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SCR Basics

Selective Catalytic
Reduction (SCR) is the
orocess of removing NOx
O and NO,) out of the
e gas stream by injecting
onia (NH;) into the flue
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ey Performance Parameters

The “SCR” system usually consists of CO catalyst, in addition to the SCR system.

ypical Performance Parameters

Stack Requirements
co ppmvd @ 15% 02 2-10
NOx ppmvd @ 15% 02

Ammonia Slip ppmvd @ 15% 02

VOC ppmvd @ 15% 02
System Design Requirements

CO Catalyst Pressure Drop in. w.c. 1-2
SCR Catalyst Pressure Drop in. w.c. 2-4
NH3/NOx Distribution %RMS 5-10
Catalyst Life Hours 8,000 - 50,000




SCR Location in HRSG

L AIG and Catalyst typically located in HRSG where temperature is 550 - 750F
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Ammonia Injection Grid

L AIG used to distribute ammonia/air mixture
into exhaust flue, upstream of SCR catalyst

Ll Located downstream of CO catalyst

* Otherwise CO catalyst would oxidize ammonia and
convert to NOx

AlG designed so that it can be tuned

* Tuning should not be necessary if the system is
properly design and modeled
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Design — The need for good ammonia distribution

Poor NH,/NOx distribution can significantly impact NH; slip

s shown, the better (lower %RMS) the NH,/NOx distribution, t
er the overall ammonia slip (and ammonia usage)

NH;/NOx Distribution, %RMS
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Key Performance Parameters

Ammonia Slip...

e NOx and CO can be fairly straightforward to meet, but ammonia slip can be

difficult to maintain
“Overfeeding” ammonia can usually drive the NOx down to required limits,

but ammonia slip will go up.
Ammonia slip is either periodically tested, or continuously monitored.

igh ammonia slip can result in...
» Ammonia emissions exceedances

- High (wasted) ammonia usage
Downstream HRSG fouling

NH,/NOx and/or gas flow distribution

an - \-A‘- FOBUM -

WITH BOB ANDERSON o
 OLUTIONS




AIG Tuning

= Tuning performed by measuring NOx and O, at the inlet and

outlet of SCR catalyst, as well as NH3 slip at the SCR catalyst
outlet

= Can be done using a permanent test grid which are sometimes
supplied in new units. =
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AlG Tuning — Top Traverse Test Method

=  When a permanent test grid is not available, SCR Solutions

utilizes a unigue method to test using roof test ports or sky
climber ports

=  Flexible weighted probe is dropped down through the HRSG at
specified elevations
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AIG Tuning — Top Traverse Method

Advantages

= Eliminates the need to add a costly
permanent grid

= Qutage time
=  Materials
= Scaffolding (inside and out)

= Full traverse (inlet and outlet) typically
takes 3-4 hours

=  Using FTIR (EPA Method 320), ammonia
slip can be measured at any and all points

Ideal for Combined Cycle Units
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AIG Tuning — Top Traverse Method
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CASE STUDY #1

A Southwest US plant consists of two Siemens 501F gas turbinesina 2 on 1
combined cycle configuration for a total plant output of 490MW.
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gh Pressure Drop Downstream of SCR

ince startup in 2000, the HRSG’s experienced high pressure drop in HP/IP
conomizer tubes (Module #5).

1/4/2017 4:59:01 PM 70 psig
484 MW | 324 degF
60DEGF 52% 3.06inHg 1698 psig
619 deg F 359 psig H
441deg F
HRSG 1 é’ e 42914 KSCFH
9941 % 64 psig

351 psi
10,564 mmBTU/KW 615§:§'F 598 deg F

pall =

17.0 . X X ik 1.03 in H20|

228 deg F

1612 psig
1043 deg F
334 psig
1037 deg F
D

L 17.97 17.62
155 MW
20.38 in H2O

1117 deg F

Module 1 4 5 K HOT COLD
HP 3.85 X . . 2.15 6.79 187 InH20 650 10.78
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High Pressure Drop Downstream of SCR

The cause of the high pressure drop was due to ammonium bisulfate (ABS)
buildup within the tube bundle, due to high ammonia slip from the SCR.
The units have to be cleaned annually, but the pressure drop always
increased again after cleaning.

Heavy ABS Buildup on
HP/IP Economizer tubes




L
AlG Tuning Performed

The customer contracted with SCR Solutions personnel to perform

ammonia injection grid (AIG) tuning. The Top Traverse Test Method was
used to measure NOx and ammonia distribution.
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AlG Tuning Performed

AlG Tuning was attempted but improvements were only small. There was more to
the problem....
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D Modeling

3sed on our recommendations, the customer contracted with us to

rform computational fluid dynamics (CFD) modeling to determine the
se of the poor distribution, and make changes to the system a
ired
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AlIG Design

The original AlG design was located 4 ft. downstream of CO catalyst, in an
expanding section of the flue towards the SCR catalyst. There is also a large
baffle at the base of the CO catalyst bed. CFD modeling confirmed that ammonia
was concentrating heavily along the side walls, and top and bottom corners of
the reactor.
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FD Modeling

The CFD results confirmed the poor ammonia distribution measured in the field.
It showed that the AIG design itself was creating the poor distribution with high

concentrations along the sides of the catalyst bed.

Ammeonia Distribution - 127 Upstream SCR Cat.
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FD Modeling

he CFD modeling also showed poor ammonia dispersion (mixing) across
he face of the SCR

Baseline

Ammonia Distribution - SCR Catalyst Face

concentra
which are

<0.50 0.70 0.90 1.10 130
MNormalized Ammonia Concentration
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Revised AIG Design

CFD Modeling showed that the location of the AIG needed to be changed, and
moved further upstream, closer to the CO catalyst

New AIG Moved Upstream 3 ft.

\

Existing AlG
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evised AIG Design

CFD Modeling showed that adding a baffle to the upstream side of the newly
located AIG greatly improved the local mixing

/ New Mixing Baffles

Nva

1

FLOW DIRECTION

<0.50 070 0.90 1.10 1.30 =150
Normalized Ammonia Concentration
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Revised AIG Design

New AIG design, with mixing baffles, was finalized with CFD modeling

Mixing Baffles
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inal CFD Modeling Results

New AIG design, CFD model results showed significant improvement in ammonia
distribution, with a minimal increase in pressure drop

Parameter Baseline AIG Final (New) AIG

Ammonia
Distribution

Maximum Deviation
from Avg.

Minimum Deviation
from Avg.

Pressure Drop

Final Design

= 0.50 0.70 0.90 1.10 1.20 =>1.50
Normalized Ammaonia Concentration
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AlG Retrofit

After CFD modeling was completed, we were awarded the design, supply

and installation contract for removing the old AIG and installing the new
design

After the CFD modeling was completed, we had 4 weeks to...

Design the new AIG

elect a fabrication shop, procure materials and fabricate the new Al
0 the new AIG to the jobsite

and secure an installation contractor
labor to jobsite

ooth units in a two (2) week outage
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AIG Design

Using 3D modeling, demolition of the old AIG was coordinated with the design of
the new AIG

New center
support column

Existing wall
penetrations were
reused, and new
piping was added
for new AIG
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fabrication drawings were generated
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AlG Fabrication

From the 3D model, fabrication drawings were generated and the new AIG and
support members were fabricated

New AIG Lances New Center Columns
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AlG Installation
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AlG Installation

Installation Completed one day ahead of schedule
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)perating Data After Startup

After the outage was completed, initial startup data showed significant
reduction in ammonia flow, indicating a reduction in ammonia slip.

Parameter

Ammonia Flow Before Retrofit Ib/hr
Ammonia Flow After Retrofit Ib/hr

Reduction Ib/hr

Calculated NH, Slip Before

o)
Retrofit ppmvd@15% 02

Calculated NH, Slip After

o)
Retrofit ppmvd@15% 02

Reduction ppmvd@15% 02
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Recent Customer Feedback

= “New AIG looks great. No issues to note. ”

= “NOx control has improved, and ammonia usage has decreased
15-25%, depending on load and other conditions.”

= “Ammonia salt formation appears to have dropped off
significantly. We cleaned the tubes this outage and removed
less than half of the debris we typically encounter. We ran half
of the last year without the new AIG, so this makes perfect
sense. The cleaning crew recommended we either skip the next
cleaning or reduce the scope next year. ”

= “l again want to thank you for all of the work you put into our
project and let you know that it appears to be a great success.”
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CASE STUDY #2

A Northeast plant consists of one
Siemens 501D gas turbineinalonl
combined cycle configuration

* Installed in 1994

e Total Plant Output 204MW

e HRSG with SCR

* Replacement Dual-Function Catalyst
installed in 2019
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Plant Background

Due to other unit upgrades, the emissions requirements for the plant were
ratcheted down to aggressive new levels...

New

Parameter Old Requirement .
Requirement

CcO ppmvd @ 15% 02
NOx ppmvd @ 15% 02
Ammonia Slip ppmvd @ 15% 02

nction catalyst was added in the Spring 2019 o
esigned for the above requirements.
ew limits of the permit for N
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NH,/NOx Distribution Testing

The Top Traverse Test Method was utilized using the sky climber ports on top of
the HRSG, upstream and downstream from the SCR catalyst

Ports Used for
Measurements
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H,;/NOx Distribution Testing

step in determining INLEY
FRRTS
formance was
ated was to
raverse at the

points at
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H;/NOx Distribution Testing Results

seline (Existing) Field Testing
ults showed poor NH,/NOx CALCULATED “:f:i‘l‘i‘::""""““"
ibution at the SCR catalyst

B C D

0.869 | 0.883 1.028

1.006 1.034

ing was attempted, but
uccessful

e results, an

Averages

Std Dev=

% RMS=
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FD Modeling

sed on the NH,/NOx distribution testing and the internal inspection,
e client elected to go with CFD modeling of the system to address poor NH,/NC
tribution.
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etailed model included:

Simulated 501D exhaust profile
All tube banks and pressure drops

ct Burners
sting AIG and catalyst
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D Modeling

WPPORT BRACKET (TTP]
15EE @/ 30D0-31
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CFD Modeling

AlG Support System had significant blockage

 Vertical C-Channels
e Horizontal tube steel

Blockages added to poor NH; distribution at
catalyst...
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FD Modeling

NH,/NOx Distribution: 26.4% RMS (all CFD points)

Causes of poor distributi

1. Vertical support
(C-channels)
Horizontal tu
Poor distri
each |

4. P
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MNormmalized Ammonia Concentration
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CFD Modeling

B ctraam of AlG SCR Catalyst Inlet Face
(5" Downstream of AlG)

Note “stripes” of
ammonia which still
remain at catalyst,
indicating lack of
mixing
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FD Modeling vs Field Test Data

CFD NH,/NOx Distribution:

e All CFD Points: 26.4% RMS
e 50 Points: 18.2% RMS

Field Test NH,/NOx Distribution:

e 50 Points: 19.1 % RMS

CFD modeling provi

MNormmalized Ammonia Concentration
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CFD Modeling for New Design

= o ==cI
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New AIG Design

1.

™

Enters from both sides of unit
(16 zones)

No major structural supports
Improved lance/hole design
Move 18” upstream from
existing AlG

Better local mixing




FD Modeling for New Design

CFD Modeling showed that adding a baffle to the upstream side of the newly
ocated AIG greatly improved the local mixing

New Mixing Baffles

<050 070 0.90 1.10 1.30

Normalized Ammonia Concentration

> 1.50

LANCE DETAIL



FD Modeling for New Design

CFD NH,/NOx Distribution:

e All CFD Points: 5.7% RMS
e 50 Points: 5.8% RMS

Results were excellent and
target of 10% RMS
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Turnkey Retrofit — Installation

R Solutions worked with SVI Dynamics for the new AIG installation...
ope of supply:

Demolition of old exterior AIG piping
>moval of SCR catalyst modules
molition of old AIG and catalyst support structure
lation of new catalyst support structure and seals
ation of new AIG and center support
on of new external piping and supports
1t of SCR catalyst modules

15-day outage, working 2x 12-ho

WITH BOB ANDERSON




Turnkey Retrofit — Installation
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dost-Retrofit Test Results

following post-retrofit Control Room results were obtained (based on CEM’s)

IR T T T

ppmvd @ 15% 02 ~0.5
NOXx ppmvd @ 15% 02 ~1.7
Ammonia Slip ppmvd @ 15% 02 ~0.8

esults easily achieved
ins for operational changes (higher GT NO
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H;/NOx Distribution Testing Results

st-retrofit Field Testing
U Its Showed exce”ent CALCULATED NH3/NOx Ratio - ELEVATION VIEW
/NOXx distribution at the SCR Gas Flow Into Page

Zone Avg

0.97

.06%

g was not required

Averages 1.01

Averaged
Std Dev=
% RMS=
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omparison of CFD and Field Results

ellent agreement between CFD and field results

CALCULATED NH3/NOx Ratio - ELEVATION VIEW
Gas Flow Into Page

CFD RESULTS MH3/MOx Ratio - ELEVATION VIEW
Gas Flow Into Page

Zone Avg Zone Avg

=
(=]

0.97

0.98

LT CPC T - N = O I = - B I

Averages . i Averages A i 0.98

Averaged 0.96 Averages (.96
Std Dev=| 0.06 Std Dev=| 0.06

%2 RMS=| 6.06 % RMS=| 5.82

Field Test Results - April 3, 2020 CFD Results - Final Design
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Thank You!!
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SCR Solutions LLC
Clinton, NJ USA
WWW.SCr-nox.com

Combined Cycle/Simple Cycle SCR Optimization

Coal-Fired Boiler SCR Optimization
AIG Tuning
NH,/NOx Distribution Testing
R System Inspections
1d SCR Catalyst Management and Testing
lodeling (CFD and Physical)
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http://www.scr-nox.com/
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