoring phase.

Data and information management is also a greatecarof the asset management system.
A review of asset required information, asset d@otiy required information and asset
management system required information should be.d6TMU does not have an clear
scoreboard that fit to its requirements and thet tccount of the stakeholders needs.

Key performance indicators are really necessarg$set management performance
evaluation and impact risk assessment and improneprecesses. Information management
is a main pillar is asset management and a kegdduring the decision making process.

Obviously the ETMU shall also establish internaliaprocess; a management review
process, and improvement processes. The main ramidr&t the enumerated processes are
common to many management systems and partictita@yiality management.

Considering that many other units are 1ISO 900lifet ETMU could import and adjust
those process and related procedures and pratdidsscontext.

The Annex is a draft of an implementation plan tt@ild be presented to top management
in order to argue the feasibility of the establigminof the asset management system and
preparing the certification. Actually, according|Botha; 2014], “Very soon insurers,
regulators, clients and shareholders will starhttke 1ISO 55000 certification a prerequisite
for doing business, much like what happened to 3800 or ISO 14000.”
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Conclusion

The Tunisian Company of electricity and gas (STEGhe dominant actor of the Tunisian
market and the historical supplier of electrictyTiunisia. STEG is a vertically integrated
company and, until now, it is a monopoly in thengaission field. However, upheaval
changes in STEG’s context, such in government polagulation, technologies, in
economy... so forth; lead to review the organizatitrategy.

In this paper, we are particularly interested ®tilansmission strategic business unit. A
conventional strategic study demonstrated thatngash generic Porter's strategies, the best
solution is adopting a cost focus strategy. Howeaeéone-size-fits-all' approach is definitely
out of the question. A broader investigation arkint;.account of electricity transmission
field specificities. Actually electricity transmisg is an asset-intensive business with a wide
assets geographic spread. The use of grid techmanethe international interconnections
with neighbouring countries increase risk leveld aonstraints. As a result the cost focus
strategy should make the trade off with requirementechnical performances.

The strategy shall seek for the optimization ofenditure, productivity and performance of
assets to achieve core business objectives.

The second concern is about finding the best tofideetween the top-down aspiration and
bottom-up daily issues. How to find the line offgipetween all management levels? How an
operational unit, as ETMU, could execute its déalgks and complying with STEG’s
strategic guidelines.

At this stage, Asset management appears as theddagon, and the establishment of such
management system as a strategic decision. Theraaeagement is widely used in English-
speaking countries, such the UK, USA, Canada, Alistfrand New Zealand and It is
commonly used within eclectic utilities.

Asset management has appeared in Australia ind8@'4. It was formalized by the British
Standard Institute in 2004 with PAS 55:2004 andenged with PAS 55:2008. However,
asset management could be considered as a breadtthrobusiness management yet. Even
more, it was recently adopted and released in 20@ér the label ISO 55000 series.

Dealing with the whole life cycle of assets andtlated activities, establishing such
system seems to be a huge task. The ETMUs dealsijhsmaintenance side while the asset
management is more convenient for the overall argéion or at least the transmission
department, and focuses on assets from acquiraméhtliisposal. However, as a big
company, introducing change is generally facedigydars and resistance. For big inertia
corporation, an iterative change process it coeld lgood solution. The first stage will be the
implementation of an asset management system vihRiiE TMU.

The ISO 55001 provides a standardized frameworkii®establishment process. Following
its requirements, new concepts could be introdugéun the unit like the notions of assets,
asset systems and a portfolio of assets. The khkden asset management and the business
strategy is established and communicated througsttiategic planning documents (the asset
management policy, strategy, objectives and pldrtg.concept of risk management is also
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introduced and integrated. The concepts of stakiehslcare, communication, evaluating
performance and analyzing data or information at&ly new. The continual improvement
concern is also expressed with management revied/suadits.

During all the processes, ISO emphasizes on balgragset-related measures between risk
reduction, cost reduction and performance improvenkhis paper tries to show the
feasibility of the implementation within the ETMBuggest an implementation plan that
skims through the needed actions. This plan isgustaft and should be improved through an
iterative process and with the participation of mactors in the ETMU.

Finally, the asset management is not a silver hullg a set of good practices in order to
control the actual situation, to drive improvemetdskeep harmony between all management
levels and obviously the finality is to achieve tweporate objectives.
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