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@ Statnett
What is the SAMBA project?

« The SAMBA project has been a 3 year R&D project financially
supported by the Norwegian Research Councils Energix
program and completed end March 20109.

CVJ The Research Council
A” of Norway

With funding from
The Research Council of Norway

* The partners in this project have been:

Statnett ® sINTEF

The future is electric
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The challenges for Asset Management in Statnett

e Aging and increased volume of assets
o Statnett must optimize maintenance and investments

o Statnett has a lot of data about its components, but can utilize
these in a better way

Some key figures from the SAMBA project:

~18
53 3 researchers
' ~70
summer from Sintef
Students Statnett
from employees

NTNU

Total NOK presentations

of the project

~26 mill

The future is electric L .
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Why SAMBA project?
e Predict now condition for critical

components

 Predict the development over time for
critical components

» The basis for predictive maintenance

* Optimize the right time for critical
component replacement

The future is electric
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Execution of the SAMBA project

2016 | 2017 | 2018

Statnett

‘WP1 User needs and possibilities |

—’l ‘WP2 Methodes and use cases I

—

»| WP3 Data models and integrationsMethodes and use case i

.;! ‘WP4 Architecture and business rules I—

A4

‘WPS Testing and evaluation of use cases |—

| ‘WP6 Risk monitoring centre |

! v

|WP7 Innovations/Recommendations

‘WPS Project Management and dissemination

The future is electric
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Smart Grid Reference Architecture =~ St

Business Objectives
Polit. | Regulat.. Framework

e Use case
« Use case is a list of actions or |medes s wea
event steps that define the
interaction between roles and
a system to achieve a goal

e Template from IEC
standard 62559-2 -

Component Layer

Interoperability Layers

Represents physical
device that host functions,
information, and

communication means

Domains Customer

Source: Smart Grid Reference Architecture (SGAM) proposed by the CEN-CENELEC-
The future is electric i i i
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Enterprise

Operation

Station

Process

Apen infof'hsset management (A):

—

Enterprise (asset manaﬁement] Input use cases: Y
A3.1 Estimation of residual lifetime, probability of failure, and risk 02.1,02.2,T3.1, T3.6, CB3.2, CB3.3, CB3.5, L3.5, C3.4, |
A3.2 Technical-economic analysis of maintenance and reinvestment A3.6 s
A3.3 Registration and analysis of historical costs A3.1,C35 el
A3.4 Visualization of condition/risk for stations and overhead lines - e
A3.5 Condition assessment through sample testing A3l cq
A3.6 Registration and storage of condition information L3.2 se
A3.7 Risk monitoring of critical equipment T1.1-T1.12, CB1.1-CB1.10, L1.1-11.8, C1.1-C1.8
|\ A3.8 Identification of renewal needs for stations A3.1,02.2
“_A3.9 Benchmarking A3.1, A3.7 S
~

Electric system operation (risk monitoring center)

Operation (0):

02.1 Asset condition monitoring

Input use cases:

T2.2,12.1,12.2,12.3,C2.1,C2.2,C2.3,C2.4

02.2 Asset risk monitoring 02.1

02.3 Immediate actions T2.3,C2.%
| 02.4 Permissible overload T2.4,C2.6 |
Q2.5 Event detection L2.4 S

yd Transformer (T): A Circuit breaker (CB): BN
/Data collection: Operation: A Data collection: Asset management:|
| T1.1 Technical data T2.1 Online gas data CB1.1 I.\Iumber of CB3.1 Maintenance
T1.2 Periodic oil and gas data analysis operations action

(GOT, DGA)

T1.3 Inspections

T1.4 Event history

T1.5 Online gas data

T1.6 Load and temperature
T1.7 Paper sample

T1.8 Decommissioning data
T1.9 Tap changer operations

T2.2 Health index

T2.3 Immediate actions

T2.4 Permissible
overload

Asset management:
T3.1 Thermal winding
aging

T3.2 Mechanical paper

CB1.2 Breaker position
CB1.3 Technical data mechanical wear
CB1.4 Failure data )
CB1.5 Short circuit currentg:l iﬁif:::lla:tlaitrmn of
CB1.6 Break time CB3.4 Vibration
CB1.7 Opening time e

CB1.8 Vibrati tt

cois G'asr:l:::;tsa €M3 B35 Health index

CB3.2 Calculation of

CB3.6 Re-ignition

Statnett

sintef 13
[ABE | 3
[GE | 3

/ Overhead line (L):

Data collection:

L1.2 Temperature
L1.3 Ice formation
L1.4 Weather data
L1.5 Inspections
L1.6 Thermograpy
L1.7 Technical data
L1.8 Geograhical

Operation:

L2.1 Sag identification
L2.2 lce prognose
L2.3 Line condition
L2.4 Failure prediction
and preparedness
Asset management:
L3.1 Line condition
L3.2 Connector
condition

D\ Cable (C): N

| | Data collection:

Operation:

C1.1 Technical data €21 Online analysis

€1.2 Inspections 2.2 Offline analysis

€1.3 Event history 2.3 0Oil filled termination
C1.4 Online cable Measurement results
data C2.4 Thermal conditions
C2.5 Immediate actions

C1.5 Qil filled
termination C2.6 Permissible
C1.6 Load overload

Asset management:
C3.1 Condition assess-

C1.7 Temperature
C1.8 Decommiss-

Field

T1.10 Cooling start/stop aging

T1.11 Moisture T3.3 Tap changer
T1.12 Failure data operations

T1.13 Electrical condition data 13-4 Oil aging

T1.14 Sealing condition data ~ 13-5 Periodic oil and gaq

T1.15 Service Condition Data  analysis
'\;I'1.16 Surface Condition Data  13-6 Health index

L T3.7 Maintenance

N

e

', CB1.15 RCM

CB1.10 Gas density
CB1.11 Reactor current
CB1.12 Breaker
operations

CB1.13 Condition
monitoring data
CB1.14 Weather data

monitoring of reactor | L1.9 Short circuit 3.3 Tower and
breakers data foundation condition
CB3.7 Temperature | |L1.10 Failure data 3.4 Insulator string
measurament on GI5 condition

circuit breaker L3.5 Health index

VAN
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ioning data

ment of cable
C3.2 Condition assess-
ment of accessories

(3.3 Condition assess-
ment of oil filled
termination

C3.4 Health index

C3.5 Investment and ,a"l
capacity analysis
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Transformer- AHI (Asset Health Index)

 Many subcomponents and different
condition measurements.

* Oil analysis and temperature data are
important

e But, What is the overall condition?

» Health index is an aggregation/weighting
of several condition measurements |n to

one index
1) Winding with paper insulation. 2) Core. 3) Tap

E changer. 4) HV bushing 5) LV bushing. 6) Tank. 7) Oil
@ ¥§ Bl expansion tank. 8) Cooling arrangement.
The future is electric
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Transformer monitoring and mspectlons

 DGA. Continuous monitoring

 Oil condition. (Annual sampling)

« Temperature, PT100, fiber-hot spot

* Inspection, condition

The future is electric
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Qil Analysis

Statnett
Aging model (AHI)
Various models for the calculation of aging (AHI)
% Alt.1 Alt.2 Alt.3 Alt.4 Alt.5
100— N R B
B R _-31_ E'E‘CTEStS B clecTests W

Qil
s Analysis Analysis g

Core PTR
function

Insulation

Anulysm Anulysns

The future is electric
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Transformer- AHI Statnett

Sintef AHI
Driftsmerking | Alder Helseindeks (%) Kompletthetsindeks
T2 32 100 73 %
T2 37 57 75 %
= 26 Py 75 % Leverandgr A AHI
T51 7 100 55% GRID WEA STATNETT ABS 555 SR S
T12 10 97 95 % GRID WEA STATMETT  MATIOMAL 34 64 L
T1 12 98 85 % GRID WEA STATMETT MUMEGEM 17 .
T3 35 a5 75 % GRID WEA STATMETT MLUMEGEMN L7 - _
T2 34 70 58 %
T2 56 73 55 %
T4 44 98 75 %
Asset Healt
100 LR e - .
Index/kompletthetsindeks
o 80
an_"‘. » L ] 80 70 3 64 58 55
2 60 60 3 41 38
E 40
= A0 20
3 0
20 N N & &
[8) &)
5 « N
O 10 20 30 40 50 60 Trafo A Trafo B
Alder [ar]

The future is electric
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sset condition transformer Statnett

Risk handling . .
T Action operation @] Asset Management
Risk analysis and prioritization
Action maintenance@ T ;
/ Risk handling \ Risk impact/requirements
Transformer 1...n - y
__ |} Individual ' Rating AHI ;s Needs for replacement f,'
| == S iy o il =1 v
g erall condition Rating *
2lem "\l e wo weight }—' 35-100 fveycooa [ Needs for refurbishment .~ "
[%) TPTH F
=lage | ating . ) L ood PO Impact on human safety -
o T_‘—\_,"W m:t 70-8 Good 4 kion Economic impact / Operational restrictions /
5 Rafing Powor Pr— z 50-70 Far o Ul Impact on reliability 4
= | poble test : factor woight g . . b et @pact on the environmev )
g . il - Technical / Economic Analysis
i || Transtommer o I:‘:u'iFS:II:..lcld. Score x 0-30 |veyroorfr I I s
sty or) compared to — I el T
5 i, ¥ [ il el RO &
| — —1 ] [f B S p——
<= [l Transformer DGA H4, C2H8, ¥ | 1— R a—— -
g | C2H4| ©2H2, CO, P T—— - E —
i d to limits il —| - E
E Malith 1 i ::;':: tor i |
= Loadil Score ® - —| ) —_—
H I " I | g atie weight l_' E(Score c=08s bor 1 ol
o flonthn e - *wei E=050 — 3 icolileecid - e
Rat ng weight)/N or | —
= I e R — T = i
|—— | ratio Tweght T 1 T el : u = hE : _
‘7 m e T & - S TRy e 0
. Should we maintain or reinvest and when?
Condition inspection:
Surface/paintin - -
. Gasket C%nditiogn Solution chosen on the basis
Control wires of risk assessment

Local readings
Oil leaks
etc.

VVVYVYY
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Todays ICT solution vs. future ICT needs in AM

The future is electric

DDK-
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4
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web
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Innovations

Statnett

e ® ¢ Statnett use Circuit Risk
PN case @ breaker monitoring
P4
identification failure model function
Multivariate Overview of Cable and
analysis of = historical transformer
transformer - data temperature
gasses — availability prediction
Line
Reactor .
breaker 1 p Health index connector
reignition wyr
identification assessments

Voltage

O/ transformer
failure

prediction

Asset

reinvestment
analysis

testing

ICT asset
management
architecture
investigation

The future is electric
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Innovation
/"’ Cable temperature |
prediction S\ _
%u : / Faktisk temperatur \
b8 B o
e Tested on Statnett data g \ | /| V
* Possible to predict o g/ \
temperature in cable
e Goal: Used in operation e

and detection of
abnormal conditions

The future is electric
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Recommendations

Improve data quality and availability

Volume

e Data Volume

» Data Velocity
e Data Variation

e Data Veracity

The future is electric
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What is the benefit of the SAMBA prolect’?

Statnett has achieved:

* An ICT architecture suitable for asset management

 Demonstrate the need for sensors, measurements and data

quality N\ samBa/
. . . . S t t
» Expertise for condition monitoring models for power components mrgi;;;s;ni
b‘
» Basis for development of Asset Health k‘;ﬁ

Effective Smart

Digitalisering i vattenkraften 9.maj 2019
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Potential savings for Statnett

e Saving ~ 30 - 40% by going from
preventative to predictive maintenance

* Annual savings by postpone the
replacement of a transformer is
approx. NOK ~ 0.5 million

The future is electric
Digitalisering i vattenkraften 9.maj 2019
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Tank you for your attentlon'

Statnett

Statnett homepage: https://www.statnett.no/en/about-statnett/research-and-development/results/
The future is electric
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