FICHTNER

From Expert Tools to the
Digital Grid

A German Asset Management Journey starting in the 1970s
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* The 21st Century: Assessing utility grid networks

» Today: Optimal decisions based on shared information
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Established in 1922 and
family-owned ever since

Project experience in
more than 170 countries

===

Total turnover of
€246 million in 2017

00900

i

i

More than 1500 employees
worldwide — over 130 of
these in Ireland & the UK

Established in the UK in
1991 opening 2 offices
in Ireland in 2018

ISO Certified systems for
Health & Safety, Quality, &
Environmental
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» 100+ 1€ a'tions

\

—

Home office in Stuttgart | 22 subsidiaries and affiliates
Over 100 branch and project offices | Present in 60 countries worldwide
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Water &
Infrastructure _

Management
& IT Consulting

Renewable
Energies & Environment

Planning and consulting in all project phases -
for technically and economically sound solutions
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FICHTNER

How it all started

The 1970s
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With many pipes in the distribution networks dating back to pre-war times,
the first increase in incidents motivated research into pipe ageing in the 1970s

The development of the software OPTNET began
in 1977 on behalf of the GDR government.

=  More than 80,000 km network and 120,000
incidents were evaluated

= First assessments based on lists of pipes
without spatial representation

BRD - BRD* BRD BRD' DDR#

Rohrmaterial 1970 1950 1950 1987 1988

Y % Y ;

Cast iron Guss 63,8 57.7 53.5 55,0 41,0

Steel Stahl 9.0 6.3 5.1 57 219

AC / concrete |AZ/Beton 9.5 11.5 11,1 1.1 253

PVC/PEHD Kunststoff 17.5 24.0 30,1 282 11,8
other Sonstige 0.2 [ 1.2

Linge 159600 | 255800 | 304300 | 287.000 | 91.000

km km km km km

By Bundesarchiv, B 145 Bild-F031434-0006 / Gathmann, Jens / CC-BY-SA 3.0, CC BY-SA 3.0 de,
https://commons.wikimedia.org/w/index.php?curid=5454732
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The initial focus was in understanding pipe materials, related incidents and
becoming able to forecast incident rates for metallic pipes

Generations of materials used for pipes in Germany based on research by Prof. Roscher :

1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010

Material Materialgeneration

GuR (LGG)

11

GG1

12

GG2

1850-1880

13

GG3

1880-1926

14

GG4

Stahl

21

ST1

22

ST2

23

ST3

24

ST4

Fz

31

ET

32

AZ

19
T

33

FZ

50-1980

GGG

41

GGG1

1964-'80

42

GGG2

43

GGG3

PE-HD

51

PEG3

52

PES8O

53

PE100

ITH

S
T

ei

80-'90

54

PEX

PVC

61

PVC

62

PVCU

Beton

71

Bsp

72

Bst

1935-1961

PE-w

81

PE-w

seit 1961

1850-1950

Sonstige

91

92

Pb

93

Cu
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At the end of the 1990s the DVGW published a set of rules and regulations for
condition based rehabilitation of water and gas networks

In 1998 the DVGW (professional body of water
and gas professionals in Germany) published
the technical guidance document W 395
starting the collection of Germany-wide 3 100 Jahre

statistics on incidents in water networks. = \ E'"sa*m"e"

The figure on the right shows the state of
knowledge about incident rates per material

25

20

at that time. 5““"“’
In 1997 and 1998 documents W 401 and G
401 were published, offering suggestions on =5
rehabilitating water and gas networks. 5 mm
PVC

Schéden pro 100 km

GG

Bild 1: Schadenstatistik Wasser, Wasserfachliche Aussprachetagung,
Rostock 1998 [10]

Results of incident statistics, 1998
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By 1985 OPTNET defined the ‘Optimal Service Time' as the time when
replacement would be more economic than repairs (LCO)

Introduction OptNet-L

Optimal Service Time

€/a

— CAPEX
€/a = OQPEX

= SUM (TOTEX)
€/a Optimal Service Time
€/a

bND 3| 1,5 X WBW X FGrenzN
€/a — .
a; X RK X FInk X FRisiko
€/a
€/a
€/a
€/a
€/a
€/a
0 20 40 60 80 100 120 140 160 180 200

Age [a]
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With the division of the Berlin drinking water network in 1964, a large test field
was unintentionally created to observe ageing behaviour of pipes.

0301 == Bruchquote Gesamt
compare the ageing of the water networks in = Bruchquote West
east and west Germany.

. With the fall of the wall it became possible to | = v h\

- Without rehabilitation strategy the incident
rate in East Germany rose by about 700% to a

peak value of 0.34 incidents/km/a from 1960 ' MN\/W

to 1995 the.

Schiden pro km und Jahr

?
{
¢

\\\\\\\\\\\\\\\\\\\\

. At the same tlme In WeSt Berlln’ due to Comparison incident rates east and west Berlin
strategic rehabilitation the incident rate only
rose by 30-40%, to 0.07 — 0.09 i/km/a. 8°°

700

- Rehabilitation thus enabled West Berlin to o -
avoid 11,500 incidents between 1965-1995! i P =

= The review of the 1997 model results by
OPTNET in 2007 showed that the forecast for jz: @ %55
a 10-year period differed by less than 4%.

0
12 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27
1988 1997 Jahre 2006 2015

Comparison Forecast 1997 and 2007
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Modelling of the ageing-function proved possible with a minimum of data,
though allowed for refining the results by additional information

/\
r I
_ ' §f % f * *§f *T?2 )) *

Network elements Defects / incidents

necessary | Material, Age, Diameter, Length Number, Year, affected pipe
and/or coordinates

Good to Nominal pressure, wall thickness, number of valves, hydrants Type and cause of damage, mode
have and house fittings, type of corrosion protection, pavement, of repair

location within street and traffic load, earth movements,
cathodic corrosion protection

If available Pipe joints, depth, aggressivity of ground water, type of soil, Stray currents, condition of pipe
hydraulic data (pressure and flow), previous repairs wall and corrosion protection,
distance to others
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By 2009, when Fichtner took over, OPTNET had become a powerful expert tool
constrained by a Ul that would deter all but the most regular of users

» The actual modelling had been completely re-written in C++ starting in 2001
= To update models based on GIS exports and for those clients without GIS an MS Access tool was supplied
= Modelling results would be analysed using an MS Excel file with 200+ diagrams

» For import/export and spatial representation STANET (then Germany's leading tool for calculating network
hydraulics) was used.

ersion: 4.5_04.08.08

InvestT: des Netz
| 1 —

L) = = 1 o I T | svitie | s |

Ul Analysis in Excel Ul MS Access Tool Ul modelling tool
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FICHTNER

Assessing utility grid networks

The 21st
Century
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Working closely with STANET gave a Ul known to expert users and
allowed to easily include hydraulic results.

Display of failure probability in STANET:

18 wBest3 - DSIM-ONLINE 8.3.23 E -0 x|
Datei Bearbeiten Optionen Spezial Ansicht MNeu Datenbank Tabelle Attributlegenden Protokolle Diagramme Fenster 7

£ e 9 5.8 A IND) =8(07.09.2007 09:00 |8+

w ] 334,M 41 Y 4

28 EO R

< IE] Abnehmer
X Diagramme Tai

~ I&l Ellipsen

> [E Freie Texte

@ H& Leitungen

> |2l HA Verbindunc

5 s

Filter:

Leitungen:

Ausfallwahrscheinlic
W |0-1]
W )1-5]
W 5-10]
[}

J10-20]
[20-50]
W 5085

Innendurchm. {mm)|
e [570-800]
e [540-670
e [410-540]
= [280-410]
— [150-280]
—| [20-150]

_imlxt
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Results of the health assessment could be analysed in spatial contents

Result of health assessment (green: good, red: high failure probability)

)é-— 'E— o Lk o 2 _~ B == " 3] ’

FICHTNER | 16



N-1 calculations allow for assessing impact on supply guarantee. They tend to
identify few high-impact lines while showing no results for others

Result of n-1 analysis (green: no clients without supply, red: high impact on supply guarantee)

—_ = B Ly
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Combining health and criticality a risk model is created that can be used to
prioritize measures

Result of risk assessment (green: low risk, red: high risk)
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Integrating OPTNET with a state of the art EAM tool in 2011 allowed for
professional data analysis and handover of aggregated data to strategic AM

Analysing results in OptNet-L

7 OPTNET Prognose
File Edit Window Help
| ® 8 | [ormererosmose @@ FICHTNER

[E] segmentation v % ‘ 4% comparison replacement values ¥ X | &% replacement for the next 10 years v X | woh write off ¥ X =&+ filure rate with and without replacement ¥ X | =% amount of damages with or without damages ¥ X ‘
[E] seamentation: nachort* ¥ X

tnet\OptNet-L\Postgres\optn:

vsset Services & Tex

Weighted Average
1,750 T€ 02
) !
Demo Grid T w E
2 not defined = E 2 1500 T€ — 0475
) S E =
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[Jsymbols ¥ X | X Parameters ¥ X
\J |44 optimal replacement and material ¥ X | |44 substance value ¥ X
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p material 110,000,000.00 £
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3 failure rate with replacement
replacement_with_repla

3 failure rate without replacement
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05,000,000.00 €

Langs
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F optimal replacement suggestion
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F replacement optimal

#Simulationsjahr)
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=
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Even though the software would allow other departments to access results,

silos were still standing...

= Results would be used within the investment planning process

» Proposed measures would be imported to GIS for further planning

= Assignment of book values would need to be done manually

» Impact of regulation would typically be assessed by specialised departments

e Py el

Ul Analysis in OPTNET L Ul MS Access Tool Ul modelling tool
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Optimal decisions based on shared
information
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Fichtner BGI (Business Geo Intelligence) is a well established tool for enabling
decision making in a spatial context
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By combining asset data with operational data and weather info BGI won the
international SAP and HERE |oT Apps Challenge 2016.

Innovative loT App

[Predictive A \ W )7 Weather Panel  Legend
= 3 Kleibrok 1E3il}
Soenrower |EWind Bower brilg @2 f { ? GroBenmeéeér Current Status
= 2 ~ —corf 7 -
Wind Power (17:00) o \ 0 Forecast
Utilization =  Current Power
\ Oberhdrnt <
527 975 2 jastcde Nied ) ? Selected date: Tuesday, 12.04.2016
542 100.2 Nuttel g Barghomn =
=5 o8 Kleinenfelde Nows oo @
537 994 Boks! : \ Loy Ipwege, Lower Saxony, German
50.1 927 Leuchtenburg Ipwegermoor Q
526 974 o Buttel Description afew showers. Mosti
3 Max temperature 1460 °C
o4 100:7, 5 Neusiidende ) P Min temperature 7.90°C
523 96.8 ) s ) ) Precipitation Probability 26 %
rbeck qwege Precipitation Description a few showers
514 95 . Wind Speed 6.63 km/h
e

- Sp— '8 e ANALYTICS RN

. Ofend o :

Heidkamp B
Metjendorf mbar/in

App Video at:
https://onedrive.live.com/?authkey=%21AJJfP5nKwy4%5FvjQ&cid=46F781387C28A909&id=46F781387C28A909%2118450&parld=46F781387C28A909%2118431&0=0neUp

Source: FIT, SAP AG
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FICHTNER Digital Grid combines BGI with powerful modules for smart
integration and expert tools to provide a solution that can be used across
departments.

D BGI Grid Analytics ‘

Expert Tools Engineering Services
BGI Calculate D Network Analysis
D BGI Control D Governance Management
D BGI Optnet D Operative AM
D BGI Maintain D Enterprise Asset Management
D BGI Policy D Strategic AM
: |:| BGI Document D Grid Documentation
FICHTNER Digital Grld

. Integrated network analysis
Smart Integration J y

Calculation algorithms ;
[—][_|BGI Import l?
SILEN
- D BGI Connect v

D BGI Enhancement -

- D BGI TopoManager
D BGI CheckBack
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Breaking open old silos FDG offers a synchronised, cross-process, asset-based
view by combining information previously locked up in expert tools.

Typical Questions

» What loads are caused by the currently

FICHTNER
Digital Grid

Asset Management approved new PV systems on a sunny

Network Economy day?

Dynamic

* In what condition is a facility and are
Data

Technical

. there plans for third-party construction
ata

in the area?

A Servi
sset Service « What kind of failures did we have in the

concession area last year and what

Planning and

?
Construction were the causes?

* Which property situations need to be

taken into account when replanning?

Business
Shared Service
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Creating a true digital twin by combining data from GIS, ERP and other
systems a multitude of different tasks in the company can be simplified.

G2G
” Q Filte
Q |
0
8 & Anlagen
Y ™ Umspannanlagen
[_51 ¥ Ontsnotzstationsn
. ¥ EEG-Anlagen
™ Kvs
¥ Hausanschiusse
8 ¥ Netze
Q0 Hs
[+ R
8% Ns
¥ Kabel
™ Fredaitungen
& Schalter

PK

NS ByStromkreis

]]
8
=<
=

Toverk

dort

Leitungstyp

—— e o}

\
\

/

sbprm

e

hailter (23) Fresdotungen (101) *  Kabel Fredvarbran
Bezeichnung  Baujahr Name Material Dimension Stromkres Ontanetznu Stationsnu Abgangsnu Laenge_ver Eigentuemer | Gemeinde
tk‘;)\ Zu allen Dbjekten zoomen
@ Zu Selektion zooman
M) Alles axportieren
»

1 [ Selektion exportieren ’

@ Zoom aut Auswahl % Aus Tabelio ontomen « I [ Exportoran «

1 egende

y (Y
1 Leertohr (0)
Schutzohrpakat (0)
Standardrohr (50)
unbekannt (382)

<alle andaren Warle» (132)

iapon (Gas) ———

B Bazikstagler (0)

3 Bezug-Kundenstation ()
u Bazug NatzKundenstaton (0)
[ Bazug-Nestation (0)
Fremdanlage (9)

3 HD-Obsrgabsaniags (0)
¥ Kundenstaton (0)

» Netdaindenstation (0)
P Netzstation (0)

€5 Sonderkundenstation (0)
@ <allo andaron Warle> (0)

| <alls andaren Warle > (0)

/ Lage eingemessen. n Batrisd (0)
/ Lage geortet In Batrlen (0)

/ Lage unbekannt, in Besdeb (0)
/ <alle andaran Warte> (0)

HA | estungon MO

/' Lage eingemessen in Batrien (0)
/ Lage geortet in Batrieb (0)

Laga unbekannt, in Setiab (0)
/' <alle angaren Wartex (0)

W Gasschrank (0)

® Gublude ohna HNR (0)
Hausanschluss (0)

@ Nachbaranschiuss (0]

® HNaubau (0)

[Z] zanierschacht (0]

W Gasschrank (0)
® Gabliude ohne HNR (0)
Hausanschluss (0)

FICHTNER | 26




Asset systems can also be represented schematically, allowing the user to
seamlessly ,zoom in” on system details

:
O D Assposepunic -
O D spsiariesi - =1 0-1kNm3h
1-5kNm3n
& [ enboutete r
O [ untersegment N i
E 0 i y 10- 30 kNm3h
o - Normdurchmesser [Js0- 50 knman
). L] statica . [TJs0- 100 kuman
4] Q [ schemapian 1 )JT o [J100- 150 kNm3n
B & £ smulanonsergebnisse PAN g Yy [Jr50- 200 kuman
& [ proveteciurg ke iy L& Caso- 300 kuman
L:g [ profverietzung tinie ee——e— y A L p [J300- 500 kiman
& [ ergebnisep '-—T y¥ L) s00knm3n
@ 0 e s ] Cheeinwen
& [ knoten o p N
oz 4
& [ stellung schieber & Regler Y ¥
& [ s L J [Jo- 5%nm3n
[CANE 5, 7 b D [J5- 10kNm3n
CALE ) [Jro- 20 m3n
& [ ourchflussmenge I [Je0- 30 ktuman
B8 0 O sereiche b ¢ ¢ Qan»mwman
O O e l_,g-wsmezn
c -100 kNm3h
ev¥eE ﬁ
) 100- 170 KNm3n
O [ oxsowese
O [ oksoost + -
0 Doe ——— =3 " - o K
6.2 map.at Orthofoto
.. Einspeisapunkt
tMap Ausspeisepunkte
Kraftwarke
BB Daten GUEP - Bidirektional
3 = L . i 5 4. 3 / GUEP - Entry
e Stellung Schieber & Regle Knoten Druck Einbauteile KNO Einbauteile SCHIEBER S / , gy
DURCHFLUSSMENGE_KNM3H FUESSGESCHWINDIGKE / Netzkoppsiungsstation
¥, Speicher
@ Auswahl Simulationslauf 16357101 282481 b Produktion

/s

siogasproduktion
Verdichterstation

Knoten, Hifsknoten, Abzweigpunit
Filtarseparator

Mengenmesser

Molchschleuse

Regler

Trodknung

Verdichter

Widerstand

! ¥ %"Eﬂ P—~—

PO2017-EXIT-BestCase ¥

Layer

Jo=mfo>« N IEHTESD =

pPoo000000C
z
3

e GcARaum

P Max

Fernleitung - in Bau (NAV abgeschlossen)

Fernleitung - in Betrieb

Wast Austria Gasleitung

West Austria Gasleitung - Loops

Wast Austria Gasleitung - WAG 11 in 8au

Ebena 1 - Projelt

Ebene 1 - Projelt genehmigt (ECA)

ok s g * Ebene 1 - in Bau (NAV abgeschlossen)
Ebenz 1 -in Betrieb
Ebene 2 - in Bau (NAV abgeschlossen)

= Ebene 2 -in Betrieb

" Ebene 3 - in Betrieb

PoZOIrENT-BestCase ¥
Norm
/ DN_100
ZDN_150
N //DN_100
v ) O /oo
A

Kuriname: VNKD.PYS1-PVS2

AT-Nummmer: AT3001790000000000BAUMG Inbetrieb:

ISLANKEVS—S

DN_400
/ DN_500 -

FICHTNER | 27



Updating data with spatial information can now be done “live” on the
database, saving duplication of tasks with the GIS department.
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Interaction between spatial view and statistical diagrams makes modelling
results easier to understand and lowers failure probability.
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Data from web services (for example weather data) can easily be included.
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¥ Wetterwarnungen
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Current weather data facilitates incident
response decisions.
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Forecasting outage-duration per client based on the asset health forecast
allows for a true understanding of asset risk.

& @) & https;//fitgis.fichtnerconsulting.de/optnet-v8-kwl/
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Cross-platform and offline capabillities allow all use-cases to access the same
information
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First realised projects show interesting possibilities of application of
augmented Reality, 3D und Microsoft HoloLens

https://www.facebook.com/BR24/videos/10154367984080336/?hc_ref=PAGES TIMELINE

Quelle: Fichtner IT Consulting AG. Microsoft Corp., hhpberlin, AGGM
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https://www.facebook.com/BR24/videos/10154367984080336/?hc_ref=PAGES_TIMELINE

Summary

= The Journey of enabling utilities to ensure good investment decisions started with first research in the
1970ies.

= By 2011 it had become a mature expert tool for assessing asset risk and analyzing results but it became
clear that to endorse good Asset Management a platform would be necessary that allows all
departements to work together.

= By including OPTNET as a module within Fichtner Digital Grid the results become useable across
departments. All asset-related data is accessible within one solution for all tasks.

Fichtner Digital Grid can thus facilitate good decision making by breaking down old Silos!

FICHTNER | 34



Thank you for your attention

Your contacts for further information
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Mike Beck :“:‘; §’
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Of Asset

Fichtner Water & Transportation GmbH
UhlandstraBe 7-8, 10623 Berlin

Telefon: +49 (30) 609765 41

Fax: +49 (30) 609765 78
Mobile: +49 (176) 18850590
E-Mail: Mike.Beck@fwt.fichtner.de

Cyril Roth

Fichtner Water & Transportation GmbH
UhlandstraBe 7-8, 10623 Berlin

Telefon:  +49 (30) 609765 36

Fax: +49 (30) 609765 78
Mobile: +49 (177) 4668568
E-Mail: cyril.roth@fwt.fichtner.de
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