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P EMW Question before we start:

filtertechnik

What's your present employment field,;
What do you expect from this session?

* Gas Turbine Operators

* Maintenance Managers

* Station Managers

* Sales Managers

¢ Technical Department Managers

Have you ever seen the Air Flow of a Gas
Turbine during Opertion?
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P EMW Agenda

filtertechnik

Introduction

Air Flow and Degradation Effects

Airborn Dust and Particle Measurement (PM10 / PM2,5)

Filter dp-Evaluation and Efficiency Test of used Fil  ters

Air Filter System Efficiency Calculation Tool

Degradation Cost Calculation Tool
Questions & Answers
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P EMW Gas Turbine and CCPP

filtertechnik Degradation

Rhein fall = 150m wide
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EMW Performance Improvement means
filtertechnik Minimizing of Degradation/Losses

Ageing

Recoverable
by inspection

Turbine / HRSG

Compressor

Recoverable Compressor
fouling can be reduced by

more efficient air filtration

and partially by on / off-line
washing
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P EMW Degradation Effects —

iertechnik ~ dp-INCrease/compressor blade fouling

Performance of gas turbines degrade over time
( power output; efficiency; heat rate)

There are two important factors responsible for the
degradation rate of a gas turbine:

»Pressure loss over the air intake system

»Fouling of the compressor blades by the local

contaminants/deposits which penetrated through
the installed air filters
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filtertechnik

Power loss

0.25 %

0.20 %

0.15 %

0.10 %

0.05 %

A

G4 / F8 / E11 filter system

G4 / F8 filtersystem

Effect of different Filters

t Dp-AIT

— 700 Pa

— 650 Pa

— 600 Pa

— 550 Pa

200 Pa

Operating hours
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’ EMw Compressor design and operation
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dp - total

1

Compressor

operation chart

2 | Compressor
operation line

w/o Filters

_—

&

Compressor design
operation point

\ 4

Compressor operation
point w. clean filters

______\__________________

a

dp — clean filters

\ dp — dirty filters

\ 4

Volume flow
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Compressor operation
point w. dirty filters
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filtertechnik

Alstom
GT11N2
GT24

GE

7HA.O01
7HA.02
Mitsubushi
M501
Siemens
V64.3A
SGT6-5000F
SGT6-8000H

Specific Load of Gas Turbines

Volume flow
[m3/s]

312
331

453
244

364
150

354
472

GPO
[MW]

113
173

275
330

189
65

187
274
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Specific load
[KW/m3 air]

361
523

607/
607/

519
433

528
581
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' EMW Particles and Dust

filtertechnik

Airborne particles,
the main ingredient of haze, smoke, airborne

dust and salt, present serious air quality
problems in many areas of the United States and
around the world. This particle pollution can
occur year-round, will fluctuate according to the
ocal weather conditions and it can cause serious
oroblems to the industry and health problems to
numans even at concentrations found in many

major cities.
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PM10 Dust load measurements

filtertechnik

Values at South Bangkok Power Plant Samut Prakarn
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Concentration, ug/ma3

filtert

echnik
FMTO Al Quality, 1990 - 2013

tannual 2nd Maximum 24-Hour Average)
Mational Trend based on 207 Sites
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Cancentration, ug/ma3

EMW PM25 Air Quality USA [ug/m?]

filtertechnik

PMZ.5 Alr Quality, 2000 - 2013

(measonally-Weighted Annual Average)
Mational Trend based on 237 Sites

i
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200010 2013 ;0 34% decrease in Mational Average
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P.EMW Environmental Impact Summary

filtertechnik

» Environmental dust concentrations are strongly
fluctuating with place, time, season, “events”.

» Local deviations from “normal” particle size
distributions can be detected.

» The number of coarse particles in air is reduced
while number of submicron particles increase.

» Following the trend to smaller particle emissions,
EPA- filtration will become more important.

PGNG Aug 18-20, 2015, OHIO 17



’ EMW Particles size and surface

filtertechnik

Total volume always: 1000 ym?

10 pm

Total Total Surface: = ;%
Surface: 1200 pm? e
600 pum? m 1P

Total Surface: 2400 um?

PGNG Aug 18-20, 2015, OHIO 18



' EMW Van der Waal forces In action

filtertechnik
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P EMW Fine dust settling velocity in Air

filtertechnik

The settling velocity in air of some fine dust
particles at an air speed of 1 m/s:

» 50 um particles
» 20 pym particles
» 10 Jm particles
» 2 MJm particles

» 1 pJm particles

PGNG Aug 18-20, 2015, OHIO

500 mm/s
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0.03 mm/s
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I& EMW Air pollution visible

filtertechnik

Particlas contribute to haze, such as this brown haze over Boston.

PGNG Aug 18-20, 2015, OHIO 21
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' EMW Original Air Filter Installation

filtertechnik

Before Upgrade:
Power Output loss -3.07%
Heat Rate loss + 1.36%

L
L |
_ T

F7- Flnfllter
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P EMW Viewto VIGV (original system)

filtertechnik

After 04 months operation After 11 months operation
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F EMW Original Air Filter - dp

filtertechnik compared to the new AFS

Initial dp [Pa]
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r. EMW Improved Air Filter Installation

filtertechnik

Before Upgrade:
Power Output loss
Heat Rate loss

H12-Finefilter

I

F8-refilter RF
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' EMW View to VIGV
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PO Improvement
after 5952h HEPA operation
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PO and HR Improvement
after 5952h HEPA operation
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GT Efficiency Comparison

GT Compressor Efficiency Comparison
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P EMW CCPP PO-Comparison
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CCPP PO-Comparison
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CCPP Heat Rate Comparison
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CCPP HR-Comparison
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E Mw Filter Efficiency Test

filtertechnik after 8000h operation
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E Mw Filter Efficiency Test after 8000 OH
filtortechnik operation @ 3900 m 3/h volume flow
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’ E Mw Tested efficiency after 8000 OH
filtertechnik @ 3900 m3/h volume flow
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P EMW cCalculation Tool AFS-Efficiency
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Raminagl AIT wolume Tow

Expected dust ioad PMET

Hi.ﬂlug.n'm‘

Power Station Air quality and Filter Efficiency Calcufation (valid @ 3400 m?/h/FE]

Expected dust load;
kp'vear

Mominal volume fow!

Walume Now sl

[ 025 IS

Seamiens Vo4,30

Expacted r_
or

of PMAD dust will penetrite
to the compressor and downwards

Compressor
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P EMW Summary
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All power stations around the world have to cope
with degradation issues.

One of the most important topics for Gas Turbine and
Combined Cycle power plants in the field of
deterioration and degradation Is the compressor

fou
The 0

Ing.
esign of an appropriate Air Intake System

INC

uding efficient working Air Filters are eminently

to reduce the compressor fouling by particle
pollution and increase the profitability.
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See you at booth # 715 in the Exhibition Hall

naturalgas
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