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Abstract: Due to liberalisation of the energy market
the operating cost of power generation and transmis-
sion became a strategic key factor for decision makers.
In order to reduce the cost of operation by acceptable
risk exposure of power system components, the forced
outage hazard should be quantified and kept within
controllable limits. To meet the mentioned needs an
Asset Management System (AMS) is required integ-
rating online condition monitoring, financial policies,
operational and corporate strategies.
This paper provides a systematic approach for hand-
ling of conflicting business objectives as cost and risk.
The presented approach is aiming at the hierarchical,
systematic evaluation of the system function break-
down risk and at taking decisions based on online in-
formation about the current plant condition.
The authors deal with the following questions: How to
form a single indicator, which gives a reliable estima-
tion and good visualisation of changing risk? How to
derive quality information can be used for optimisa-
tion of various cross functional business processes as
budgeting, procurement, risk and quality management.
The paper shows also a conceptual architecture of the
proposed AMS integrating standalone online moni-
toring units of primary electrical equipment’s and a
central diagnostic unit.

1. Introduction
In line with the ongoing liberalisation of the energy
market many power generation and distribution com-
panies have been undergoing business process reengi-
neering (BPR) programmes in the last few years.
Despite the large expenditure on BRP and the estab-
lished modern process-based organisation [1], the cost
of operation can’t be reduced satisfactorily.

  The reason of the discrepancy pointed out above
lies in the insufficient information management bet-
ween core business processes (production, sales,
maintenance, procurement etc.) having direct impact
on each other and on the main financial performance
indicators.

   In order to overcome the mentioned trouble, the
integration of various kind of data of many sources
into system and the automated online conversion of
those to appropriate, comprehensible information are
essential. An AMS is needed, which is able to acquire
the asset relevant data (condition, historical etc.), to
convert them into demand-oriented information and to
direct this to the appropriate process owner(s) [2].

  The paper is structured as follows: the main
components of the assets having significant effect on
the profitability of utilities and a short overview of

requirements for an AMS will be given in section 2. In
section 3 the "bridge" function of AMS between func-
tional units of different nature (technical, financial
etc.) will be explained and the developed model vi-
sualised. Section 4-5 outlines the proposed AMS. The
quantifying of the state-of-system indicators will be
described in section 6. Finally, section 7 concludes
with some summaries.

2. Assets in power industry
The assets that the organisation invests mainly con-
sists of physical, financial and human asset. The ma-
nagement of those should involve their entire lifecycle
in order to make sure the maximal return on invest-
ment. 

  The basic questions, an AMS should be able to
answer persistently, are the followings: 

1. what does the organisation own 
2. where are the assets located
3. who is responsible for them
4. what processes and activities are related

              to each unit of the assets
5. how much are they costing
6. what components of the assets are

              monitored
7. what are the relevant condition 

              measurement data
8. how big is the degree of system function

                              fulfilment at the moment
9. how big is the contribution of an asset unit

              to the system risk increment due to
              its current condition 

10. how far does any expected change on the
              assets effect the planed financial 
              performance indicators (ROA, ROI etc.)

According to the requirements 9-10 above the
AMS takes an enterprise out of a reactive position and
puts them into proactive stance by providing current
and expected information to make solid decisions.

3. The "bridge" function of an AMS
In order to make well-informed decisions on future
operation of physical assets and on capital investment
in general, an equipment-oriented online analysis of
cost development (ex-ante, ex-post) is of crucial
importance. Asset managers would like to know
where money is best spent to achieve the highest
return on investment (ROI). 



There appears to be a large information gap bet-
ween actual condition development of the physical
assets and the budgeting procedure identifying the
annual budget for assets maintenance. The mentioned
deficiency results in significant inaccuracy with regard
to the actual amount of maintenance expenses, which
leads to remarkable loss on ROI due to non-optimal
capital allocation.

The prerequisite of closing the "gap" is the imple-
mentation of comprehensive real-time diagnostic tool
for asset condition assessment and for the online cal-
culation of expected repair cost by means of con-
dition related measurement data delivered by the
respective monitoring units. The figure 1 elucidates
the critical interface in information management to be
bridged through the proposed AMS. In fact, the model
represents an online performance measurement tool.
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Figure 1:  Visualization of the online condition performance
measurement model

4. The complex asset management system
With increasing energy throughput and economic
pressure to save on maintenance costs, electricity net-
work failure has a high chance of being catastrophic.

Power generators, power transmission and distri-
butors can only meet the new market requirements,
when they have a complex AMS providing a high
transparency on the current assets condition and
computing the key indicators of relevant business pro-
cess continually.

The task to be solved has a very high complexity
characterised by a big number of users and by varying
requirements on the manifestation of the information
about the assets (i.e. content and form).

 In order to be able to sink the process cost and to
keep the power supply reliability high, process cycle
time, actual stocking options, repair cost, remaining
life time of system components, the system risk in
dependence of different maintenance scenarios etc.
should be calculated in proactive manner with accep-
table accuracy.

The key indicators of assets

The basic indicators characterising the state of the po-
wer system and underlying the computation of control
and performance indexes are the condition, the risk
contribution of asset units and the risk of breakdown. 

According to the comprehensive, hierarchic app-
roach presented in [3], the equipment condition can be
calculated trough the aggregation of function contribu-
tion (FC) of components supporting its function
fulfilment. The risk exposure of the overall system
function due to the condition deterioration of the
respective equipment can be assessed using the risk
diagram shown in Fig. 2. The linear combination of
current equipment’s condition and the importance
assigned to this unit gives the length of the risk vector.
The diagram shows the mentioned vector, which faci-
litate the system risk assessment [4] and its visu-
alisation in the selected asset portfolio. For more de-
tails on calculation of importance index refer to [3].
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Figure 2:  Assessment of system breakdown risk development
 in terms of equipment condition and its importance in system

5. Hierarchy of condition evaluation
According to substation’s hierarchy pointed out in
Figure 3, the asset is decomposed and classified on 5
levels as follows: substation (ST), group of equipment
(GE), equipment (EQ), parts of equipment (PE) and
elements of part (EP). The interconnection between
them has been described in matrix form, which
indicates the aggregation’s network of function's cont-
ributions in the chosen asset hierarchy:

ST  h   =[GE1, GE2,..., GEg,..., GEk]          (1)
GEg   =[EQg1, EQg2,..., EQgh,..., EQgl]          (2)
EQgh =[PEgh1, PEgh2,..., PEghi,..., PEghm]        (3)
PEghi =[EPghi1, EPghi2,..., EPghij,..., EPghmn]   (4)

where: k, l, m and n are the maximum number of
system components belonging to one node of higher
hierarchic level in the tree structure (see in Fig. 3).
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Figure 3. Comprehensive Asset Management Model in process-oriented business environment supported by multilevel diagnostic
 system and one of its application for online equipment’s condition and system risk assessment

6. Quantifying state-of-system indicators
    using monitoring data
Electrical failure, which are a major cause of forced
outages is recognised as being particularly difficult to
predict with acceptable accuracy. Because the pro-
bability of failure calculated statistically is not reliable
enough for expected repair costs computation, more
precise methods are needed for its estimation. 

A high-level AMS should allow fast comparison of
actual and expected asset performance (in terms of
cost and risk) to confirm correctness of management
decisions or to trigger an alarm, in case, when the risk
profile of the system condition becomes dangerous. 

The major challenge is to apply available techno-
logy at low-cost, which is able to convert electrical
performance data into information in demand-oriented
form.

Provided, that the appropriate combination of  con-
dition data has been collected, the condition deteri-
oration of system components can be derived using
the fuzzy technology (FT) [5]. The example in Fig. 4
demonstrates the FT transforming the oil test data of
transformer into value depreciation of the insulation
oil (D). The expected maintenance budget for oil
treatment (RCjE) can be calculated through probability
of oil “breakdown” (Pghij) and its total repair or rep-
lacement cost (RCjT) according to (5). Since the exact
functional relation between D and Pghij is unknown, it
has been assumed that the direct positive correlation
between D and Pghij describes the mentioned re-
lationship with acceptable accuracy in warning status.
The assumption above which is always subject to
individual component-oriented fine tuning has been
applied in (5) below. MBiE represents the currently



required maintenance budget for repair on PE-level,
where the oil is situated in the asset hierarchy.

In order to calculate the condition index (c) on
equipment level, the procedure in example should be
carried out for all relevant components of the trans-
former (see the aggregation for FCt in Fig. 3).
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Figure 4. Fuzzy Logic bas
 data demonstrating the "

between physical

Building the state vectors

The procedure of the equi
consist of the following ph

1. Collecting the relevan
systems (MS) charact
related equipment com
state vector (see Figur

2. Fuzzification of the el
(see the simplified exa

3. Compute the deprecia
(see defuzzification  i

4. Aggregation of  D for
5. Plotting the trend of c

EQs  in monthly resol

Automated reporting on 

The automated reporting i
mation management proce
assets with the relevant bus

Fig. 6 demonstrates a r
development, which can
computed information and
condition deterioration to t

Transfer
Function (TF)

Part ial
Discharge (PD)

Thermal
State (TS)

Dissolved Gas
in Oil (DGA)

Offline Measure-
ments (OM)

Compose the State Vector of the
Equipment’s component  (ECi)

Insulation PD HS DGA OM

Fuzzi f icat ion  o f the state vector

On - Load Tap
Changer

(OLTC)

Go to
MD1-N

on Fig. 3

Center of Gravity Method

h

0 10

1

0

middle half

W

0.25

T=25

MIN

100%

D o

0 10

h 1

0

1

0.25

0.60

30 50

R

0

Oil MD and O

 temperatur

W
T

D
R

water cont

 depreciatio
currently ex
 get for oil t

R j t
 of oil treat61.7%

Rule 2:  IF W=high AND T=high THEN 
hig
ed interpretation of oil condit
bridge" function  of AMS
 and financial asset

pment condition evalua
ases:

t outputs of monitoring
erizing the condition of 
ponent (C) and set up i

e 5)
ements of state vectors 
mple in Figure 4)

tion (D) of the compone
n Figure 3-4)
 all C as proposed in [3]
ondition development fo
ution (refer to Figure 6)

assets

s the final step of the in
ss linking up the phy
iness processes.
eport sheet about cond
 provide up-to-the-mi
 as well as the trend of
he plant operator.

Figure 5. Composition of the component-oriented state vector
from the measurement data delivered by monitoring units

-1  M

-2  M

-9  M

C O N DIT IO N
DET ER IOR AT IO N

C U R R EN T
ST AT E in %

E Q 2 2

-3  M

-10 M18 .3%

10%

-11  M
40

40

1

0 100%

0

1

 C0

MAX

high

0

0.60

0.25

th -quarter

utput Data

e [C0]

ent [ppm]

n [%]
pected bud-
reatment [ $ ]

case 1 case 2
after vacuum dryi

ment [ $ ]

6.5

25

61.7

12340

Rules 1-2 � a

2.1

28

12.5

2500

D=three-quarter
MIN
100

=6.5
efuzzificati
hig
 ree
.60
-4  M

-5  M
-6 M

-7  M

-8  M

-1M  �  M O N T H  BEFO R E DE PR EC IAT IO N  1 1 5 2 9   $

20%
ng
ule 1:  IF water content (W)=middle AND oil temperature (T)=high THEN D=half
C j
C
 otal maintenance cost
 20000
ctive rules for case
ion

tion

the
ts

[4]

nts 

r

for-
sical

ition
nute
 the

Figure 6. Visualization of condition development on equip
ment level and of the currently expected budget sum for repair

7. Conclusions
The proposed concept describes the frame of a comp-
rehensive asset management system aiming at au-
tomated, demand-oriented online reporting on the
physical asset. It enables the decision makers to anti-
cipate changes in network business and to develop
appropriate actions for process optimization. In this
paper has been shown that today’s decision supporting
tools do not take adequately into account the non-
financial aspects in business process control and that
this problem can be avoided using an AMS.
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