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Introduction

B Fundamental changes in the regulatory framework of the electricity
market in the last decade

B Intensified efforts of the grid operators for an optimized utilization of
their networks with respect to technical and economical aspects

B Atthe same time the grid operators have to assure a sufficient power
quality & reliability

B Substations are the nodes of the grid substantially affecting the
reliability & availability of the grid in total

B Substations represent an essential part of the grid assets

Of particular interest with regard to optimization of the grid costs, I. e.
Investments & operational expenditure — CAPEX & OPEX

Methodology and decision making process for substation renovation

and equipment end of life assessment
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German EHV grid

Operational areas-of German Transmission System Operators
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German EHV grid

Operational argas of German Transmission System Operators
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German EHV grid

Operational areas of German Transmission System Operators
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Information for decision making process

B AM < qualified information of the system and the equipment installed
for the decision making process.

B [n case of larger population difficult to provide key information manually;
therefore reasonable

— application of data based systems

— development of algorithms

B Algorithms and method for
— determining near-term action and annual business planning

— forecasting the technical and financial effect due to system ageing

B Approach based on condition and importance
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Assessment of condition and
Importance parameters (1)

BAssessment of condition parameters

1. Equipment level regarding equipment specific condition
parameters, assessment by school marks

B static condition quantities: technology, type related service
experience (e. g. after sales service quality, maintenance costs),
individual failure rates

B dynamic condition quantities: age of equipment, individual
condition ascertained by inspection and condition checks, interval to
next planned maintenance activity

2. Equipment condition parameters accumulated on bay level,
weighted according the value of different equipment

3. Assessment on station level — bay condition parameters and on
system level — station condition parameters,
weighted average mean value
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Assessment of condition parameters on
different levels
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Assessment of condition and
Importance parameters (2)

BAssessment of importance parameters —— .
For reliability analysis

: failure rates to be
different substations regarded. However,

failure rates still
considered with

— Derived from short circuit power of the station in question

weighted by a factor reflecting the relevance of the station in the
system

M Condition and importance parameters normalised to 100
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Condition and importance on equipment level
Example: Circuit breakers
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Condition and importance parameters of
a population of 380 kV stations

30 HC tot
AC pri
¢ C sec
60 ® C pri >50
_ ‘; 4 B ‘ ® C sec >50
S 40 %.A R . °
: s oy
4
° m® " & &
20 A * * * *
O 8.. .. [ : : [ o : (i) o o
30 40 50 60 70 80
importance

RW E RWE Transportnetz Strom 04.2009

PAGE 12



condition

Condition on station level
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Decision-making process for substation renovation

and equipment end of life assessment

1. Introduction

2. Basic methodology

3. Ascertainment of actual condition

4. Determination of other c - parameters
5. Assessment of end of service life
6. Combination of parameters for decision making
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Qualified assessment of actual condition of
switching equipment

= Qualified condition assessment needs knowledge of the equipment
under consideration and the physical background = experienced and
highly skilled personnel.

= |n case of a large amount of different pieces of equipment and of
different types = high expenditure for training of specialised personnel

= = New approach: Application of an “automated, user instructed and
data based inspection and diagnosis system” (ADS)

= ADS system in use for HV CBs since several years, for DSs under
development
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Basic design of “ADS" system
(automated, user instructed and data based inspection and diagnosis)

Iy — :
2)  TTTE
U

Contact resistance m

static & dynamic

1), 2), 3) adaptive sensors

Y
| Pl SF,-Check
1)
Contact travel ~ 20~ diagnosis plu
(. g plug

~ control & supervision of

switching process & drive

User assistance

Maintenance expert may diagnosis box
control and supervise the N process control
process by remote access | UMTS data acquisition

data transfer
RWE RWE Transportnetz Strom 08-2008 PAGE 17




ADS Features

Diagnostic box — four inputs to record different diagnostic quantities
Seqguence of the inspection process is automated.:

After input of the general data of the breaker to be inspected —
maintenance personnel instructed what actions are to be done

All quantities are measured & analysed automatically, all results are
stored in a data base

— Reliable, objective & gualified assessment of the actual condition
of the equipment under consideration

Depending on the measuring results and the condition check —
Information, if and what corrective measures have to be taken.
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Results of ADS diagnosis on a 245 kV CB

with two interrupter units
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Data recorded and analysed by a single shot

= The following data can be recorded and analysed by a single shot:
= Static and dynamic contact resistance

= Operating (making or breaking) time of the main and the auxiliary
contacts

= Contact travel, I. e. velocity and damping
= Current and time characteristic of the tripping coll

= |n case of an hydraulic drive pressure drop of the hydraulic
pressure

= All measured results are recorded and analyzed automatically and
afterwards stored in a data base.
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Decision-making process for substation renovation
and equipment end of life assessment

. Introduction

. Basic methodology

Ascertainment of actual condition

1
2
3.
4

. Determination of other c — parameters

B Maintenance,

B after sales service

. Assessment of end of service life
. Combination of parameters for decision making

. Conclusion
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Average overall maintenance costs of
420 kV CBs per CB-year
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Assessment of after sales service quality (CBs)
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Ageing given by related failure frequency (RFF)
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— Linear loss of basic
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related failure frequency

— Worse service experience
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Related failure Frequency (RFF) of 420 kV CBs

Failure Frequency (RFF) of 420 kV circuit breakers with 95% confidence interval
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End of life prognosis due to knowledge of the basic

ageing process

utilization factor [%] *)
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End of life prognosis due to knowledge of the basic
ageing process

utilization factor [%] *)
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End of service life assessment of 380 kV substations*

(equipment with impermissible utilization factor will be exchanged)
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Conclusion

B For support of the decision making process for substation renovation
the asset management needs simple, but technically justified and
effective method for assessment

—of actual conditions of the equipment

—end of equipment life

B Methods and algorithms described provide qualified information
- for determining near-term action and annual business planning

—also for forecasting the technical and financial effect due to system
ageing.
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Decision-making process for substation
renovation and equipment end of life
assessment

Thanks for Your attention!
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