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1 Introduction

The two older coal fired boilers #2 and #4 at the AsnaggePstation are not equipped with
flue gas desulphurization equipment. Therefasthe latestemission requirements of the EU
Large CombustiorPlant Directive cannot be mehe two units can no longer be operated.
The plant owner DONG ikergy has decidetb install anew FGD planto treat the flue gas
from the 147 MWeUnit 2 while Unit 4 has beemothballed Onedesign criter for the new
Unit 2 FGD has been thatjith only minor modificationsthe systermustbe able to treat the

effluents from a poskie futureupgrade of thd00 MWe Unit 4.

Focusby the client has been on a simple though reliable low cost sohutiba short project

execution timeof 23 months

Among other things this scrubber will be the first outd6@D plant fora Danish utiliy

boiler and also the firfdanishFGD with a wet stack.

To overcome th@ressure drop of the FGD systemnewbooster fan will benstalledin the
A position upstream the FG[outside the scope of the FGD supplyhere will be no by
pass systerand tre treated flue gas will be led directly finothe FGD to thevet stack(also
outside the FGD scopw®jithout reheating

At the absorber outlethere will be an empty casing for a possible future flue gas reheater to
be installed The Jet Bubbling React¢ddBR) itself plus mist eliminator and reheater casing
will be made offlaked glasdined carbon steel, the flue gas cooling inlet section wilinaele

of solid HastelloyC276, and thelean gasluct will bemade ofFRP.

2 The CT-121 jet bubbling process

The heart of the piess is the Jet Bubbling React@BR). As opposed to thepray towers
flue gasis dispersedwhen introduced to the absorbent slurttyrough submeged sparger



tubes The SQ absorption occuras the dispersed bubbles tratrebugh the eaction zone of
theJBR

The untreatedue gas, adiabaticalljuencledin the gas coolerenters the JBRnlet plenum,
then flows down through thgas spargetubes andinto the jet bubbling zoneThe liquid
submergence in the JBR is 100 to 500 mm Worder to ensure reliable FGD operation

completesatuation of the flue gas in thgas coolers a key design parameter.
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Figure 1 Schematics of the CT21 EtBubbling Reactor

The CT-121 FGD process is a wet limestone gypsum process. Oxygen necesszigize
bisulphite for bisulphates supplied from oxidation air blows and is distributed irthe
reaction zone of the JBRrough a setf air nozzlesWater is injected into each oxidation air
line just before it enters the JBR tuench anchumidify the air effectively prevening
scalingformation at the oxidation alance tips

Limestone slurry is injected into the JBR reaction zone through a set of nozzles to form

gypsum and to maintain the absorber slurry pH at a constant level.

Flue gas leavinghe froth zone passes upward through the gas risers into the outlet plenum.

From here the gas flows through the mist eliminator to the stack.
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Figure 2 CT-121 chemical reactions

The Asnaessquare shapedBR is equipped witha singletop-entry agitator @ suspend
gypsum and tdlistributefreshoxidation airand limestonen the reactiorzone.JBRs can be
rectangular or circular. For this projegtsquare design was choserntdis the limited space

available and as this geometry allows folarge degre of preassembly anén easy final

erection.

3 Design and rformance data for the ASV2 FGD

Performancealatavalid for Unit 2 as well agor Unit 4 operation are summarizéd Table 1

below:

Parameter Unit

SOx-removal efficiency % O 98
SO+S0Os-emissia (as SQ) | mg/NnT (d, 6% Q) <135
Particulate emission mg/NnT (d, 6% Q) <20
Gypsumpurity %, weight(dry) > 95
Gypsum moisture %, weight <10




Table 1 Asnaes 2 4 JBR performance data

4 Integration with the existing Unit 5 FGD

The Asnaes MMWe Unit 5 has been equipped with an FGD systenthe lastl5 years
Experience has shown that #esting auxiliarysystems for limestone slurry preparation and
gypsum dewatering have considerable excess capacity. In order to capitalize on this asset
was a requirement from DONG Energy that tHait 5 FGD limestone slurrypreparation
system should also service the newit 2 FGD, andthatthe Unit 2 dewatering equipment
should be closely integrated with thimit 5 dewatering system so that the redundasfaye

Unit 5 FGD system could also be utilized by tbiait 2 FGD. Furthermore the existitgnit 5

hold-up tankwill also service thaewFGD unit during revision periods

5 Plant layout, integration with existing structures

As is normally the casehen rerofitting existing plantsthe amount of space available for the
new equipment was a major concern. In this case the situation was further complicated by the

fact that space should also be reserved for the future upgfdmteler Unit 4.

It became cleathat the different subsystems of the FGD would have tonbtlled in
different areas of theite. Space for the JBRas found next to thetack. Here a workshop
couldbe demolished, and the JB®uld then find a tightit between a&teampipe bridge and

a statiorroad carrying a substantial amount of traffic.

The Unit 2 FGD dewatering equipment will be placed next to the Unit 5 dewatering system in
the existing dewatering building. The Unit 2 gypsumpogduct will go to the existing

gypsum storage.



There will be no separate limestone slurry preparation system for FGD Unit 2. Instead the
Unit 2 limestone dosing pumps will be connected directly to the Unit 5 limestone slurry tank
and take absorbent from this system. Consequently filtrate from the B&@D will have to

be led to the Unit 5 limestone preparation system in order to maintain the water balance.

Figure 3 Cut view of the JBR with auxiliary installations

As the existinghold-up tankwill also be used fothe service of theUnit 2 FGD, it has not
been necessary to find space fdwéd-up tank for the new FGD.

The JBR will be placed with some distancebtath boiler Unit 2 and boiler Unit 4. As a
consequence of the distance and thstrictedlay out the flue gas duaoig around the
absorler has become compdited asndicated by figure 4
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Figure4 Sketch of JBR inlet and outlet ducts

6 CFD modeling as a tool for duct design

In order toensure reliable FGD operatioih is important that the flue gas is fully saturated
with water when etering the spargetubes. The saturatiomccursin the inlet gas cooler
which is an integral part of th€T-121 FGD system. Absorbeslurry is extracted from the
JBR by the gas cooling pumps and sprayed intoghe cooleithroughatomizationnozzles
arrangedin two sections of nozzle hdars. A condition for the optimélinctioning of the gas

cooler isan everflue gas distribubn over thegas cooler crossection.

Theduct routing dictated by the layout restrictions (Bgere 4) could lead to a veryneven
flow profile in the gas coolemwhereashe gas flow at the battery limit is quite even as the gas
from the booster fan outlet passes a silencer and then flows to the supply limit in a long

straightductsection

It was decidedo use either ayuide vane systenor a perforated platéo ensure a good
distribution. An experienced comtant company was hired fwerforma CFD study of thee

options.



Figure5 Velocity plot at the duct centrehorizontal plane upstream othe Gas Cooling
Section, m/s

As a result of the studya solution based on the installation of three guide vaassbeen
implemented The resulting flow profile as well as the geometry of the guide iarsg®wn

in figure 5. Guide vanes were preferred to the perforated plate soksidime pressure loss of

the guide vane system is considerably lower, and in fact lower than the pressure loss of the

duct bend without any flow straightening device.

The performance omist eliminatorsalsodepend on the flow profile.This part of the syem
was therefore alsoanalyzed by CFD and a system of guide vanes upstream the mist

eliminators was designead ensure a proper flow distribution

7 Considerations regarding a future upgrade from 147 to 400 MW

The wide load pattern specified for the n@snaes FGD has raised a number of design issues
to be addressed. In the futudnit 4 configuration the FGDwill be capable of handling
appoximately1,100,000 Nrivh of flue gas. The full load gas flow Wnit 2 operation will be



