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Disclaimer

“This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of ther
employees, makes any warranty, express or implied, or assumes any legd ligbility or
responsbility for the accuracy, completeness, or ussfulness of ay information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercia product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily conditute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily date or reflect those of the United

States Government or any agency thereof.”



Abstract

This is the third Quarterly Technical Report for DOE Cooperative Agreement No: DE-FC26-
OONT41047. The goa of the project is to develop and demonstrate a computational workbench
for dmulaing the peformance of Vison 21 Power Plant Sysems. To demondrate the
capabilities of the workbench and identify software design improvements, the Year One effort is
focused on developing a prototype workbench for the DOE Low Emission Boiler System
(LEBS) Proof of Concept (POC) design. During the last quarter good progress has been made.
An “dpha’ verson of the prototype workbench for the LEBS POC is available for use. A project
meeting was hdd with DOE personnd involved with Vison 21 to present an overview of current
project satus and to outline future work.
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Executive Summary

The work to be conducted in this project received funding from the Department of Energy under
Cooperative Agreement No: DE-FC26-00NT41047. This project has a period of performance
that started October 1, 2000 and continues through September 30, 2003.

The god of the project is to develop and demongrate a computationa workbench for smulating
the performance of Vison 21 Power Plant Sysems. The Year One effort is focusng on
developing a prototype workbench for the DOE Low Emisson Boiler System (LEBS) Proof of
Concept (POC) desgn. The LEBS prototype workbench will include the boiler (furnace and
steam-sde), particulate collection and Selective Catdytic Reduction (SCR) systems. LEBS is a
sygtem with which we are familiar and thus provides the opportunity to demondrate the

capabilities of the workbench and identify software design improvements before starting work on
the Vision 21 workbench.

The main accomplishments during the last three months include:
An “dpha’ versgon of the prototype workbench has been assembled and is being tested;
Completed integration into the workbench of the GLACIER CFD furnace modd and
reactor models for the SCR and baghouse;;
Acquisition of the source code for an ESP mode!;
Continued enhancement of the infrastructure within the SCIRun software system that is
being used as the platform to create our computationa workbench;
Meeting with DOE to discuss project status and REI plans for developing component
models to be used to Smulate aVision 21 energyplex.

Each of these topicsis discussed in the following sections.
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Experimental Methods

Within this section we present brief discussons on the many sub-tasks that must be addressed in
developing the workbench. For smplicity, the discusson items are presented in the order of the
Tasks as outlined in our detailed Work Plan.

Task 1—Program Management

On May 14-16, 2001 members of the project team attended the 16" Internationad Conference on
Fluidized Bed Combustion hed in Reno, Nevada. Attending this bi-annuad meeting provided the
opportunity to review many “applied research” projects and determine the State-of-the practice
for modding fluidized bed systems for power generation applications.

On June 4-7, 2001 members of the project team attended the ASME International Joint Power
Generation Conference 2001 held in New Orleans, Louisana. The purpose in attending the
conference was to paticipate in a Pand Sesson for the DOE Vison 21 program. The sesson
was organized by Dr. Lary Ruth, the DOE Vison 21 Program Manager. REI made a short
presentation that provided meeting attendees an overview of our Vison 21 project.

On June 26, 2001 members of the project team attended a project meeting a8 DOE-NETL
(Pittsburgh). Meeting attendees included the DOE Project Manager, the DOE Vison 21 Program
Manager and severa other DOE personnd involved with the DOE Vison 21 Program.
Presentations by REI personnd included overviews of: current project status, software design
issues being addressed in the project; modes that have been developed for the LEBS workbench
and plans for developing the models required for smulating a gesfier based Vison 21 plant;
issues relaed to working with collaborators (foreign and domestic) and working  with
commercia organizations that have propritary data or models that could be of use to this
project. In addition, a short “movie’ that showed the operatiion of the LEBS workbench was
presented.

Informa discussons have been hedd with organizations that ae interested in  potentid
collaboration. The Black Coa Combustion Research Center in Newcastle, Audrdia has
ggnificant knowledge, experience and daa for pilot and laboratory scde cod gadfication
gysems. Severd of ther recent PhD projects have focused on developing physicad sub-modes
that could be of use in our gasfier CFD modd. The Nationd Fud Cdl Research Center a the
Universty of Cdifornia — Irvine has a Vison 21 project investigating hybrid fud cdl sysems
Models devel oped a the NFCRC could be of useto this project.

Task 2—-Virtual Plant Workbench |

The objective of this task is to demondrate the capabilities of the computationd workbench
environment by evduding the performance of a virtua LEBS power plant. For the many sub-
tasks contained under Task 2, the work effort is being performed by software engineers from
Reaction Engineering Internationd (REI) and Visud Influence (V1).



Task 2.1 Software Design
The main focus of this sub-task has been to create an initid software design, which dlows
testing of basic workbench capabilities and provides a path to trangtion to more sophisticated
designs as we finalize Workbench 1.

Update on_Component Interfaces. As stated previoudy, component interfaces define how the
individud SCIRun modules communicate with ther underlying computationd modules. At
present, dl of the function-based component interfaces for Workbench | have been identified and
designed and used n Task 2.3 Module Implementation/Integration. Note that work will continue
in this area as we begin trangtioning modules to component architectures for Workbench 1.

Abstract Datatypes. The identification and desgn of abdract datatypes is an ongoing task,
which defines the data dructures which are used throughout the workbench modules and
supporting software infrastructure. These types provide abdractions for numerous concepts
including threads, process control, file 1/O, database and data converson. While this sub-task is
nearly complete for Workbench |, the design of abstract types will continue as we proceed with
Workbench 1l and manage itsincreased complexity.

Port_Interrogation Capabilities: In a dataflow environment such as SCIRun, it is important for
the user to be able to interogate the dataflow network a any point to determine what
information is being pased. In the past, this need has been addressed by cresting specid
modules, which dlowed a user to diglay the network information graphicaly or in a table
While this method was functiond, it required the user to connect a separate module whose sole
purpose was display the properties of the network stream in question. Now, a TCL display class
can be defined for a given network stream data type, and network execution populates this
diglay with data from the module. All of this is done internd to the module, omitting the
necessty of a separate digplay module. Work is currently being performed to generdize this
functiondity for dl modules and al data types.

Online Help System: A key dement of a successful workbench is an easlly accessible online
help sysem. Such a sysem dlows a user to quickly answer questions regarding mode inputs,
outputs, usage and capabilities. To address this need, software engineers from REl have
implemented a hdp sysgem within the SCIRun environment. The SCIRun hdp system uses
HyperHelp, the internd iTCL html viewer, to display hypertext help files for each module. Help
content includes indructions on usage of the module, and a description of the modul€s ports.
Help dso contains a picture of the module€'s user interface, as well as a description of fields in the
Ul. To access hdp for a given module, the user smply uses the mouse to right-click on the
module, and choose the "hep"' item from the popup menu. Sdecting this hdp menu item
activates a TCL HTML viewer (much like a web browser window) which then displays the
documentation for the module in question. Since the module documentation is created using
HTML, the online help system is easy to create and maintain usng the plethora of tools available
for web development.




Task 2.2 Visualization

The man focus of this task has been to identify and begin implementation of enhanced
viaudization capabilities for SCIRun. Many of these visudization cgpabilities are based on
emerging technologies and will provide leading edge visudizaion cgpabilities, some of which
provide a modest degree of Virtud Redity functiondity. Our current focus is on: enhanced
trangent visudization, enhanced volume rendering, and solution comparison capabilities.

Update on Enhanced Transent Visualization: Software enginears at Visud Influence
are continuing development of enhanced transent visudization capabilities in SCIRun.
As discussed in the last quarterly report, the design currently being implemented involves
creation of a collector module, which manages the trandent data sats and feeds
downgtream visudization modules.

Update on _Enhanced Volume Rendering: Software enginears from Visud Influence
have completed an initid implementation of an enhanced volume-rendering module. This
module makes use of the latest advances in computer graphics hardware and should
provide a tool for peforming cutting-edge visudization. We are currently in the process
of acquiring the hardware necessxy to run this module on a Linux machine. This
hardware includes the just-released nVidia Gforce3 graphics card and aso a stereoscopic
system from StereoGraphics Corporation.

Update on Solution Comparison: Visud Influence is continuing development of
solution comparison cgpabilities for SCIRun. These new capabilities will adlow us to
peform highly visud comparisons of complicated data sets usng user controlled repid
graphics switching techniques. This will dlow the user incressed ingght into differences
inthefidd data

During the last performance period, we have dso developed capabilities to create a “video” of
the workbench operation and to smplify the user interface to the inherent visudization tools
within SCIRun:

Ability to Capture Computer Screen in toaMovie File:

A need that has frequently arisen during this project is the ability to generate a highly
portable demonstration of the workbench. Because of the hardware and software
requirements of the workbench, it is difficult to show during presentations at remote Stes,
and difficult to send a demongration of the workbench to remote parties. The movies are
created usng publicdly avalable (i.e, no cost) software tools for high-speed frame
capture (xvidcap) and video encoding (RAD video tools). The movies generated using
these tools are easy to view on multiple operating systems, laptops and can easly be sent
eectronicdly to remote Stes. This method was used to provide a demondration of the
workbench capahilities for the NETL Vison 21 project meeting in June 2001.

Enhanced Visualization Module Usability: While basc SCIRun scaar and vector field
visudization capabilities are more than adequate, the user interface and control dements
tend to favor more sophisticated users. To help make the capabilities of these
visudization modules more accessible to generd usars, software engineers from REI
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have made modifications to these visudization modues. These changes include the
addition of user-interface dements that provide a convenient and intuitive means of
controlling visudization parameters.

Task 2.3 Module Implementation/Integration

The focus of this sub-task has been to continue the development of component wrappers needed
for the Year One workbench computationd components and to integrate the LEBS component
moddsinto SCIRun.

Update on_Component Wrappers: Development of the component wrappers for the LEBS
Workbench | is now complete. Wrappers exist for the lower furnace, steam-dde modd, ar
preheater, baghouse, SCR and ESP. Wrapper development will continue as we begin
implementing standard and component-based modules for Workbench 11.

Update on _Component Modd Integration: Component models have been integrated into the
workbench for the lower furnace (GLACIER deady-state CFD modd), steam-side modd, air
preheater, baghouse and SCR. Integration efforts are now focused on an additional mode for the
LEBS furnace (AIOLOS trangent CFD model) and an Electrogtatic Precipitator (ESP) Modd.
AIOLOS is paadld-capable on both SMP and didributed architectures and is therefore
chdlenging to integrate with the SCIRun LEBS Workbench. The ESP modd, which was
obtained as hard copy printouts, is currently being debugged.

Task 3—Modd Vision 21 Components

The purpose of this task is to develop the reactor and CFD models for the components that will
be included in the workbench. Oftentimes, these models are developed in a “sand-done’ form
and then subsequently integrated into the SCIRun environmen.

Task 3.1 LEBS Components

Progress has been made on the following LEBS component models.

GLACIER POC Furnace Module (Steady State) : During this performance period, GLACIER
has been integrated into the LEBS Workbench. The User Interface (Ul) for this modd includes
the inputs that control fud, ar, and re-crculaing flue gas flows temperatures, and cod
properties. Outputs are available in: tabular format for summary data for predicted performance
XY plots to show axid variations of averaged vadues, and 3D fidd data formats for use with
CFD visudization techniques.

AIOLOS POC Furnace Module (Transent/Steady State): The integration of AIOLOS with
the workbench is nearly completed. The Ul is identicd to that used for the GLACIER module.
AIOLOS is a CFD tool that is pardld-capable on both SMP and distributed architectures, can
employ multi-domain grids and perform time dependent cod combugtion smulations and thus
provides some capabilities not availablein GLACIER.




6

Steam Side Module: Integration of the sseam side module into the LEBS workbench has been
completed. The module can be configured to modd a variety of sysems. Components available
within the Ul for building a heat trander network include Cavity, Steam Drum, Water Walls,
Tube Banks, Atemperator and Superheater. This module could be used to modd other plant heat
trandfer devices, such as a heat recovery steam generator (HRSG). The default values provided
with the module in the prototype workbench are for the LEBS POC fadility. All of the remaining
input items for this module (eg., furnace flue gas flow properties) are obtained directly from the
output of the CFD modd of the furnace. The outputs contained in the Ul include a Summary
Data pand for the steam properties (eg., flow rate, temperature, pressure). The Ul dso includes
an online Help pand that contains a short description of the modd and basic indructions for
running the module.

Air_Heater: The integraion of this module into the LEBS Workbench has been completed. The
ar preheater is a heat exchanger that uses hot effluent gas from the furnace to heat the secondary
and tertiary combustion ar and over fire air (OFA). The air heater module was created by re-
usng the tube bank heat transfer modd developed for the steam side module. The Ul for this
module includes a didog box to prescribe the properties of the incoming externa (cold) air. Note
that the properties for the (hot) furnace flue gas are extracted from the flue gas properties in the
workbench data flow network. At present, the Ul does not contain a summary data panel for this
moded because the output can be viewed with the gas-data-stream viewer module. The Ul does
contain asmple on-line Help pand.

SCR Module: The integration of this modd into the LEBS Workbench is complete. The Ul for
the SCR modd includes the fallowing inputs NH3/NO ratio of ammonia injection, anmonia
cos, maximum alowable Ammonia dip, number of computationa cdls, heat loss from the SCR,
and pressure drop. Other inputs required by the modd, such as gas flow rate and compostion,
are obtained from the gas data passed from upstream modules. For outputs, the Ul contains. a
summay data didog box that ligs the predicted NOx reduction, ammonia dip and annud
Ammonia costs, and a XY plot tha illustrates the predicted NOx destruction along the axis of the
SCR unit. The module will flash a warning message if the predicted ammonia dip exceeds the
prescribed maximum leve. A dmple ontline Hep paned has been implemented that includes a
short description of the modd and basic ingructions for running the module.

Baghouse Module: The integration of the baghouse module into the LEBS Workbench has been
completed. The Ul includes inputs for the number of filter compartments and thelr arrangements,
and deaning frequency and method. Ash properties pertinent to dust cake buildup in the
baghouse are input with the cod properties in the furnace Ul (i.e, the Ul for GLACIER and
AIOLOS). All other properties of the flue gas that are required by the modd are obtained directly
from the gas data output from the upstream module. The output for the modd conssts of the
time-averaged pressure drop across the baghouse. A smple online Help pand has been
implemented.

ESP _Mode A liging of the source code for an Electro-Static Precipitator (ESP) model
developed a the Southern Research Inditute and subsequently enhanced a Clean Air
Engineering (CAE) has been provided by CAE. The modd cdculates the voltage-current
characterigtics and dectric potentid, eectric fied, and space charge dengty didributions on a
two dimensond grid. These fidds are in turn used to predict the particulate remova efficiency.
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The resdivity of the particulates is a key input in determining charge accumulation. CAE no
longer has an eectronic copy of the source code for this modd. Hence, REI has manudly
reentered the program from a company report provided by CAE. The initid entry has been
completed. However, at this point in time, the resulting executable program does not reproduce
the predictions in the CAE report. Work is continuing to remove code entry errors.

Task 3.2 Fluidized Bed Models

We intend to incorporate both smple reactor modeds and a CFD based moded into the
workbench. This will adlow users of the workbench to choose the modd that they fed best
represents the system they are andyzing.

At present we are reviewing three CFB reactor models. Based on our review, we will implement
one of more of these models.

= A CFB modd avalable from the Internationa Energy Agency (IEA) [Hannes 1993,
[Hannes,1995] has been obtained. At present our efforts are focused on understanding the
physcd sub-modes contained within the IEA code and how to run the code. This is a
1.5-dimensond deady-date modd (annulus-core modd) for cod combugtion in an
amospheric circulating fluidized bed. The mode dexcribes gas and solid flows,
devedlopment of cod/char particle sze didribution, cod converson, homogeneous and
catdytic gas reactions and heat trandfer to the furnace wall. Reduction of sulfur dioxide
usng limesone/dolomite was dso taken into account. The mode predicts cod
converson, cyclone efficiency, temperature profile in the furnace and emissons of CO,
CO,, NO, N20 and SO, from the furnace.

= A scond reactor modd being reviewed is a mode developed & DOE NETL
(Morgrantown) [Shadle, 2001]. This node has two versons. one is a steady-state model
and the other a dynamic modd. The Steady-state model was based on mass and energy
baances, assuming ingantaneous devolatilization and combustion, and kineticaly limited
gadfication reections in a continuoudy irred tank reactor. A one-dimensond lumped
parameter modd was used for the riser and standpipe (return leg) in the dynamic verson
of the modd. The modd predicts the solids didribution and operating regimes from
operating conditions, including particle properties and gas flow rates. The modd has
been vdidaed agang avalable data in the literature. Both versons of this modd ae
limited to cold flow smulations, and thus may not be gpplicable to this project.

= The third reactor CFB modd is based on work previoudy done by REIl project team
members. This is a 15-dmensond dynamic modd (annulus-core model), based on
energy baance and species mass bdance equaions. The modd smulates cod
combugtion in an amospheric or devated-pressure circulating fluidized bed combustor.
The circulating fluidized bed moded is based on the modd developed by Yang (1988),
which describes the characterisics of the riser, cyclone, return leg and the solids flow
control valve. The hydrodynamics associated with the bubbling zone in the CFB is taken
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from the results reported by Glicksman et al. (1991). Char combustion chemistry and a
sangle particle mode are adopted from Shakti et al. (1995) and God et al. (1996). It is
assumed that volatiles and moigture in the feed cod reease instantaneoudy once cod
particles enter the CFB; the combugtion of the volailes and char then takes place
amultaneoudy in the riser only. It is dso assumed that temperature in the gas and solid
phases is the same it is uniform in the radid direction, but may vary dong the axid
direction. The temperature of particles from the solids flow control vave is specified.
Addition of dolomite/limestone to the CFB for reduction of sulfur dioxide will dso be
taken into condderation. The modd can thus predict flow dynamics, temperature profile,
cod burnout and emissons of different gas pecies, including green house gases, nitrogen
oxide and sulfur dioxide. We have written a white paper that outlines the proposed mode
and it is currently being reviewed by Prof. Glicksman (MIT) who is a consultant to this
project.

For a CFD based modd we are currently evauating the MFX code developed a the NETL-
Morgantown facility [Symdd,1993]. MFIX is a comprenensve CFD research code that solves
for mass, momentum, energy and species for interacting granular and fluid phases MFIX has
been used to modd a wide range of fluidized bed systems. The MFIX code has been obtained. At
present our efforts are focused on repeating the DOE provided tests cases to learn more about
the cgpatiilities and limitations of MF X.

Task 3.3 Gasifier Models

A literature review is being conducted to identify potentidly useful sub-models and possibly
avalable data A report avalable from the IEA tha reviews recently published gadfication
models has proved quite useful [IEA, 2000]. Discussions are on-going with organizations on the
possihility of collaborating on developing the gasifier modd.

Our plan is to develop a CFD based modd for an entrained flow, oxygen blown gedfier. We
intend to develop the modd usng REI's combustion CFD codes with appropriate modifications
as needed. We anticipate having to incorporate extensons to our models to account for high
pressure effects on the reection kinetics and possbly the impact of the heavier particle loading.
Additiond modds might be required to adso include predictions for ash and dagging. The
planned gasfier modd will have the flexibility to smulate a wide range of conditions and
options. The engineer will have the ability to easly change process conditions (eg., fud
properties, durry compostion), gross burner characterigtics and overal column geometry.

Results and Discussion

During the lagt quarter, an “dphd’ verson of the prototype workbench for the LEBS POC has
been assembled. The prototype workbench can be used for performing steady state smulations
of the LEBS facility, usng a CFD modd for the furnace and reactor modds for the steamside,
SCR, ar heater and baghouse. Usng the workbench makes it possble to do a more extensve
andydss than could be done previoudy. In paticular, it smplifies studying the impact of changes
to the boiler firing conditions on the performance of other equipment located upstream and
downstream of the boiler. In the following we highlight some of the capdbilities that ae
currently available in the workbench.
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lllugtrated in Figure 1 is the User Interface (Ul) that an engineer usng the LEBS Workbench
would see on the computer screen. Note the presence of a series of “boxes’ and “pipes’. The
“boxes’ with an icon represent the different modules that contain engineering models of different
equipment or processes a the LEBS POC (eg., the Furnace CFD model). The “boxes’ that do
not have an icon are generd purpose modules for peforming functions such as specifying
additiond ar dreams to equipment or interrogating Smulation results The “pipes’ provide a
mechanism for the flow of data in-to and out-of the different modules, much like materiad flows
between equipment at a power plant.

Fiaure 1. LEBS Workbench User Interface

The Ul for the LEBS workbench provides a large degree of flexibility. The LEBS layout can be
eadly modified: modules can be ddeted (eg., delete the SCR unit to andyze a plant that does
not have a SCR) or re-ordered within the data network. However, the workbench does not check
for erroneous configurations, such as placing the baghouse unit ahead of the ar heater (the flue
gas entering the baghouse would be too hot in such a configuration).

The Ul for the modds in the workbench make it very easy to ater process conditions and view
moded results. The functiondlity of the Ul is accessed by usng the screen cursor and mouse to
sdlect the desred module. As an example, shown in Figures 27 are a series of input, output and
help windows from the Ul for the SCR modd. Comparable capabilities are provided for dl of
the modes included in the workbench. The conditions used are the “basdling’ firing conditions.
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lllugtrated in Figure 2 is the module for the SCR mode. Located on the SCR module is a button
labded Ul and some exit data ports dong the bottom of the module. Sdecting the Ul button on
the module will cause the user input didog box illustrated in Figure 3 to gppear on the screen.
Usng this pand the engineer can dter the modd parameters that would impact the SCR
performance, such as dlowable NH3 dip, as wdl as parameters that control the accuracy and
computationa effort to execute the SCR modd, such as the number of cdls used to define the
length of the catdys. The input pand uses a combination of smple type-in boxes that request
information in terms (and units) typicdly used in the combugion community. Default vaues are
provided for dl modd inputs. At present, the defaults are configured for the LEBS POC. For the
input panels for al the models, extensve data and error checking is performed.

— uvilebs components _scr 0
SCR
Humber of cells : 100
1]l Catalyst (kg): 5364.0
- MH3fNO ratio : 0.8925
SUM Pressure drop (Pa): 0

0. 0o | Heat loss (W): 10000

— Maximum allowable NH3 (ppm): |5
MH3 cost ($ston): 210.52
Figure 2. SCR module icon Vector output name :
Execute|

Figure 3. SCR module input dialog box.

To make the workbench more “user-friendly”, each module contains an easly accessble on-line
help sysem. llludrated in Figure 4 is the “onling’ hdp pand for the SCR modd. The Hep
content includes documentation on modd input, mode outputs usage and capabilities. The Help
page is accessed by placing the cursor over the module, performing a right-click of the mouse,
and then sdecting the "hep" item from the popup menu. Sdecting the Hlp menu item activates
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a HTML viewer (much like a web browser window) which then displays the documentation for
the module in question .

Help: momefmaguirefSCIRun/srchelpfSCR.hitml

Topics  Navigate

SCR1-2

Ammonia injection Catalyst

Flue gas

Module Description
G as Selective Catalytic Reduction
4 Calculates NOx reducton, Ammeonia usage/slip
= SCR Reference: Dumnesic, Topsoe, Topsoe, Chen and Slabiak

Jowrnal of Catalysis 163, 409 -417 (1998}

]|

0.00 |

Gasf \XY Data

Figure 4a. SCR module on-line Help page — modd description
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\srchelp/SCR2 html =B

Topics Mavigate

SCR1-2
User Interface
MNurnber of cells: Number of cells used in plug flow model T
Catalyst: Kilograms of catalyst Himborof colls. o 100 -
NH3/MQ ratio; Ratio of NH3 to NC Catalyst (kg): J3e40
Bressure drop: Uniferm pressure drop across SCR MNH3/MO ratio : 0.8925
Heatloss: Heatloss across SCR i -
Masimumn allowable NH3: If NH3 slip exceeds this ammount, a warning FICSSUIE op tha) 65
will appear Heat loss (W): 10000
NHS3 cost: Used in calculation of annual NMHS cost Maximum allowable NH3 (ppm):/s
Vector output name: Name of 2Y vector output NH3 cost ($fton): A

Vector output name : -

Execute |
L L

Execution notes:

If amount of NO in incoming stream is 0, the reacton stll takes place.

If amount of 02, H20 or W2 is 0, the reaction does not take place, and the execution halts,
[f the sum of the rmol fractions of the incoming gas is not 1, it is normalized to 1.

Click on the SUN button to viewr post—reacton summary data,

Connect the XY out port to an xy—plotter to see NO reduction plotted by cell

Figure 4b. SCR module on-line Help page — Ul and execution notes

The tools in the workbench provide the capability to observe the performance of each piece of
equipment, or process, modeled and to view results at different levels of detal. For the SCR
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model, both summary data (tabular) and plotted data can be viewed. Shown in Figure 5 is a
didog box containing gross performance data. This pand is accessed by sdlcting the SUM button
located on the module icon. Listed are the predicted modd results, which include the predicted
NO reduction, anmonia dip and the annud cogt for the ammonia consumption. More detailed
information for this modd can be obtained by connecting a XY -plotter module to one of the data
ports aong the bottom of the module (note that in the future this festure will be accessed through
a XY button placed on the module icon as per the SUM button). The SCR mode uses a plug
flow approximation that accounts for axid varidion in the gas compostion aong the SCR.
Illustrated in Figure 6 isaplot of the predicted NO reduction aong the axis of the SCR.

sumLebs_components_scr D o T 1 T R | = | » | &
Print
Description Value — [ ow Fodhicion I
MO Reduction 69.25% 1
MO in {mol fraction) |0.000558 dis
MO out {imol fraction) |5.9948e-03 1 |
Slip (ppm) 3.3079e-24 rE' 80
Annual NH3 Cost $161,148.85 ;
m -
I
a0 —
Figure 5. SCR module - table
of summary output data - — — ,
a 1d 0 31 4D
Cal
Pl i b
1 Y fEs W L
# Lingar cale | ¥ Lesar Scale ) Gl Liees
Livi] Bi-phe L Sake —
: Skt skl :mwmu Frac t<on |5
_!: 20632 y: 10 8321

Figure 6. SCR module — plot of NO reduction
asafunction of axia postion
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The peformance of the SCR unit can dso be reviewed by comparing the compostion and
properties of the gas stream (flue gas) entering and exiting the SCR. A specid module has been
developed that can be agpplied to any location dong a data “pipe’ to obtain a table liging of the
flue gas dream properties a that location. Illudrated in Figure 7 is an example of such an
andyss.

=] uiLebs_components_GasProperties ||Q|E|E = |§.:!'J'iLehs_cumpunents_ﬁasPruperﬁesj“ﬁ@@
Temperature (K): 669.932 Temperature {K): 476.914
Pressure (Pa): 101228 Pressure (Pa): 999964
Fowrate {kgfs): 109.675 Fowrate {kgfs): 109.675
Density {kg/im~3): 0.5156 Density (kg/m*3}: 0.7056
Specie Mole Fraction I Specie Mole Fraction I

co 5.235e-06 co 7.235e-07

coz 012973 coz 012913

H 1.56593e-06 H 1.56593e-06

H2Z 0.00297851 HZ 0.00297851

HZO 0.095402 HZO 0.09558

HZO(L) 0 HZO(L) 0

HZS 0.00000033 HZS 0.00000033

HCH 1.38869e-10 HCN 1.36869e-10

H 0 M 0

HZ 0.732145 HZ 0.732145

NH3 2.16396e-08 = NH3 3.89991e-07 -

HO 0.000363239 NO 3.94132e-05

0 1.51816e-06 0 1.51616e-06

02 0.0264871 7 0z 0.02604 7

Figure 7a. Predicted gas stream properties

upstream of SCR module

Figure 7b. Predicted gas stream properties

downstream of SCR module

Usng the SCR modd, it would now be possble to dter the amount (weight) of catdys in the
SCR, dlowable ammonia dip or anmonia cogt to “optimize’ the peformance of the SCR for a
given st of upstream conditions. Note that such a study would not require re-executing the
upstream modules.
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Conclusions

Good progress has been made in the last quarter. An “dpha’ version of the prototype workbench
has been completed and is being tested. Modules required to perform a Steady state smulation
are fully integrated into the workbench. However, additiona modules and capabilities reman to
be integrated into the workbench environment. Prdiminary results from using the prototype
workbench were presented to DOE in a project meeting held at NETL-PRittsburgh.

The rate of expenditures has approached the desired level. Software engineers recently hired by
REI to be a part of the project team have hel ped accelerate the pace of development.

Plans for the next quarter will focus on two efforts. Firs, we will push forward to complete the
development and integration of modes required for the prototype workbench for the LEBS POC.
Second, we will commence some of the preliminary work needed for developing a second
verson of the workbench that will be targeted for smulating Vison 21 energyplex systems.
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