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Outage reasons & effects of power transformer

Cause for major faults Cause for major faults

® Bushings ® Cooling unit ® Onsite Repair

® Core and magnatic circuit = Lead Exit ® Repair in workshop
® Other ™ Tap changer = Scrapping

= Winding
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O - Single asset risk determination with:
Ree i K Distribution function of
Repair costs
ot rondetvered | Age-dependent outage rates with
RiohoTio-Fio-Ke distribution function
Reliability data of all load & power plant
Risk of non-supplied Scenarios

energy
Rns=H Tns = Pns « Kg

Monte Carlo Simulation used for asset

risk V(i) and overall risk VV

" determination

\_te Value at Risk Method used to sort out
(R extraordinary combinations with a

OND > Rno = Onp
confidence interval of 0.95

Asset risk R(i,s) of the Asset i in
simulation round s
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Power Transformers in the 380kV-level in the
TNM

Age distribution of power transformer

m 380 kV /220 kv m380KkV /110 kV e 103 Power transformers
40 years & e 25 380kV/ 220kV PTR
above . 78 380kV/ 110kV PTR
35 - 40 years
30 - 35 years * Investment Costs:
25 - 30 years 380 kV /110 kV (350 MVA) 3,500,000 €
380 kV /220 kV (1000 MVA) 9,000,000 €
20 - 25 years
15 - 20 years
10 - 15 years
5- 10 years
0 - 5 years
0 5 10 15 20
Number of PTR
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Comparison VDN & CIGRE

% 140000
> 120000
100000
80000
60000
40000
20000

O _

= VDN
m CIGRE

00 OO O 1 AN M < IO O N 0 OO O 1 AN ) ST IO O 00 00 O +H1
M I~ 00O OO 0O OO 6O OO OO O OO 00O OO OO O OO O O OO OO O OO O O o
roorrereroerrrerererererereeereoererre @ @
FFFFFFFFFFFEFFEFEFFRFEFERFERFERFEEIICMX
o_o_n_o_n_n_o_o_n_o_o_n_n_o_n_n_n_n_n_o_n_n_EEE

* Young PTR overrated
 OIdPTR (AGE > 35 Years) underrated

‘ Risk Assessment is wrong with VDN
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Different activities of PTR investment
strategies

Rep|acement « Immediate renewal o f the asset

» Hazard rate of new asset
(R P) » Original price to CAPEX

Refurbishment * Renewal of bushings & tap changer

 Hazard rate reduction
(R F) » 20 % Original price to CAPEX

| * Normal inspection
Usua » No costs allocated to CAPEX

Treatment (UT) « No Scrapping Risk
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Different activities of PTR investment

: UNIVERSITAT
strategies DARMSTADT
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” mUT mRF BNEW position

80000
70000

PTR (40+) on a less

60000
/ / Important position

50000
40000
/ PTR with an complete
30000 redundancy
20000 - /
10000 -
O _
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nonooonooaonoaoa | NEW New Power Transformer
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Risk-minimizing multiple-choice knapsack
problem strategy

Min VaR Minimal summarized VaR
N 3 Vi Asset VaR by activity j
Min VaR = Z Z Vij * Xij LB Investment budget
= = Cij Activity cost j for
N 3 J asset
Xij indicates which activity j 1s
Cij " Xij < LB used for which asset i
i=1j=1
3
J=1 For an efficient solution of the
xij € 10,1} equations the solution algorithm of

Sinha and Zolters is used.
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Conclusions & further work

* Revised risk assessment for power transformers is needed!
» Refurbishment only for mid age PTR (30-40)
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End
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