Monitoring & Diagnhostics potentials

<

Life time evaluatioMm_. §

KUHLTURM

RAUCHGAS-
WASCHER

—> = }
' o
l g [
PROZESSTASSER-
BEHALTER

GIPSLAGER
EPONIE u KA ASCHEFERNBAND

Lo—?g

= T
1 S
eipssuseen- —=1
SIONS- 4
SAMMEL- |
BEHALIER

GUNGSTANK

s»\uczus
| [KALKSTEIN-r==

SILO @

ﬂ‘l)RKULAIIONS

FRISCHLUFT
LASE ¥ GEBLASE

| ASCHEBUNKER

EISENAUS-

BUNKER-
BAGGER

‘\ALKnAGGO\EMLADU“G

)

KUHLWASSER

ISPEISEWASSER
w’wc

\

t\O“DF‘ QAT

E"hAl[UN(: g PUMPE

KONDENSAT-

lD

FU Main steam heaters
ZU Reheaters

VD Evaporators
MA Coal conveyors / mills

L\! ~ VGB PowerTech e.V.|[FOLIE 1

TU
HS
PA

Turbine

Generator / HV gear
Pumps, fans, motors
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Monitoring & Diagnostics: Examples

Example 1. Condenser pressure

Condenser pressure difference detected: 7 mbar
Additional fuel: 6 MJ/s reaching 140.000 €/month
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Example 2: Minimum load stabilization

OPTIMIZER

BOILER MODEL
INDIVIDUAL Analysis
DAMPER BIAS OZ/CO
NOXx

18
P4 ahEE

Set points:
Secondary air
02 surplus
Mill load

Source: SR:EPOS, STEAG
Burner angle



O&M: Maintenance overhaul periods

POWERTECH
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T; = equivalent operating hours K = minor overhaul

M = intermediate overhaul, module overhaul
G = major overhaul
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KISSY — power plant information system

KISSY provides the opportunity to
benchmark power plants by:

= Compiling availability data and
evaluating performance
indicators

= Comparing the indicators of
single plants with indicators of
peer groups

All fossil

Characterics: fired

= Size of power plant capacity power plants
= Fuels by capacity

= Furnace type by capacity

= Units by single or dual boiler
operation

= Units by sub-critical or
supercritical pressure

plants
> 600 MW

POWERTECH

plants
100 - 199 MW

plants
200 - 399 MW

plants
400 - 599 MW

Benchmarking is a good way to assess the O&M performance of the own plant(s). It

provides necessary transparency about focus areas for maintenance interventions.
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KISSY —root cause analysis for new plants

POWERTECH

TOP 20 components with highest unplanned unavailability
Evaluation of 3,633 incidents without external influence
Collective: fossil fired units; commis. date = 2000; = 200 MW gross capacity; all countries
Time Period 2000 to 2013

Evaporator system .24%
Pressure system, feedwater and steam sections

Gas turbine plant

Generator, complete

Miscellaneous

LP turbine

IP turbine

Turbine, compressor rotor with common casing

Steam turbine plant

Feedwater system

Steam system

Power transmission

Reheat system

Conventional heat generation

HP superheater system

Furnace ash removal, furnace slag removal, bed ash removal
Combustion air system (primary air, secondary air)

Main steam piping system

Ash and slag removal, particulate removal

Feedwater conveyance

0% 2% 4% 6% 8% 10% 12% 14%
Unplanned unavailable energy
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KISSY —root cause analysis for all plants

TOP 20 components with highest unplanned unavailability
Evaluation of 66,330 incidents without external influence
Collective: fossil fired units, =2 200 MW gross capacity, all countries
Time Period 2000 to 2013

Miscellaneous

N

0.07%
Conventional fuel suppla and residues disposal
Conventional heat generation

Evaporator system

Pressure system, feedwater and steam sections
Main machine sets

HP superheater system

Steam turbine plant

HP turbine

Generator, complete

Reheat system

Gas turbine plant

LP turbine

Generator plant

IP turbine

Feedwater conveyance

Steam system

Pulverizing system (incl. classifier)

Bearings

Air heating system (flue-gas-heated)

POWERTECH

0% 5% 10% 15% 20% 25% 30%
Unplanned unavailable energy
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KISSY — unplanned unavailable energy

POWERTECH

unplanned UA-Energy by KKS-Codes of reporting years
of lignite and hard coal power plants > 450 MW

L e ———
-

90% -

80% - HB

70%

60%

50%

40%

unplanned UA-Energy

30%

20%
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10% Vollstéandige Anlage

PSS

0% T T T 1

1. Meldejahr 2. Meldejahr 3. Meldejahr 4. Meldejahr 5. Meldejahr
Period

Meldejahr = reporting years
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Organizational structure of a power plant team

POWERTECH

Level 0-1 CEO, MD
Top Management
Senior Level, =20 years experience

Level 0-1 CEO, MD

Top Management
>20 years experience

Level 1-2 Plant Manager
Senior Management
>15 years experience

Level 3 Senior Engineering
Middle Management
>10 years experience

Level 4 Junior Engineering
Assistant Managers / Specialists
>5 years experience

Level 5 Technicians/ Fitters
Senior operational craft
>5 years experience

Level € Helpers / Trainees
Operators and manual laborer
No or few experience

The organization of a power plant usually comprise seven hierarchical level. Besides the
size of the plant the number of employees depends on the subcontracting philosophy.
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New requirements for power plant personnel

Technical challenges
reduction of full-load hours
increased number of start-ups and
load changes
potential of reduced economic
viability due to reduced life time
technical development is focussed
to ensure:
more flexibility (load changes)
reduction of minimal load
high availibilty and reliability
possibility of island operation

and fast cold start

VGB PowerTech e.V.|FOLIE 9

Skill challenges
less predictability and seasonal
variations and shut-down periods
flexible working hours schemes
variable areas of working with
different technologies

increased complexity

continuous learning and skill

enhancement

POWERTECH



German Training Center approach — Kraftwerksschule

POWERTECH

Business model of the German Power Plant Training Centre

Member 1 Course 1
BUDGET OF THE CENTRE

Member 2 ——> membership CoUrsa <«—— Course 2
fees fees

Member 3 —> <«—— Course 3

Member X / \ Course X

form the
association

The Kraftwerksschule is the benchmark for power plant training in Germany. The

training of operators is in the focus of the skill program.

onEnn



VGB Standards and Guidelines

Documentation of best practices, expertise and

lessons learnt
= not binding

= proven industry standard

= >300 standards, guidelines and instruction sheets, 100
available in English; 10-20 new/updated releases per year

Structure of a standard or guideline

= [ntroduction (technical basics and scientific

fundamentals)

= Technical details and recommendations (80 %

of the guideline)

= Literature and publications (mainly articles in

technical press)

= Related standards and norms (ASME, ISO,

VdTUV, DIN etc.
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Originators of the standard

POWERTECH

\V4A=1=

POWERTECH

\VGB-Standard

for Type, Operation and
Maintenance of Flue Gas
Desulphurisation Plants
(FGD)

VGB-Standard-5-015-2011-EN
First edition 2011

Putiisned by
VGE PowerTech a V.

To be oroered 3t

WiGE PowerTech Sanice GmbH

‘Weriag techrisch-atssenschatticher Soheiften
Postfach 10 39 32, 45039 Es5en

Tel. +48 204 $128-200

Fax +48 204 3125320

E-Mal: mamkgvgtuong
158N 978-3-86875-365-3

[ s

ANy reprocuction |s only penTitied with previous SWhorisaton by VGE.
WWW.¥gD.0rg

m core group of
oA experts (<15

ﬁ persons)
prepares the

document



VGB Standards and Guidelines: Example Electrical
POWERTECH

| AK EMA / WP Electrical Equipment
Bagert (E.ON), Emmerich (EnBW)

PG Generatoren / Generators
Bomba (E.ON), Dr. Lauter (Steag)

g ﬁ VGB-5-166 DE
PG QS Generatoren .
QM Generators [
\ @@ VGB-5-166 EN 05/2014

Revision VGB-S H2-Sicherheit Generatoren
Revision VGB-S H2-Safety generators ) @ Q VGB-5-165 08/2014

VGB-S Konservierung von Turbositzen Zuarbeit fur den Teil Generatoren

VGB-S Preserving of turbine sets Partial work for the section generators

VGB-5-XXX Leitfaden zur Qualitatssicherung Trafodl
PG Trafos / Transformers . , .
-—\ Start| Guide for Quality assurance of transformer oil

| stach (E.ON), Dr. Lauter {Steag)

PG Motoren + Frequenzumrichter (R168)
— Motors and frequency converters -—-\ ﬂ VGB-5-168 02/2014
Libke (enercity)

Betriebssicherheit in der ET
a Operational Safety EE \ ’\_hl VGB-S 164 02/2015
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(VGB-R 170) new: VGB-5-170

(R 170A) / VGB-5-170-10

aktuelle Themen der LT
current subjects in 1&C

=

(R1708) / VGB-5-170-20
Auslegungsstandards fir die LT
Design standards for [&C

R17T0O AD f VGB-5-170-10
weitere Richtlines und Normen
Further guidefines and standards
R170 Al f VGB-5-170-11
MaBnahmen zur Vermesdung und
Beherrschung von LT-Ausfallen
Measures for avosdance and
handling of [5C falures

=

R170 BO / VGE-5-170-21
Veorwort und Einleitung
Preface and intrduction

R17(:B1 / VGB-5-170-22
Automatsierungseinnchiung
Automabion equigment
RA70 B2 / VYGB-5-170-23
Automatsierungsfunktion
Automation function

R170 B3 / VGB-5-170-24
Bedien- und Beobachiung
Operation and menitosing

R170 B4 /WGB-5-170-25
Schnittstellen wnd Kopplung
Interfaces and integration

R170 B5 / VGB-5-170-26
Feldgeratevisualisierung
Field device visualsation
R170 B6 / VGB-5-170-27

Prajaktisrung und Dokumentation
Planming and documentatan

{R170C) / VGB-5-170-30
Betriebsgerechte
funkticnsbezogene
Dokumentation der
Kraftwerksleittechnik
Function-related
documentation of power
plant I&C in line with
aperation requirements

VGE-5-170-40
Auslegungsstandards
fiir die Feldtechnik
(Ubernahme und Anpassung
aus R123C)
Design standards for the
1&C field technologies
(takeower and revision
of R123 series)
=
VGB-5-170-41
| Mess- und Probenabmeleitungen
Impulse pipes and sampling lines
VGE-5-170-42
Entnahmestellen fir
verfahrenstechnische Messungen
- an Wasser- und Damplsystemen
Extraction point of process
measurements in
water-sleam-systems
VGB-5-170-43
Messtachnik
Measurement technolagies




VGB Standards — examples for thermal power plants

Engineering

Procurement &
Manufacturing

Construction &
Commissioning

POWERTECH

O&M

VGB-S-008
Recommendations for the
SIL classification of
safety-related systems
and systems in the water
circuit

VGB-S-010

Feed Water, Boiler Water
and Steam Quality for
Power Plants/Industrial
Plants

VGB-R170e

Design standards for
instrumentation and
control equipment

VGB-R455e
Cooling Water Guideline
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VGB-S-166

Quiality Assurance in the
Manufacture of
Generators

VGB-R101le

Guideline for Ordering
High-Capacity Steam
Boilers

VGB-R145e

Guide for Procurement of
Steam Turbine Plants,
Part A, Band C

VGB-S-013

Construction and
installation supervision in
the manufacture and
assembly of water-tube
boilers and associated
systems in thermal plants

VGB-S-513

Internal Cleaning of
Water-Tube Steam
Generating Plants and
Associated Pipework

VGB-S-504

Inspection and Testing of
Large Forgings and
Castings for Steam and
Gas Turbine Generators

VGB-S-506

Condition Monitoring and
Inspection of
Components of Steam
Boiler Plants, Pressure
Vessel Installations and
High-Pressure Water and
Steam Pipes

VGB-S-517

Guidelines for rating the
microstructural
composition and creep
rupture damage of creep-
resistant steel for high
pressure pipelines and
boiler components and
their weld connections

VGB-R167e
Overhaul recommenda-
tions for turbo-generators




VGB Standards — an example

POWERTECH

Example: Internal Cleaning of water-tube steam generating plants and
associated pipe-work issued in 2015 (revised version)

= aims at cleanliness of the inner
surfaces

= includes all kind of cleaning
procedures: flushing, acid cleaning,
blow through, alkaline boiling

= reflects recent experiences made in
comissioning of new built plants

o new materials are included like
Ni-based alloys and austenitic
steels

o completely revised chapter
about blow-through

o comprehensive quality and
preparing recommendations

VGB PowerTech e.V.|FOLIE 15

Metal release at 1 % HF and 60 °C after 2 hours

13CrMo4-5
X20CrMoV11-1
10CrMo?-10

Super 304H

16Mo3

VM12-SHC
X10CrWMoVNb9-2
X10CrMoVNb9-1
7CrMoVTiB 10-10
HR3C

Without Inhibitor 0,15 % Inhibitor

Best Practices in applying inhibitors during acid
cleaning



VGB Standards — overview of cleaning applications in new builts

POWERTECH

Life/RH
e Name of Nc'>. Unit Cap. Main Steam Stea‘m PalalEiG High speed
Company Units MW (gr.) @ Fuel Temp. Blowing flushing
(°C)
Germany Neurath F&G RWE Power 2 1100 LIG 595/605 Jul 12 X X
Germany Datteln 4 E.ON 1 1100 HC 600/620 ? X X
Germany Moorburg A-B \Vattenfall Europe 2 820 HC 600/610 2015 X X
Germany Boxberg R \Vattenfall Europe 1 675 LIG 600/605 Okt 12 X X
Germany GKM 9 ﬁ;snslfgf‘nf:"fék 1 911 HC | 600/610 | 2015 X X
Germany RDK8 EnBW 1 912 HC 600/620 2014 X X
Germany Walsum 10 STEAG/EVN 1 725 HC 610/620 Nov 13 X X
Germany Linen Trianel 1 750 HC 600/610 Jan 14 X X
Germany Wilhelmshaven GDF Suez 1 800 HC 600/610 Apr 14 X X
Germany Westfalen D&E RWE Generation 2 800 HC 600/610 | Sept 14 X X
Netherlands Eemshaven RWE Power 1 1600 HC 600/610 Jan 15 X X
Netherlands Maasvlakte Electrabel 1 750 HC 600/610 2013 X X
Netherlands Maasvlakte 3 E.ON Benelux 1 1100 HC 600/620 2015 X X
South Africa Medupi Eskom 6 4800 HC 600/620 2015 X X X
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Summary

POWERTECH

— Excellence in operation is a lot
about transparency of the plant
status.

— Modern 1&C equipment and
analyzing instruments are useful
tools to identify improvement
potential.

— To sustain the improvement
process benchmarking provides
useful information to assess own
performance.

Fleet management is a good way to optimize maintenance costs.
Guidelines and standards that are based on industrial best practices document
valuable experiences.

L

Transparency of the plant status, skilled personnel and the application of best practices

are key to excellence in O&M.
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POWERTECH

:n;}u//

cooperation
DEUTSCHE ZUSAMMENARBEIT

tHgdiq
Thank you

for your interest!

Contact:

Dr. Oliver Then / Dr. Claudia Weise
Power Plant Technologies
Deilbachtal 173

45257 Essen / Germany

Phone: +49 201 8128 250/ 335

Mobile:  +49 160 844 450

oliver.then@vaqb.org / claudia.weise@vagb.org

. veBPoweehewFouEi
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