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Predictive and preventive maintenance
using SAB and Delta-t®
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Introduction CIENSENQ
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* Locate weak pipes before rupture, accidents and leakage
e Utilize every section of pipes its full life time
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* Core in the District Heating business.

* Connection to the customers.

* Source of losses — energy losses higher than 10%.
* ”"Buried assets”, which can work +100 years.

e Reduce balance sheet if the assets life time can be maximized.
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How to improve Return On Capital Employed?
ROCE

Revenues — COsts

Assets
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. Poor insulation (wet) — energy losses.
. Loss of hot water — leakages.

. Failures, accidental leakages — emergency actions.
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80% of capex related to non-value
added work (excavation, welding, etc)

* Loss of supply
 Blocked streets
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Maintenance Method CTRNSENG
1. Corrective: Repair/replace pipe after failure
2. Preventive: Replace pipe before failure (and before full
life time)
- Time Based
- Risk Based

3. Condition based: Replace when pipe condition is bad

4. Predictive: Timing of replacement of pipe is planned
years in advance
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Cost and Risk
(OPEX)

High 1. Corrective

2. Preventive

3. Condition based
4. Predictive

Low

Capital
Low High (CAP EX)
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 Reduce leakage, loss of hot water and degradation of
insulation.

* Reduce risk of failures — large bursts causing consequential
damages.

* Maximize utilization of pipes — minimize replacements of
pipes.



Monitoring Methods DH-pipes ﬁiﬂsmg

Lacksdkning

* Visual
 Alarm wires
* Thermography

* Listening Accoustics
* Correlation Accoustics
* Electro—impedance

e Ultrasound




Jensen Predictive Maintenance - JPM iﬁmm?
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Four levels of monitoring

1. Detect leakage

2. Locate leakage

3. Detect Weakness

4. Locate Weakness
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JPM with SAB Smart Active Box ﬁﬁmsm
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4. 10T Sensorbox .
1. loT Sound/vibration amplifier Installation Oresundskraft,
2. Actuator/Vibratord 3 Patented microphone (accelerometer) Helsingborg

S
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5. Patented power
| Supply, heat-to-power



Cost, Risk and Capital vs. Monitoring ﬁﬁmsmq
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High

2. Locate leakage 1. Detect leakage

3. Detect weakness

4. Locate weakness

Low

Capital
(CAPEX)



1. Detect Leakage iﬁmmq
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* Patented microphone and amplifier detects increased noise
level (dB).

» Leakages cause higher noise (vibrations).



2. Locate Leakage ‘!,,ENSIW
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 Patented microphones and amplifiers record noise from two
directions.

* Acoustic signal analysis — correlation — locate the leakage.



3. Detect Weakness k’l.n«:NanY
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* Patented microphones and amplifiers record generated noise
(acoustics).

* The average remaining strength/thickness of the pipe wall is a
function of the speed of the acoustic wave propagation.

* Delta-t® (thickness) monitors average pipe strength beween
two measurement points (~100 m) and predicts degradation
(corrosion and/or mechanical wear.



4S- listening device in use during Delta-t® &

measurements (manual) JENSEN
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Delta-t® — Equivalent strength CTENSEN
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Original pipe wall with Corroded pipe. Only 3
6 mm mm “undestroyed” —New pipewall, 3 mm
pipewall left. ’

The original pipewall has diminished by 50% from 6 to 3 mm. The pipewall has at
present moment the equal strength of a new pipe with 3 mm pipewall.



Predictive Maintenance k!.nznsm*v
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e Maintenance actions

. -: Pipe condition is good.

Yellow: Pipe condition is acceptable but must be
monitored. Plan repair within 3-10 years.

. -: Pipe condition is bad. Plan repair within 1-2 years.
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SAB installed in Helsingborg
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Predictive condition monitoring, using SAB-system
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SAB installed in Uppsala
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Predictive condition monitoring, remaining life of pipes installed in the 1950-1960
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Visual GUI

JENSEN

Lacksdkning

Maintenance actions
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4. Locate Weakness CTENSENY
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 Under development.
* Accuracy will be 2-5 m.




SAB - system
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1. Data
Sources

Sensors
Internet-of-things

T

2. Data
Handling

Mobile data com
GPS-clock
SQL-database

3. Remote Data
Analysis

Condition Assessment
Prediction

Trend analysis

Big Data Analytics

VoV \/ 1
°/ 1+ (Dle) (K__JE_ )]

pipe

4. Data
Presentation

GUI

GIS system
Maintenance systems
Decision systems

ERP
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Flexible and compatible with other GUI CTENSTNY

Lacksdkning

SABLiveO4 | Data uppdaterades 20-12-07 v/

Karta 49005 x
F tten . 3% .

- Snittvarde senaste 24 timmarna
- - Datum

- [ 0— o 40 00 25 18 00

Batteri (V) Vattenniva Luftfuktighet Syrehalt Kolmonoxid

34 77 40 38

Bottentemp Framtemp Returtemp Lufttemp

O ®

100

Medelvarde pa Tilloppstemperatur, Medelyv...

" A et . " A\ U ot 0 S SO
A
— - " e
S N —
4
N TR G

4 fen 24 nov fen 26 nov fen 28 nov fen 30 nov fen
bBIng © 2020 TomTom © 2020 HERE, ® 2020 Microsoft Corporation, © OpenStreetiiap Terms SABLongme




.

rSCADA relation database ﬁ;Ns.;Nq
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[ I I ) ( I I
TCP Tele TCP . GSM
Reciever | | Reciever T Reciever Reciever
FILTER FILTER

SQL
database
1

SQL
database
2

SQL
database
2

SQL
database
1

Alarm Central 1 Alarm Central N




Data — improved operating efficiency iﬁmmq
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* Optional additional measured data available in semi real time

 -Temperature-in-pipe (forward and return)
* -Pressure-in-pipe (forward and return)
 -Temperature in chamber

* -Moisture in chamber

* -Flood alarm in chamber

 -Water level in chamber after flooding

* -Air quality (CO, 02, CO2)



References SAB system and JPM ;?ﬁ;ﬂs,m
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« Oresundskraft, Helsingborg
» \Vattenfall, Uppsala

* Eon, Malmo

* Eon, Norrkdping

e Jamtkraft, Ostersund
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Extra material CIENSENQ
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* Images etc
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The power of Big Data ;‘%ﬁmpq
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Single measurements Many measurements
Trends and patterns appear
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SAB/JPM correlated with Al/machine learning “?ﬁ;ﬂs,w
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Section of district heating pipe

h

Inspection chamber/manhole

=_|Shield/Concrete Duct or Plastic
Insulation

Steel pipe w hot water (70-140° C, 10-20 Bar)
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1. Detect leakage, noise detection (dB)
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uln SAB — Smart Active Box, computer with /O, sensors,
mobile data comm, Heat-to-Power-Supply

Elz Special, high sensible microphone, recorder
) Acoustic impulse generator

D Maintenance Manager



2. Locate leakage, accoustic signal correlation
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uln SAB — Smart Active Box, computer with /O, sensors,
mobile data comm, Heat-to-Power-Supply
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3. Detect Weakness — corrosion or wear on steel pipe
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l.: :J ..' Cloud database
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.(-LL SAB — Smart Active Box, computer with 1/0, sensors,
mobile data comm, Heat-to-Power-Supply

E Special, high sensible microphone, recorder
/’ Acoustic impulse generator

D Maintenance Manager
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4. Locate Weakness — corrosion or wear on steel pipe, or degradation of insulation

AT AL MR B DTN A

YELAE BRI S AL AT

l': J" ... Cloud database

153-158 m

(cp)
c(.Ll SAB — Smart Active Box, computer with I/O, sensors,
mobile data comm, Heat-to-Power-Supply

v

EI! Special, high sensible microphone, recorder
) Acoustic impulse generator

D Maintenance Manager
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Faltmatningar CTENSENY
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Evaluation of results CIENSENQ
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Wearage on pipewall in % of new pipe
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