& Combustion process and
N> flue gas cleaning device optimization

Combustion process where fuel is converted to heat is at the core of every fuel operated power plant. Fuel burning generates
particulate matter (PM) and the characteristics of the generated PM depend on the combustion conditions. These characteris-
tics can be used as a marker of the process parameters to optimize the fuel firing process. Dekati® PM Measurement Solutions
allow real-time analysis of the flue gas PM directly after the combustion zone to characterize the combustion generated parti-
cles and thus to optimize the process for minimal PM generation and therefore heat exchanger fouling.

After the combustion process, the emitted PM is typically removed by flue gas cleaning devices such as electrostatic precipita-
tors, baghouse filters and scrubbers. Dekati® Solutions are commonly used to determine the PM emissions from the plant, and
to optimize the operation and maintenance costs of the cleaning devices while keeping the overall emission at a low level. This
optimization is based on real-time PM concentration and size distribution measurement data from Dekati® Instrumentation that
allows easy and fast assessment of the effects of different operating parameters on the efficiency of the flue gas treatment sys-
tems.

Dekati® Technology

e Full PM measurement setups for any industry

¢ Real-time concentration and detailed size distribution measurements

o Simultaneous measurement of PM10, PM2.5, PM1 and below all the way down to ultrafine particle sizes
¢ Options for direct high-temperature measurement or measurement with a dilution system

Dekati® Technology allows to

¢ Optimize the combustion process for varying load conditions and low grade fuels
¢ Quickly adjust and optimize flue gas cleaning device power and water consumption vs. PM emission
¢ Acquire comprehensive data from short timescale measurements—no need for long term measurement campaigns
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DA‘ Combustion optimization

\‘EKATI through PM measurement

How to optimize combustion process parameters

Particulate matter (PM) is generated as a byproduct of a combustion process. The size, concentration and type of the gener-
ated PM depend, among other things, on how completely the fuel oxidizes and how much ash the fuel contains. There are
many factors that affect combustion process and the particles it generates including temperature, amount of available oxy-
gen, residence time and chemical composition of the fuel itself. Due to the complexity of the process, direct PM measure-
ment improves understanding on how different process parameters affect PM formation. After the link between process pa-
rameters and PM emissions is established, real-time PM measurements can be used to quickly optimize different aspects of
the combustion processes. Dekati offers complete PM measurement setups that allow determination of PM size distribution
and concentration in real-time. The measurements can be carried out from the flue gas channel directly after the combustion
zone. In addition to the real-time data, these methods allow chemical analysis of the collected particles to gain thorough un-
derstanding of the combustion process.
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Dekati® real-time PM measurement and data analysis tools allow:

Wide size distribution (6 nm—10 um) measurement in real time to assess all PM generated by the combustion process
Direct real-time measurement of combustion process parameter effects on PM size distribution

Better understanding of the processes that result in PM formation

Collection of size segregated PM samples for subsequent chemical characterization of the particles

Real-time measurement of heat exchanger fouling potential
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& ESP optimization

I:{‘EvKATI through PM measurement

Electrostatic precipitator ESP operation and its optimization

Electrostatic precipitator ESP operation is based on charging the particulates in the flue gas with high energy corona charg-
ing, and removing these charged particles with an electric field to collection plates. The collection efficiency of an ESP is
based on multiple factors such as PM resistivity, flue gas conditions, charging energy and PM size. ESP collection plates,
where majority of the PM is collected, are periodical-
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Dekati® Solutions

Dekati® PM Measurement Solutions allow direct determination of time and particle size resolved ESP particle removal efficien-
cy. This makes it possible to quickly find the optimal operation parameters for any type of ESP or WESP that maximize PM
removal efficiency while minimizing the ESP operation costs. These benefits are achieved through real-time measurement of
particle size distribution and concentration before and after the ESP or WESP. In addition to the particle removal efficiency
measurements, Dekati offers the only commercially available technology that can be used to directly measure size resolved
ESP or WESP charging efficiency. This information can be efficiently used to optimize ESP operation for different fuels and
flue gas conditions.
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Dekati® real-time PM measurement solutions allow:

e Measurement of PM size distribution and concentration from any source and any flue gas conditions

e Optimization of ESP rapping frequency vs. PM emission

¢ Optimization of ESP cleaning frequency vs. ESP power consumption

o Optimization of ESP charging efficiency for different fuels and flue gas conditions

¢ Generation of comprehensive data from short-timescale measurements—no need for long term measurement campaigns
¢ Minimizing emissions while controlling flue gas cleaning system maintenance and operation costs
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& Baghouse filter optimization
DEKATI
A\ through PM measurement

Baghouse filter operation and its optimization

Baghouse filter operation is based on forcing the flue gas through an array of fabric filter bags that separate most of the PM
from the gas phase. The filtration efficiency of a baghouse filter is based on multiple factors such as air flow, filter material,
filter area and the thickness of accumulated PM layer on the filter. The baghouse filter is periodically cleaned so that the col-
lected PM falls into a hopper from where it is removed.
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Dekati® Solutions

Dekati® PM Measurement Solutions allow direct determination of time and particle size resolved baghouse filter cleaning effi-
ciency. The instrumentation is designed for field work and can be easily transported to different measurement locations to
measure before and after the filter to determine size-resolved PM penetration. Measurements after the baghouse filter can
also be used as an indicator on how the filter operates and its effect on the overall PM penetration, and consequently help
identifying broken or damaged filter bags.

Dekati® real-time PM measurement solutions allow:

e Measurement of PM size distribution from ultrafine to coarse particles before and after baghouse filters

Optimization of baghouse cleaning frequency vs. PM emission

Optimization of baghouse cleaning frequency vs. maintenance interval

Optimization of baghouse cleaning frequency vs. pressure drop

Generation of comprehensive data from short timescale measurements—no need for long term measurement campaigns
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& Wet scrubber optimization
DEKATI
A\ through PM measurement

Wet scrubber operation and its optimization

Wet scrubber operation is based on “washing” the flue gas with sprayed water droplets which then scavenge the airborne
PM. The cleaning efficiency is based on the water droplet size, mixing and on the flue gas residence time inside the scrubber.
A water recirculation system removes the collected PM from the water before it is sprayed back into the scrubber.
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gas with sprayed water.

Dekati® Solutions

Dekati® PM Measurement Solutions are used to measure PM size distribution before and after the scrubber in order to deter-
mine the PM size dependent penetration curve. These instruments allow direct PM measurements even from variable sample
conditions including high humidity conditions that exist in the flu gas after a wet scrubber. Humidity and particle bound water
are subsequently removed within the measurement system to easily compare measurement results before and after the
scrubber. Real-time particle size distribution measurements after the wet scrubber additionally allow fast analysis on how
different scrubber operation parameters affect its PM removal efficiency.

Dekati® real-time PM measurement solutions allow:

¢ Real-time measurement of PM size distribution from ultrafine to coarse particles before and after the scrubber
e Optimization of scrubber cleaning efficiency vs. water consumption

¢ Quick analysis of scrubber operation parameter effects on size resolved PM penetration

e Measurements directly from fully saturated flue gas conditions
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Dﬁ%ATI Combustion process and
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Real-time measurement solution for medium to high concentration sources (~ >10mg/m3):
Real-time PM detection with a versatile flue gas dilution system

ELPI®+ for real-time particle concentration and size distribu-
tion measurement

Real-time PM measurement is based on the proprietary Electrical Low Pressure Impactor+
(ELPI®+) technology. The ELPI®+ is a unique, widely-used and well-characterized instru-
ment for real-time particle size distribution and concentration measurements in the parti-
cle size range of 6 nm - 10 um. Due to its wide operational particle size range, ELPI®+

can be used to measure particles in ultrafine -, fine - and coarse modes covering the com-
plete size range with only one measurement technique. ELPI®+ measures particle concen-
tration and size distribution in real-time at 10 Hz sampling rate enabling the detection of
rapid changes in the sample concentration and size distribution. Since ELPI®+ uses an
impactor for size classification, particles can also be analysed for chemical composition
after the real-time measurement.

Dekati® eDiluter™ Pro for versatile flue gas dilution

"""""" .
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As the concentrations especially before flue gas cleaning systems can be very
high, dilution is often needed before the measurement instrumentation. Flue gas
dilution system is the Dekati® eDiluter™ Pro, the latest Dekati development in the
field of combustion sample conditioning. The Dekati® eDiluter™ Pro combines
versatility with unmatched ease of use through an intuitive user interface and auto-
mated software features. Dilution is carried out in two stages, with the possibility to
accurately control the first dilution stage temperature. The dilution stages are ejector diluters with an innovative sheath air flow
designed to reduce particle losses in the diluter to a negligible level. Stack measurement accessories include a heated probe,
isokinetic nozzles and a heated in- or out-stack cyclone.

Dekati® eDiluter™ Pro and ELPI®+ for high concentration source measurements

e Complete measurement setup with versatile dilution system and real-time particle detection
¢ Real-time PM mass and number concentration with up to 10 Hz sampling rate

e Real-time number and mass size distributions from 0.006 ym to 10 ym

¢ Real-time simultaneous PM10, PM 2.5 and PM1 measurement

¢ Only commercially available technique to measure ESP or WESP charging efficiency

o Adjustable dilution factor between 1:25 and 1:225 for a wide range of PM concentrations

o Adjustable first stage dilution temperature (ambient to 400 °C) allows measurement of either primary or
primary + secondary PM emissions
o eDiluter™ Pro’s high diluted sample output (~100lpm) allows operation of multiple measurement instruments at the same time

Accessories

e Heated sampling line (1.5 or 3 m versions available) can be used between the source and the dilution system to transport the
sample. The temperature is controlled with the eDiluter™ additional, integrated temperature controller.

o Heated probe to take the sample from the source, max 600 °C

¢ Isokinetic sampling nozzles

o Dekati® Cyclone to remove >10 um from the sample, to be connected in front of the sampling line. Heaters available for heat-
ing the cyclone
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Dﬁ%ATI Combustion process and
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Real-time PM measurement solution for low concentration sources:
HT-ELPI®+ for real-time PM measurement directly at sample temperature without dilution

Modern power plants with high efficiency flue gas treatment systems
(e.g. WESPs) and plants that use oil or natural gas as fuel generally
emit very low levels of PM. Depending of the flue gas treatment sys-
tem, the gas may also be saturated with water at the sampling point.
In these conditions, it is preferable to avoid dilution and to measure
the PM directly at or slightly above the flue gas temperature.

Dekati® High Temperature Electrical Low Pressure Impactor+ (HT-
ELPI®+) is a unique instrument that allows direct PM measurement
from high temperature sources. HT-ELPI®+ works on the same pro-
prietary operation principle as the ELPI®+ instrument. The main differ-
ence between the ELPI®+ and HT-ELPI®+ systems is that the entire
measurement column of the HT-ELPI®+ can be heated up to 180 °C
enabling direct measurement of high temperature particle samples.
Otherwise the HT-ELPI®+ has all the benefits of the ELPI®+ system:

o Real-time particle size distribution and concentration measurement
o Particle size range of 6 nm - 10 ym in real-time
¢ 10 Hz sampling rate to enable detection of rapid changes in the sample concentration and size distribution

The setup of the HT-ELPI®+ for stack emission measurements is very simple; a heated probe extracts the sample from the flue
gas stack and the sample is then led via a heated transfer line to the HT-ELPI®+ unit. Different size probes, isokinetic nozzles
and cyclones are available from Dekati to suit any size stack.

HT-ELPI®+ for low concentration source measurements

o Real-time PM mass and number concentration with up to 10 Hz sampling
rate

o Real-time number and mass size distributions from 0.006 ym to 10 pm

e Real-time simultaneous PM10, PM 2.5 and PM1 measurement

o Direct measurement at flue gas temperature up to 180 °C - sensitive to
mass concentrations from 0.01 mg/m?®

o Only commercially available technique to measure ESP or WESP charging
efficiency

o Simple and easy to use setup for stack measurements, only electricity
needed at measurement site

o Stack measurement accessories include heated probes, isokinetic nozzles
and cyclones—everything that is needed for stack measurements
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» Dekati Ltd. is a world leader in designing and manufactu-
ring innovative fine particle measurement solutions. We
have over 25 years of experience in providing measurement 1S0 9001
instruments and complete measurement solutions to a wide

variety of environments and sample conditions. All Dekati® BUBEAU_VERITAS
Products are developed and manufactured in Finland and Certification
are available with up to five-year warranty.
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